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Battelle Energy Alliance, LLC, is the managing and operating contractor for
the U.S. Department of Energy’s (DOE’s) Idaho National Laboratory (INL). INL
is the lead laboratory for DOE’s Advanced Vehicle Testing Activity. INL’s
conduct of the Advanced Vehicle Testing Activity resulted in a significant base
of knowledge and experience in the area of testing light-duty plug-in electric
vehicles and electric charging infrastructure that reduce transportation-related
petroleum consumption. Because of this experience, INL was tasked by DOE to
develop agreements with companies that were recipients of American Recovery
and Reinvestment Act of 2009 Transportation Electrification grants that allowed
INL to collect raw data from light-duty vehicles and charging infrastructure
developed and deployed as a result of these grants.
INL developed non-disclosure agreements with several companies and their
partners, which resulted in INL being able to receive raw data via server-toserver connections from the partner companies. These raw data allowed INL to
independently conduct data quality checks, perform analyses, and report publicly
to DOE, partners, and stakeholders how drivers used both the new advanced
plug-in electric vehicle (PEVs) technologies and the deployed charging
infrastructure. The ultimate goal was not deployment of vehicles and charging
infrastructure, but rather creation of real-world laboratories of vehicles, charging
infrastructure, and drivers that would aid in the design of future electric drive
vehicle transportation systems.
The five projects and the goal of each project that INL collected data from
were as follows:
1. ChargePoint America – PEV Charging Infrastructure Demonstration
2. Chrysler Ram PEV Pickup – PEV Demonstration
3. General Motors Chevrolet Volt – PEV Demonstration
4. The EV Project – PEV and PEV Charging Infrastructure Demonstration
5. South Coast Air Quality Management District/Electric Power Research Institute/Via
Motors – PEV Demonstration.
This document serves to benchmark the performance science involved in
execution, analysis, and reporting for the five projects and share lessons learned
based on drivers’ use of vehicles and recharging decisions made by the drivers.
Results are reported describing the use of more than 25,000 vehicles and
charging units across the United States.





iii

&217(17
ABSTRACT................................................................................................................................................. iii
ACRONYMS ........................................................................................................................................ xxxvii
1.

HOW TO READ THIS REPORT ................................................................................................... 1-1

2.

ACKNOWLEDGEMENTS ............................................................................................................ 2-1

3.

EXECUTIVE SUMMARY ............................................................................................................. 3-1
3.1

Featured Highlight: How Americans Charge Their Plug-In Electric Vehicles ..................... 3-1
3.1.1
3.1.2

What Have We Learned? ......................................................................................... 3-2
What Have We Learned About PEV Driving Patterns and Charging
Preferences? ............................................................................................................. 3-3
3.1.3 Preference for Charging Frequency and Location ................................................... 3-4
3.1.4 Preference for Charging Equipment......................................................................... 3-5
3.1.5 What Have We Learned About Away-From-Home Charging for Range
Extension? ................................................................................................................ 3-6
3.1.6 What Have We Learned About Workplace Charging? ............................................ 3-7
3.1.7 What Have We Learned About Public Charging Station Use? ................................ 3-8
3.1.8 What Have We Learned About Charging at Home? ................................................ 3-9
3.1.9 What Have We Learned About Charging Station Installation Costs? ................... 3-10
3.1.10 How Have the Findings of These Projects Helped Organizations Promote or
Prepare for PEV Adoption? ................................................................................... 3-11
3.2

Introduction ......................................................................................................................... 3-13

3.3

EV Project and ChargePoint America................................................................................. 3-13
3.3.1
3.3.2
3.3.3
3.3.4
3.3.5

3.4

U.S. Department of Energy/General Motors Chevrolet Volt Vehicle Demonstration ........ 3-22
3.4.1

4.

Building the “Laboratory” ..................................................................................... 3-13
EV Project and ChargePoint America Demonstration Objectives ......................... 3-14
Project Outcomes ................................................................................................... 3-16
Impact of Who Has Benefitted from Information Generated by U.S.
Department of Energy Investments? ...................................................................... 3-20
Recommendations for Supporting Market Growth ................................................ 3-22

U.S. Department of Energy/ General Motors Chevrolet Volt Vehicle
Demonstration Results ........................................................................................... 3-23

3.5

Chrysler Ram Plug-In Hybrid Electric Vehicle Demonstration.......................................... 3-24

3.6

SCAQMD/EPRI/Via Motors Demonstration ...................................................................... 3-24

SUMMARY OF KEY LESSONS LEARNED FINDINGS ............................................................ 4-1
4.1

Summary EV Project Lessons Learned................................................................................. 4-1
iv

4.1.1
4.1.2
4.1.3
4.1.4
4.1.5
4.1.6
4.1.7
4.2

Lessons Learned from Combined Projects ......................................................................... 4-15
4.2.1
4.2.2
4.2.3
4.2.4

4.3

EV Project Direct Current Fast Chargers ................................................................. 4-1
EV Project Electric Vehicle Supply Equipment ...................................................... 4-3
EV Project Public Electric Vehicle Supply Equipment ........................................... 4-6
EV Project Gasoline and CO2 Savings, Carbon Credits, and Greenhouse
Gases ........................................................................................................................ 4-8
EV Project Participants .......................................................................................... 4-10
EV Project Vehicle Use ......................................................................................... 4-11
EV Project Workplace Charging............................................................................ 4-13

Categorizing Electric Vehicle Supply Equipment Venues: Describing
Publicly Accessible Charging Station Locations ................................................... 4-15
Analyzing Public Charging Venues: Where are Publicly Accessible
Charging Stations Located and How Have They Been Used................................. 4-15
Workplace Charging Case Study: Charging Station Utilization at a Work
Site with Alternating Current Level 1, Alternating Current Level 2, and
Direct Current Fast Charger Units ......................................................................... 4-16
Direct Current Fast Charger Usage in the Pacific Northwest ................................ 4-16

Miscellaneous Observations................................................................................................ 4-17
4.3.1
4.3.2
4.3.3
4.3.4

Top 10 EV Cities and American Recovery and Reinvestment Act Charging
Infrastructure Deployments.................................................................................... 4-17
Comparing Chevrolet Volt Performance by Driver Groups .................................. 4-17
Comparing EV Project Chevrolet Volt Use and Nissan Leaf Use ......................... 4-17
ChargePoint America and EV Project Results ....................................................... 4-18

5.

INDIVIDUAL AMERICAN RECOVERY AND REINVESTMENT ACT PROJECTS .............. 5-1

6.

CHARGEPOINT AMERICA PROJECT ...................................................................................... 6-11
6.1

ChargePoint America Project Scope and Objectives ............................................................ 6-1

6.2

ChargePoint America Electric Vehicle Supply Equipment Types........................................ 6-1

6.3

ChargePoint America Electric Vehicle Supply Equipment Deployment and Data
Collection Rate ...................................................................................................................... 6-3

6.4

ChargePoint America Reporting ........................................................................................... 6-5

6.5

ChargePoint America Project Results ................................................................................... 6-6
6.5.1
6.5.2

6.6
7.

ChargePoint America Project Duration Results ....................................................... 6-6
October to December 2013 Results.......................................................................... 6-8

ChargePoint America Project Summary ............................................................................. 6-15

U.S. DEPARTMENT OF ENERGY/GENERAL MOTORS CHEVROLET VOLT
DEMONSTRATION ....................................................................................................................... 7-1

v

8.

7.1

U.S. Department of Energy/General Motors Volt Demonstration Scope and
Objectives.............................................................................................................................. 7-1

7.2

U.S. Department of Energy/General Motors Volt Demonstration Electric Vehicle
Supply Equipment Types ...................................................................................................... 7-2

7.3

U.S. Department of Energy/General Motors Volt Features .................................................. 7-2

7.4

U.S. Department of Energy/General Motors Volt Demonstration Deployment and
Data Collection Rate ............................................................................................................. 7-3

7.5

U.S. Department of Energy/General Motors Volt Demonstration Reporting ...................... 7-4

7.6

U.S. Department of Energy/General Motors Volt Demonstration Results .......................... 7-5

7.7

U.S. Department of Energy/General Motors Volt Demonstration Summary ..................... 7-12

CHRYSER RAM PLUG-IN HYRBRID ELECTRIC VEHICLE DEMONSTRATION .............. 8-1
8.1

Chrysler Ram Plug-In Hybrid Electric Vehicle Demonstration Scope and Objectives ....... 8-1

8.2

Chrysler Ram Plug-In Hybrid Electric Vehicle Demonstration Electric Vehicle
Supply Equipment Types ...................................................................................................... 8-3

8.3

Chrysler Ram Plug-In Hybrid Electric Vehicle Demonstration Features ............................ 8-3

8.4

Chrysler Ram Plug-In Hybrid Electric Vehicle Demonstration Deployment and Data
Collection Rate ...................................................................................................................... 8-3
8.4.1
8.4.2

8.5

Chrysler Ram Plug-In Hybrid Electric Vehicle Demonstration Reporting .......................... 8-6
8.5.1
8.5.2

8.6

Phase 1 Chrysler Ram Plug-In Hybrid Electric Vehicle Demonstration
Reporting.................................................................................................................. 8-6
Phase 2 Chrysler Ram Plug-In Hybrid Electric Vehicle Demonstration
Reporting.................................................................................................................. 8-9

Chrysler Ram Plug-In Hybrid Electric Vehicle Demonstration Results .............................. 8-9
8.6.1
8.6.2

8.7

Phase 1 Chrysler Ram Deployment and Data Collection Rate ................................ 8-3
Phase 2 Chrysler Ram Deployment and Data Collection Rate ................................ 8-5

Phase 1 Chrysler Ram Plug-In Hybrid Electric Vehicle Demonstration
Results ...................................................................................................................... 8-9
Phase 2 Chrysler Ram Plug-In Hybrid Electric Vehicle Demonstration
Results .................................................................................................................... 8-16

Chrysler Ram Plug-In Hybrid Electric Vehicle Demonstration Summary ........................ 8-22
8.7.1
8.7.2
8.7.3

Phase 1 Chrysler Ram Demonstration Summary ................................................... 8-22
Phase 2 Chrysler Ram Demonstration Summary ................................................... 8-22
Phases 1 and 2 Combined Chrysler Ram Plug-In Hybrid Electric Vehicle
Demonstration Results ........................................................................................... 8-23
vi

9.

THE EV PROJECT ......................................................................................................................... 9-1
9.1

The EV Project Scope and Objectives .................................................................................. 9-1

9.2

EV Project Electric Vehicle Supply Equipment Types ......................................................... 9-3

9.3

EV Project Deployment and Data Collection Rate ............................................................... 9-5
9.3.1
9.3.2

9.4

EV Project Reporting .......................................................................................................... 9-10
9.4.1
9.4.2
9.4.3
9.4.4

9.5

10.

EV Project Electric Vehicle Supply Equipment and Direct Current Fast
Charger Reporting .................................................................................................. 9-11
EV Project Nissan Leaf Reporting ......................................................................... 9-11
EV Project Chevrolet Volts Reporting ................................................................... 9-12
EV Project Car2Go Smart Electric Drive Reporting ............................................. 9-13

EV Project Results .............................................................................................................. 9-13
9.5.1
9.5.2
9.5.3
9.5.4

9.6

EV Project Electric Vehicle Supply Equipment and Direct Current Fast
Charger Deployment and Data Collection Rate ....................................................... 9-6
EV Project Plug-In Electric Vehicle Deployment and Data Collection Rate .......... 9-8

EV Project Charging Infrastructure Quarterly Reporting Results ......................... 9-14
EV Project Nissan Leaf Quarterly Reporting Results ............................................ 9-22
EV Project Chevrolet Volt Quarterly Reporting Results ....................................... 9-28
January through December 2013 EV Project Results ............................................ 9-33

EV Project Summary .......................................................................................................... 9-47

SCAQMD/EPRI/VIA MOTORS DEMONSTRATION ............................................................... 10-1
10.1 SCAQMD/EPRI/VIA Motors Demonstration Scope and Objectives ................................. 10-1
10.2 SCAQMD/EPRI/VIA Motors Demonstration Electric Vehicle Supply Equipment
Types ................................................................................................................................... 10-1
10.3 SCAQMD/EPRI/VIA Motors Demonstration Features ...................................................... 10-1
10.4 SQACMD/EPRI/VIA Motors Demonstration Deployment and Data Collection Rate...... 10-2
10.5 SCAQMD/EPRI/VIA Motors Demonstration Reporting ................................................... 10-3
10.6 SCAQMD/EPRI/VIA Motors Demonstration Results ........................................................ 10-4
10.7 SCAQMD/EPRI/VIA Motors Demonstration Summary .................................................... 10-6

11.

EV PROJECT LESSONS LEARNED .......................................................................................... 11-1
11.1 EV Project Direct Current Fast Chargers ............................................................................ 11-1
11.1.1 What Were the Cost Drivers for the Direct Current Fast Charging
Installations? .......................................................................................................... 11-1
vii

11.1.2 What Location Factors Did Highly Utilized Direct Current Fast Chargers
Have in Common ................................................................................................. 11-11
11.1.3 What is the Impact of Utility Demand Charges on a Direct Current Fast
Charger Host? ...................................................................................................... 11-21
11.1.4 Direct Current Fast Charge - Demand Charge Reduction.................................... 11-33
11.2 EV Project Residential Electric Vehicle Supply Equipment ............................................ 11-44
11.2.1 What were the “Best Practices” Identified for Residential Charger
Installations? ........................................................................................................ 11-44
11.2.2 How Do Residential Alternating Current Level 2 Charging Installation Costs
Vary by Geographic Location? ............................................................................ 11-50
11.2.3 How Do PEV Owners Respond to Residential Time-of-Use Rates While
Charging The EV Project Vehicles? .................................................................... 11-57
11.2.4 Residential Charging Behavior in Response to Utility Experimental Rates in
San Diego ............................................................................................................. 11-65
11.2.5 When EV Project Participants Program Their Plug-In Electric Vehicle
Charge, Do They Program Their Vehicle, Their EVSE Unit, or Both? ............... 11-70
11.2.6 What Residential Clustering Effects have been Experienced in the San
Diego Region?...................................................................................................... 11-76
11.2.7 What Residential Clustering Effects have been Seen in The EV Project, and
Specifically in the Pacific Gas and Electric Service Territory? ........................... 11-87
11.2.8 What is the Controllable Electrical Demand from Residential EVSE in the
San Diego Region?............................................................................................... 11-98
11.3 EV Project Public Electric Vehicle Supply Equipment .................................................. 11-105
11.3.1 How Do Publicly Accessible Charging Infrastructure Installation Costs Vary
by Geographic Location? ................................................................................... 11-105
11.3.2 Electric Vehicle Public Charging – Time Versus Energy March 2013 ............. 11-110
11.3.3 What Was the Impact of Car Sharing on Publicly Accessible Charging
Infrastructure in San Diego ................................................................................ 11-115
11.3.4 What is the Impact of Utility Demand Charges on an Alternating Current
Level 2 Electric Vehicle Supply Equipment Host?............................................ 11-121
11.3.5 How Well Did Non-residential EVSE Installations Match the Planned Areas
in San Diego? ..................................................................................................... 11-127
11.3.6 How Does Utilization of Non-Residential EVSE Compare Between those
Installed in Oregon in Planned versus Unplanned Locations? ........................... 11-133
11.3.7 Electric Vehicle Supply Equipment Signage ..................................................... 11-142
11.3.8 The EV Micro-Climate® Planning Process ....................................................... 11-154
11.4 The EV Project Plug-In Electric Vehicle Gasoline and CO2 Savings, Carbon Credits,
and Greenhouse Gases .................................................................................................... 11-166
11.4.1 EV Project Gasoline and CO2 Savings Extrapolated Nationally ....................... 11-166
11.4.2 How Many of California’s Low-Carbon Fuel Standard Credits were
Generated by Use of Charging Infrastructure Deployed During The EV
Project? .............................................................................................................. 11-169
11.4.3 Greenhouse Gas Avoidance and Cost Reduction............................................... 11-173

viii

11.5 EV Project Participants ................................................................................................... 11-184
11.5.1 Who Are the Participants in The EV Project? ................................................... 11-184
11.5.2 How Do The EV Project Participants Feel About Their EVs? .......................... 11-195
11.5.3 How Do The EV Project Participants Feel about Charging Their Electric
Vehicle at Home? ............................................................................................... 11-207
11.5.4 How Do The EV Project Participants Feel About Charging Their EV Away
From Home? ...................................................................................................... 11-218
11.6 EV Project Vehicle Use .................................................................................................. 11-228
11.6.1 How Many Electric Miles Do Nissan Leafs and Chevrolet Volts in The EV
Project Travel? ................................................................................................... 11-228
11.6.2 What Kind of Charging Infrastructure Did Nissan Leaf Drivers in The EV
Project Use and When Did They Use It? ........................................................... 11-235
11.6.3 What Kind of Charging Infrastructure Do Chevrolet Volt Drivers in The EV
Project Use and When Do They Use It? ............................................................ 11-240
11.6.4 How Much are Chevrolet Volts in The EV Project Driven in EV Mode? ......... 11-245
11.7 EV Project Workplace Charging ..................................................................................... 11-249
11.7.1 What Were the Cost Drivers for Workplace Charging Installations? ................ 11-249
11.7.2 Workplace Charging Frequency of Nissan Leafs and Chevrolet Volts in The
EV Project at Six Work Sites ............................................................................. 11-253
11.7.3 Where Do Nissan Leaf Drivers in The EV Project Charge When They Have
the Opportunity to Charge at Work? .................................................................. 11-260
11.7.4 Charging and Driving Behavior of Nissan Leaf Drivers in The EV Project
with Access to Workplace Charging .................................................................. 11-264
11.7.5 Where Do Chevrolet Volt Drivers in The EV Project Charge When They
Have the Opportunity to Charge at Work? ........................................................ 11-268
11.7.6 Accessibility at Public Electric Vehicle Charging Locations ............................ 11-272
12.

COMBINED PROJECTS LESSONS LEARNED ........................................................................ 12-1
12.1 Categorizing Electric Vehicle Supply Equipment Venues: Describing Publicly
Accessible Charging Station Locations .............................................................................. 12-1
12.1.1
12.1.2
12.1.3
12.1.4

Introduction ............................................................................................................ 12-1
Primary Venues ...................................................................................................... 12-1
Relationship of This Paper to Prior Works ............................................................ 12-2
References .............................................................................................................. 12-3

12.2 Analyzing Public Charging Venues: Where are Publicly Accessible Charging
Stations Located and How Have They Been Used? ........................................................... 12-3
12.2.1
12.2.2
12.2.3
12.2.4
12.2.5

Introduction ............................................................................................................ 12-3
Key Conclusions .................................................................................................... 12-3
Venues Described .................................................................................................. 12-4
Which Electric Vehicle Supply Equipment Were Being Studied? ........................ 12-4
Which Venues Have the Most Highly Used Electric Vehicle Supply
Equipment? ............................................................................................................ 12-4
ix

12.2.6 Understanding the Frequency of Public Charging Events on a Per Site Basis ...... 12-9
12.2.7 Future Work ......................................................................................................... 12-10
12.2.8 References ............................................................................................................ 12-10
12.3 Workplace Charging Case Study: Charging Station Utilization at a Work Site with
Alternating Current Level 1, Alternating Current Level 2, and Direct Current Fast
Charging Units .................................................................................................................. 12-11
12.3.1
12.3.2
12.3.3
12.3.4
12.3.5

Introduction .......................................................................................................... 12-11
Key Conclusions .................................................................................................. 12-11
Which Work Site Is Being Studied? .................................................................... 12-12
Discussion of Results ........................................................................................... 12-12
Discussion on Variation in Charging Behavior for Different Vehicle Makes
and Models ........................................................................................................... 12-18
12.3.6 References ............................................................................................................ 12-24

12.4 Direct Current Fast Charger Usage in the Pacific Northwest ........................................... 12-24
12.4.1
12.4.2
12.4.3
12.4.4

Introduction .......................................................................................................... 12-24
Key Conclusions .................................................................................................. 12-25
What Was Studied? .............................................................................................. 12-25
Weekly Usage of Direct Current Fast Chargers on the West Coast Electric
Highway ............................................................................................................... 12-25
12.4.5 How Have Battery Electric Vehicle Drivers Used Direct Current Fast
Chargers? ............................................................................................................. 12-27
12.4.6 References ............................................................................................................ 12-29

13.

MISCELLANEOUS OBSERVATIONS ...................................................................................... 13-1
13.1 Top 10 Electric Vehicle Cities and American Recovery and Reinvestment Act of
2009 Charging Infrastructure Deployments ........................................................................ 13-1
13.1.1 References .............................................................................................................. 13-3
13.2 Comparing Driver Influence on Plug-In Electric Vehicle Petroleum Reduction
Benefits ............................................................................................................................... 13-3
13.2.1 Introduction ............................................................................................................ 13-3
13.2.2 Analysis Results ..................................................................................................... 13-3
13.3 Comparing EV Project Chevrolet Volt Use and Nissan Leaf Use ...................................... 13-7
13.3.1 Introduction ............................................................................................................ 13-7
13.3.2 Analysis Results ..................................................................................................... 13-7
13.4 ChargePoint America Project and The EV Project Comparative Results ........................ 13-10
13.4.1
13.4.2
13.4.3
13.4.4

Introduction .......................................................................................................... 13-10
Residential EVSE................................................................................................. 13-11
Public Alternating Current Level 2 Electric Vehicle Supply Equipment ............ 13-15
Summary .............................................................................................................. 13-20
x

13.5 Who Has Used This Information and How Have These Results Helped Progress the
Plug-In Electric Vehicle Market?...................................................................................... 13-20
14.

IDAHO NATIONAL LABORATORY DATA SYTEMS USED FOR THE AMERICAN
RECOVERY AND REINVESTMENT ACT OF 2009 BENCHMARKED PROJECTS ........... 14-1
14.1 Introduction ......................................................................................................................... 14-1
14.2 Handling Data ..................................................................................................................... 14-1
14.2.1 Data Warehouse Management ............................................................................... 14-2
14.2.2 Work Flow ............................................................................................................. 14-2
14.2.3 Receiving Files....................................................................................................... 14-3
14.2.4 File Types............................................................................................................... 14-3
14.2.5 Servers.................................................................................................................... 14-3
14.2.6 Processing Files ..................................................................................................... 14-3
14.2.7 Basic Database Practices ........................................................................................ 14-3
14.2.8 Quality Assurance .................................................................................................. 14-4
14.2.9 Calculation Standards ............................................................................................ 14-4
14.2.10Security .................................................................................................................. 14-4


),*85(6
3-1. Areas where public charging infrastructure was installed and vehicles were enrolled in The
EV Project and ChargePoint America Project ........................................................................... 3-2
3-2. Average monthly vehicle miles traveled varied seasonally, but was otherwise consistent over
time ............................................................................................................................................ 3-4
3-3. Leaf and Volt drivers performed most of their charging at home ...................................................... 3-5
3-4. In all, 92% of Volt drivers and 77% of Leaf drivers did most of their away-from-home
charging at three or fewer locations........................................................................................... 3-5
3-5. Volt and Leaf drivers’ away-from-home preferences for charging equipment .................................. 3-6
3-6. Volt (left) and Leaf (right) drivers with access to home and workplace charging performed
nearly all of their charging at those locations ............................................................................ 3-7
3-7. Volt and Leaf drivers with access to home and workplace charging drove considerably more
annual EV miles than the overall project averages; their annual electric vehicle miles
traveled (eVMT) exceeded the national average annual vehicle miles traveled........................ 3-8
3-8. Blink DCFC usage fell dramatically in the middle of 2013, coinciding with the onset of fees
for use, but increased again in the second half of 2014 ............................................................. 3-9
3-9. The total power drawn over the course of a day by all EV Project vehicles charging at home
on a typical weekday in San Diego.......................................................................................... 3-10

xi

3-10. Vehicle and charging infrastructure deployment for The EV Project and ChargePoint
America Project ....................................................................................................................... 3-14
3-11. Example of demand on the electric utility grid for one reporting quarter in 15-minute
increments ................................................................................................................................ 3-15
3-12. Example of an EV Project Nissan Leaf charging at an EV Project DCFC..................................... 3-15
3-13. Example of charging hot spots (i.e., red\orange) in the greater San Jose area ............................... 3-16
3-14. Where Nissan Leaf drivers charged their vehicles on workdays and non-workdays ..................... 3-17
3-15. Where Chevrolet Volt drivers charged their vehicles on workday and non-workdays .................. 3-18
3-16. Battery state of charge (SOC) at the start of Volt charging events during the second quarter
of 2013 ..................................................................................................................................... 3-19
3-17. Battery SOC at the start of Leaf charging events during the second quarter of 2013 .................... 3-19
3-18. Locations of Volt project partners (i.e., black bold font) and the additional 26 utility
partners (i.e., light blue font) ................................................................................................... 3-23
6-1. ChargePoint residential EVSE ............................................................................................................ 6-2
6-2. ChargePoint public EVSE .................................................................................................................. 6-2
6-3. ChargePoint EVSE installation in the San Francisco area ................................................................. 6-3
6-4. Dual-port ChargePoint EVSE ............................................................................................................. 6-3
6-5. Locations and total number of EVSE reporting data as of the end of the ChargePoint Project,
which was December 2013 ........................................................................................................ 6-4
6-6. By reporting period, the graph displays the cumulative number of ChargePoint connectors
that have reported a charge event and energy transfer............................................................... 6-4
6-7. By reporting period, the graph displays the number of ChargePoint America connectors that
reported a charge event and an energy transfer ......................................................................... 6-5
6-8. Average number of charge events reported per reporting quarter for each EVSE connector in
the ChargePoint America Project .............................................................................................. 6-6
6-9. Average energy (kWh) used for each charge event per ChargePoint America Project EVSE
and reporting period................................................................................................................... 6-7
6-10. Average percentage of time the ChargePoint America EVSE had a vehicle connected for
each reporting period ................................................................................................................. 6-7
6-11. Percent of time a vehicle was drawing power from the ChargePoint America EVSE, with
the average by EVSE type each reporting period ...................................................................... 6-8

xii

6-12. Percentage of EVSE reporting data during the October to December 2013 reporting period
by EVSE type ............................................................................................................................ 6-9
6-13. Percentage of charging events during the October to December 2013 reporting period .................. 6-9
6-14. Percentage of electricity consumed during the October to December 2013 reporting period ........ 6-10
6-15. Percentage of time EVSE had a vehicle connected and drawing power ........................................ 6-10
6-16. The two graphs show, by time of day, the percentage of all EVSE with a vehicle connected
to it during the reporting period ............................................................................................... 6-10
6-17. The two graphs show the electricity demand at all EVSE by time of day during the
reporting period ....................................................................................................................... 6-11
6-18. The two graphs show, by time of day, the percentage of residential EVSE with a vehicle
connected to it during the reporting period.............................................................................. 6-11
6-19. The two graphs show the electricity demand at residential EVSE by time of day during the
reporting period ....................................................................................................................... 6-11
6-20. The two graphs show, by time of day, the percent of private commercial EVSE with a
vehicle connected to it during the reporting period ................................................................. 6-12
6-21. The two graphs show electricity demand at private commercial EVSE by time of day during
the reporting period ................................................................................................................. 6-12
6-22. The two graphs show, by time of day, the percent of public EVSE with a vehicle connected
during the reporting period ...................................................................................................... 6-13
6-23. The two graphs show electricity demand at public EVSE by the time of day during the
reporting period ....................................................................................................................... 6-13
6-24. Residential EVSE length of time a vehicle was connected and drawing power............................. 6-14
6-25. Public EVSE length of time a vehicle was connected and drawing power .................................... 6-14
6-26. Energy transferred per charge event at residential EVSE............................................................... 6-14
6-27. Energy transferred per charge event at public EVSE ..................................................................... 6-15
7-1. Chevy Volt.......................................................................................................................................... 7-1
7-2. Locations of the Chevy Volt Project partners (black bold font) and the addional 26 utility
partners (light blue font) ............................................................................................................ 7-2
7-3. Number of Volts reporting data to INL during each reporting period ................................................ 7-3
7-4. Volt Demonstration Project mileage accumulation by report period and operating mode ................. 7-4
7-5. Overall fleet fuel economy and electrical energy consumption.......................................................... 7-6
xiii

7-6. Percent distance traveled in each operating mode .............................................................................. 7-6
7-7. Percent distance traveled for city or highway routes .......................................................................... 7-7
7-8. Percent distance traveled for each driving style efficiency ................................................................ 7-8
7-9. Percent distance traveled versus time of day when driving ................................................................ 7-8
-10. Percent of electrical energy delivered versus time of day when charging .......................................... 7-9
7-11. Distribution of battery SOC at the end of driving prior to plugging in ............................................ 7-9
7-12. Distribution of battery SOC at the end of charging prior to driving ............................................... 7-10
7-13. Impact of average distance driven between charge events on percent of total miles driven in
EVM ........................................................................................................................................ 7-11
7-14. Impact of quarterly average ambient temperature on fuel economy in ERM and electrical
energy consumption in EVM ................................................................................................... 7-11
8-1. Chrysler Ram PHEV Demonstration Project vehicle ......................................................................... 8-2
8-2. Locations of Ram PHEV Demonstration Project fleets during the first demonstration phase ........... 8-2
8-3. Number of Ram PHEVs that reported data to INL during Phase 1 .................................................... 8-3
8-4. Ram PHEV Demonstration Project mileage accumulation by reporting period ................................ 8-4
8-5. Number of Ram PHEVs reporting data to INL during each reporting period .................................... 8-5
8-6. Ram PHEV Demonstration Project mileage accumulation by reporting period ................................ 8-6
8-7. Distances driven by operating mode for the Ram PHEVs in Phase 1 ................................................ 8-9
8-8. Trips driven by operating mode for the Ram PHEV in Phase 1 ....................................................... 8-10
8-9. Ram PHEV city and highway trips driven........................................................................................ 8-10
8-10. Gasoline fuel economy by operating mode and drive cycle ........................................................... 8-11
8-11. Electricity use by operating mode and drive cycle ......................................................................... 8-11
8-12. Calculations used to determine the aggressiveness of trips ............................................................ 8-11
8-13. Average trip aggressiveness by operating mode and drive cycle ................................................... 8-12
8-14. Driving aggressiveness impacts on petroleum use ......................................................................... 8-12
8-15. Average trip distances by operating mode and drive cycle ............................................................ 8-13
8-16. Time of day when Ram PHEVs were driven.................................................................................. 8-13

xiv

8-17. Time of day when Ram PHEVs were charged ............................................................................... 8-14
8-18. Time of day when Ram PHEVs were plugged in for charging ...................................................... 8-14
8-19. Percent of drive time when the Ram’s gasoline engine was either stopped, spinning, or
idling ........................................................................................................................................ 8-15
8-20. Percent of miles by operating mode and drive cycle when the Ram’s gasoline engine was
stopped ..................................................................................................................................... 8-15
8-21. Distances driven by operating mode for Ram PHEVs in Phase 2 .................................................. 8-16
8-22. Trips driven by operating mode for the Ram PHEV in Phase 2 ..................................................... 8-17
8-23. Ram PHEV city and highway trips driven ..................................................................................... 8-17
8-24. Gasoline fuel economy by operating mode and drive cycle ........................................................... 8-17
8-25. Electricity use by operating mode and drive cycle ......................................................................... 8-18
8-26. Average trip aggressiveness by operating mode and drive cycle ................................................... 8-18
8-27. Calculations used to determine a trip’s aggressiveness .................................................................. 8-18
8-28. Impacts of driving aggressiveness on petroleum use...................................................................... 8-19
8-29. Average trip distances by operating mode and drive cycle ............................................................ 8-19
8-30. Time of day when Ram PHEVs were driven.................................................................................. 8-20
8-31. Time of day when Ram PHEVs were charged ............................................................................... 8-20
8-32. Time of day when Ram PHEVs were plugged in for charging ...................................................... 8-20
8-33. Percent of drive time when the Ram’s gasoline engine was either stopped, spinning, or
idling ........................................................................................................................................ 8-21
8-34. Percent of miles by operating mode and drive cycle when the Ram’s gasoline engine was
stopped ..................................................................................................................................... 8-21
8-35. Average number of charging events per vehicle per month when driven
(Charges/Vehicle/Month), average distance driven between charging events in miles
(Ave Miles/Charge Event), and average charging energy per vehicle per month AC
kWh (Ave AC kWh/Month) for Phases 1 and 2 ...................................................................... 8-23
8-36. Average number of trips between charging events (Ave # Trips/Charge), average time
charging per charge event in hours (Ave Time/Charge (Hr)), and average energy per
charging event in AC kWh (Ave AC kWh/Charge) for Phases 1 and 2 .................................. 8-24
8-37. Percent of charge events that occurred at AC Levels 1 and 2 during the Phases 1 and 2............... 8-24
9-1. EV Project residential EVSE hung on a residential garage wall ........................................................ 9-3
xv

9-2. EV Project residential EVSE hung on the side of a house ................................................................. 9-4
9-3. EV Project public EVSE in the Seattle, Washington area .................................................................. 9-4
9-4. EV Project commerical EVSE installation in the Oak Ridge, Tennessee area ................................... 9-4
9-5. EV Project EVSE at the parking lot of a fuel station in San Diego, California.................................. 9-5
9-6. EV Project DCFC installation in the Phoenix, Arizona area .............................................................. 9-5
9-7. Locations and total number of EVSE reporting data through the end of The EV Project,
which was December 2013 ........................................................................................................ 9-6
9-8. A temporary construction barrier was placed in front of a Blink AC Level 2 EVSE and a
Blink DCFC ............................................................................................................................... 9-7
9-9. The number of EV Project residential EVSE, commercial EVSE (which includes both public
and private non-residential EVSE), and DCFC cumulatively reporting charge event
data to INL by project week ...................................................................................................... 9-7
9-10. The number of EV Project residential EVSE, public EVSE, private access non-residential
EVSE (i.e., Pri. Non-Res), and DCFC reporting charge event data to INL during each
reporting period ......................................................................................................................... 9-8
9-11. Locations and total number of PEVs reporting data in The EV Project through the end of
The EV Project, which was December 2013 ............................................................................. 9-9
9-12. Cumulative number (#) of PEVs that were deployed and reported data to INL during the
duration of The EV Project ........................................................................................................ 9-9
9-13. Number of PEVs reporting data and included in The EV Project’s quarterly reports .................... 9-10
9-14. Smart Electric Drive Vehicles in the Car2Go fleet parked at an EV Project charging site,
with multiple AC Level 2 EVSE, in San Diego ...................................................................... 9-14
9-15. Overall number of EVSE and DCFC reporting use data by EV Project reporting quarter............. 9-15
9-16. Overall number of EVSE and DCFC charge events by EV Project reporting quarter ................... 9-15
9-17. Overall percentage of all EVSE and DCFC charge events by EV Project reporting quarter ......... 9-16
9-18. Percentage of energy transferred to vehicles reported per period for each EVSE during each
EV Project reporting quarter .................................................................................................... 9-17
9-19. Percentage of energy transferred to vehicles reported per period for each EVSE during each
EV Project reporting quarter .................................................................................................... 9-17
9-20. Percentage of time for individual charging units with a vehicle drawing power from an
EVSE during each EV Project reporting quarter ..................................................................... 9-18
9-21. The length of time in hours per EVSE with a vehicle connected to an EVSE or DCFC
during each EV Project reporting quarter ................................................................................ 9-18
xvi

9-22. The length of time per EVSE, in hours, with a vehicle pulling power from an EVSE or
DCFC unit during each EV Project reporting quarter ............................................................. 9-19
9-23. The average energy transferred per charge event in AC kWh during each EV Project
reporting quarter ...................................................................................................................... 9-20
9-24. The length of time, in hours, with a vehicle connected to an EVSE or DCFC during each
EV Project reporting quarter .................................................................................................... 9-20
9-25. Multiple EV Project AC Level 2 EVSE installed at a department store parking lot ...................... 9-21
9-26. Multiple EV Project AC Level 2 EVSE installed at an office building parking lot ....................... 9-21
9-27. Multiple EV Project AC Level 2 EVSE installed at an office building parking lot ....................... 9-21
9-28. Number of Nissan Leafs providing data to INL during The EV Project, by reporting quarter ...... 9-22
9-29. Number of Leafs reporting operational data during each reporting quarter throughout The
EV Project................................................................................................................................ 9-23
9-30. The percentage of Leafs reporting data by each reporting period compared to the total
number of Leafs reporting data each reporting period during The EV Project ....................... 9-23
9-31. Number of Nissan Leaf trips by reporting quarter for The EV Project .......................................... 9-24
9-32. Number of miles reported as being driven by the Nissan Leafs per each EV Project
reporting quarter ...................................................................................................................... 9-24
9-33. Nissan Leaf drivers’ trip distance profiles by each region for all of The EV Project reporting
quarters .................................................................................................................................... 9-25
9-34. Average distances (miles) the Nissan Leafs were driven each day that they were driven by
reporting period ....................................................................................................................... 9-26
9-35. Average number of trips between charge events that were driven by Nissan Leaf owners in
The EV Project, by reporting period and region ...................................................................... 9-26
9-36. Number of EV Project installed EVSE and DCFC reporting data throughout the duration of
the project per PEV (includes Nissan Leafs, Chevrolet Volts, and Car2Go EVs)
reporting data throughout the duration of the project .............................................................. 9-27
9-37. Average regional distance, in miles, EV Project Nissan Leafs were driven between charging
events ....................................................................................................................................... 9-27
9-38. Number of Chevrolet Volts providing data to INL during The EV Project by reporting
quarter ...................................................................................................................................... 9-28
9-39. Number of Volts reporting operational data during each reporting quarter throughout The
EV Project................................................................................................................................ 9-29

xvii

9-40. Number of Chevrolet Volts reporting data for all EV Project regions during the second
reporting quarter of 2013, which was the quarter with the maximum number of Volts
reporting data ........................................................................................................................... 9-29
9-41. Number of Chevrolet Volts trips by reporting quarter for The EV Project .................................... 9-30
9-42. Number of miles reported as being driven by Chevrolet Volts per each EV Project reporting
quarter ...................................................................................................................................... 9-30
9-43. Average trip distance profiles for Chevrolet Volt drivers by each region for all EV Project
reporting quarters ..................................................................................................................... 9-31
9-44. Average distances (miles) the Volts were driven each day that they were driven by reporting
period ....................................................................................................................................... 9-32
9-45. Average number of trips between charge events by Volt owners in The EV Project by
reporting period and region ..................................................................................................... 9-32
9-46. Distance, in miles, The EV Project Volts traveled between charge events .................................... 9-33
9-47. Percentage of EV Project Volts driven in all electric mode ........................................................... 9-34
9-48. EV Project charging infrastructure reporting, energy used, and charge events annually by
calendar year ............................................................................................................................ 9-34
9-49. Percentage of EV Project EVSE and DCFCs reporting data during 2013 ..................................... 9-35
9-50. Percentage of EV Project charging events reported during 2013 ................................................... 9-35
9-51. Percentage of EV Project electricity consumed during 2013 ......................................................... 9-36
9-52. Percentage of time EV Project EVSE had a vehicle connected and drawing power during
2013 ......................................................................................................................................... 9-36
9-53. The two graphs show, by time of day, the percent of all EV Project EVSE and DCFC with a
vehicle connected to it during 2013 ......................................................................................... 9-37
9-54. The two graphs show, by time of day, The EV Project electricity demand in AC MWh at all
of the EVSE and DCFC during 2013 ...................................................................................... 9-37
9-55. The two graphs show, by time of day, the percent of residential EV Project EVSE with a
vehicle connected to it during 2013 ......................................................................................... 9-38
9-56. The two graphs show, by time of day, the electricity demand in AC MWh at residential EV
Project EVSE during 2013....................................................................................................... 9-38
9-57. The weekday time-connected curve for residential EV Project EVSE in the San Diego area
during 2013 .............................................................................................................................. 9-39
9-58. The weekday electricity demand in AC MWh at residential EV Project EVSE in the San
Diego area by time of day during 2013 ................................................................................... 9-39
xviii

9-59. The length of time a PEV was connected when using EV Project residential EVSE..................... 9-40
9-60. The length of time a PEV was drawing power when using EV Project residential EVSE ............. 9-40
9-61. The energy consumed per charging event when using EV Project residential EVSE .................... 9-40
9-62. The two graphs show, by time of day, the percentage of private non-residential EV Project
EVSE with a vehicle connected to it during 2013 ................................................................... 9-41
9-63. The two graphs show, by time of day, the electricity demand at private non-residential EV
Project EVSE during 2013....................................................................................................... 9-41
9-64. The length of time a PEV was connected when using EV Project private non-residential
EVSE ....................................................................................................................................... 9-42
9-65. The length of time a PEV was drawing power when using EV Project private
non-residential EVSE .............................................................................................................. 9-42
9-66. The energy consumed per charging event when using EV Project private non-residential
EVSE ....................................................................................................................................... 9-43
9-67. The two graphs show, by time of day, the percent of public EV Project EVSE with a vehicle
connected to it during 2013 ..................................................................................................... 9-43
9-68. The two graphs show, by time of day, the electricity demand at public EVSE for The EV
Project during 2013 ................................................................................................................. 9-44
9-69. Length of time a PEV was connected when using EV Project public EVSE ................................. 9-44
9-70. Length of time a PEV was drawing power when using EV Project public EVSE ......................... 9-45
9-71. Energy consumed per charging event when using EV Project public EVSE ................................. 9-45
9-72. The two graphs show, by time of day, the percent of DCFC for The EV Project with a
vehicle connected to it during 2013 ......................................................................................... 9-45
9-73. The two graphs show, by time of day, electricity demand at DCFC for The EV Project
during 2013 .............................................................................................................................. 9-46
9-74. Length of time a PEV was connected when using EV Project public DCFC................................. 9-46
9-75. Length of time a PEV was drawing power when using EV Project public DCFC ......................... 9-47
9-76. Energy consumed per charging event when using EV Project DCFC............................................ 9-47
10-1. VIA Motors eREV VTRUX Van ................................................................................................... 10-1
10-2. Number of VIA Motors vehicles reporting data to INL during each month .................................. 10-2
10-3. Accumulation of miles driven by VIA Motors vehicles ................................................................. 10-3
10-4. Percentage of distance traveled by operating mode for VIA Motors vans ..................................... 10-5
xix

10-5. Percentage of distance traveled by operating mode for VIA Motors pickup trucks ....................... 10-5
10-6. Average EV energy use and ERM fuel economy of VIA vans during driving at different
ambient temperatures. The green EV line scale is the left axis and the blue ERM scale
is the right axis. ........................................................................................................................ 10-6
10-7. Average EV energy use and ERM fuel economy of VIA pickups during driving at different
ambient temperatures ............................................................................................................... 10-6
11-1. GPU (left) and CDU (right) for Blink DCFC ................................................................................. 11-2
11-2. Dual-port Blink DCFC (photo courtesy of Plugshare.com) ........................................................... 11-2
11-3. Number of EV Project DCFC sites by installation cost, shown in thousands of dollars ................ 11-3
11-4. Number of EV Project DCFC sites by installation cost, shown in thousands of dollars ................ 11-4
11-5. Examples of trenching for DCFC electrical conduit and wiring .................................................... 11-5
11-6. Example of one of the least expensive installations ....................................................................... 11-6
11-7. Deployment of DCFCs by state .................................................................................................... 11-12
11-8. DCFC use in San Francisco market .............................................................................................. 11-13
11-9. DCFC use in Seattle market ......................................................................................................... 11-13
11-10. Geographic information system map of DCFC and annual average daily traffic for 2013 ........ 11-14
11-11. Geographic information system map of DCFCs and annual average daily traffic for 2013 ...... 11-15
11-12. Report from data supplied by Blink network from July 1 through December 31, 2013
(source – Advance Vehicle Testing Activity at INL) ............................................................ 11-18
11-13. Report from data supplied by Blink network from July 1 through December 31, 2013
(source – Advance Vehicle Testing Activity at INL) ............................................................ 11-19
11-14. Report from data supplied by Blink network from July 1 through December 31, 2013
(source – Advance Vehicle Testing Activity at INL) ............................................................ 11-20
11-15. Google Earth view of Facebook campus at 12 Hacker Way, Menlo Park, California ............... 11-21
11-16. DCFC charge energy versus time ............................................................................................... 11-23
11-17. APS DCFC peak demand versus charge time ............................................................................ 11-24
11-18. Phoenix small office profile........................................................................................................ 11-25
11-19. Phoenix small office with DCFC charging ................................................................................. 11-25
11-20. Portland small office profile ....................................................................................................... 11-27

xx

11-21. Phoenix full-service restaurant with DCFC profile .................................................................... 11-28
11-22. Portland full-service restaurant with DCFC charging ................................................................ 11-29
11-23. Billable power never exceeds the demand charge tolerance ...................................................... 11-37
11-24. Billable power exceeds the demand charge threshold for duration ‘t’ due to site peak
power demand........................................................................................................................ 11-38
11-25. Duration of the EVSE charge is controlled to allow for full EVSE power, but only for a
shortened duration ................................................................................................................. 11-39
11-26. Blink residential EVSE ............................................................................................................... 11-45
11-27. Circuit breaker panel and space for two circuit breakers to support AC Level 2 EVSE ............ 11-46
11-28. Clear floor and wall access to Blink EVSE ................................................................................ 11-47
11-29. EVSE and service panel near PEV ............................................................................................. 11-47
11-30. Metered circuit dedicated to EV charging and separate whole house electrical service
panel ...................................................................................................................................... 11-48
11-31. TOU second metered circuit ....................................................................................................... 11-48
11-32. Monthly residential EVSE deployment for 2012 and 2013 ........................................................ 11-52
11-33. Average total installation cost by market ................................................................................... 11-53
11-34. Maximum residential installation cost in each market ............................................................... 11-53
11-35. Average permit fee by market .................................................................................................... 11-54
11-36. Permit fee as a percentage of installation cost by market ........................................................... 11-55
11-37. Southern California Edisonhourly system load profile for 2004 ............................................... 11-58
11-38. Southern California Edisonhourly residential load profile for 2004 ......................................... 11-58
11-39. Weekday residential charging availability in Nashville Electric Service territory during the
first quarter of 2013 ............................................................................................................... 11-60
11-40. Weekday residential charging demand in Nashville Electric Service territory during the
first quarter of 2013 ............................................................................................................... 11-60
11-41. Weekday residential charging availability in PG&E territory during the first quarter of
2013 ....................................................................................................................................... 11-61
11-42. Weekday residential charging demand in PG&E territory during the first quarter of 2013 ....... 11-61
11-43. Weekday residential charging availability in PGE territory during the first quarter of 2013 ..... 11-62

xxi

11-44. Weekday residential charging demand in PGE territory during the first quarter of 2013 .......... 11-62
11-45. SDG&E EV-TOU-2 summer schedule [18] ............................................................................... 11-66
11-46. Weekday residential charging availability in San Diego during the second quarter of 2013
[19] ........................................................................................................................................ 11-67
11-47. Weekday residential charging demand in San Diego during the second quarter of 2013
[19] ........................................................................................................................................ 11-67
11-48. SDG&E summer rate schedules ................................................................................................. 11-70
11-49. EVSE event sequence ................................................................................................................. 11-71
11-50. Preference for charge schedule programming ............................................................................ 11-73
11-51. Electric rates self-identified by respondent ................................................................................ 11-73
11-52. Programming medium ................................................................................................................ 11-74
11-53. Ease of programming EVSE unit ............................................................................................... 11-74
11-54. Ease of programming PEV ......................................................................................................... 11-75
11-55. Pad-mounted residential distribution transformer [24] ............................................................... 11-77
11-56. Dynamic residential load profile June/August 2014................................................................... 11-78
11-57. SDG&E residential peak schedule [27] ...................................................................................... 11-78
11-58. EV Project residential locations.................................................................................................. 11-79
11-59. Cluster Site 1 location [30] ......................................................................................................... 11-80
11-60. PEV charging profile for Cluster Site 1 ...................................................................................... 11-81
11-61. Hourly load profile for Cluster Site 1 ......................................................................................... 11-81
11-62. SDGE load profile with Cluster Site 1 ....................................................................................... 11-82
11-63. Cluster Site 2 location................................................................................................................. 11-82
11-64. Hourly load profile for Cluster Site 2 ......................................................................................... 11-83
11-65. Cluster Site 3 location [29] ......................................................................................................... 11-83
11-66. PEV charging profile for Cluster Site 3 ...................................................................................... 11-84
11-67. Cluster Site 4 location................................................................................................................. 11-84
11-68. PEV charging profile for Cluster Site 4 ...................................................................................... 11-85

xxii

11-69. Hourly load profile for Cluster Site 3 with 6.6-kW charging ..................................................... 11-85
11-70. Residential distribution transformer schematic .......................................................................... 11-88
11-71. Pad-mounted residential distribution transformer [31] ............................................................... 11-88
11-72. PG&E hourly residential load profile ......................................................................................... 11-89
11-73. Residential EVSE clusters in the Bay Area ................................................................................ 11-91
11-74. Cluster Site 1 location................................................................................................................. 11-92
11-75. PEV charging profile for Cluster Site 1 ...................................................................................... 11-92
11-76. Hourly load profile for Cluster Site 1 April 2 through 4, 2013 .................................................. 11-93
11-77. Cluster Site 2 location................................................................................................................. 11-93
11-78. PEV charging profile for Cluster Site 2 ...................................................................................... 11-94
11-79. Hourly load profile for Cluster Site 2 June 2 through 5, 2013 ................................................... 11-94
11-80. Cluster Site 3 location................................................................................................................. 11-95
11-81. PEV Charging Profile for Cluster Site 3..................................................................................... 11-95
11-82. Hourly load profile for Cluster Site 3 June 2 through 4, 2013 ................................................... 11-96
11-83. Hourly load profile for Cluster Site 3 with 7.2-kW charging ..................................................... 11-96
11-84. Controlled hourly profile for Cluster Site 3 with 7.2-kW charging ............................................ 11-97
11-85. SDG&E hourly demand.............................................................................................................. 11-99
11-86. Controllable demand situations ................................................................................................ 11-100
11-87. SDG&E residential peak schedule............................................................................................ 11-101
11-88. Residential charging demand for San Diego in the third quarter of 2013 ................................ 11-101
11-89. Charging availability in San Diego for the third quarter of 2013 ............................................. 11-102
11-90. Residential EVSE availability and demand for the third quarter of 2013 ................................ 11-103
11-91. Extrapolated availability and demand ...................................................................................... 11-104
11-92. Average installation cost for publicly accessible EVSE by EV Project market ....................... 11-107
11-93. Number of publicly accessible AC Level 2 EVSE per market for which installation cost
data are available ................................................................................................................. 11-108
11-94. Wall-mounted units as a percentage of all non-residential units deployed .............................. 11-109
xxiii

11-95. Americans with Disability Act -access compliant EVSE installation ...................................... 11-109
11-96. AC Level 2 EVSE charging station at Monti’s la Casa Vieja in Tempe, Arizona ................... 11-111
11-97. Smart ForTwo PEV .................................................................................................................. 11-116
11-98. Growth of Car2Go in The EV Project in San Diego ................................................................ 11-116
11-99. Car2Go percent of vehicles charged at publicly accessible EVSE ........................................... 11-117
11-100. Distribution of connect time per connect event for the fourth quarter of 2013 ...................... 11-118
11-101. Distribution of idle time per connect event for the fourth quarter of 2013............................. 11-118
11-102. Publicly accessible usage by Car2Go vehicles ....................................................................... 11-120
11-103. Car2Go idle time locations ..................................................................................................... 11-120
11-104. PlugShare photo at Site 818 [57] ............................................................................................ 11-121
11-105. Phoenix small office profile.................................................................................................... 11-123
11-106. Phoenix small office with EVSE charging profile.................................................................. 11-124
11-107. Phoenix full service restaurant with EVSE profile ................................................................. 11-125
11-108. Phoenix supermarket with EVSE charging profile ................................................................. 11-125
11-109. Target areas in San Diego are denoted by small gray circles ................................................. 11-128
11-110. Final deployment sites of non-residential AC Level 2 EVSE ................................................ 11-130
11-111. San Diego region of The EV Project ...................................................................................... 11-131
11-112. Normalized PEV attractions master geographic reference areas ............................................ 11-132
11-113. Quarter-mile buffers in San Diego region .............................................................................. 11-133
11-114. Non-residential EVSE installations in the greater Portland area ............................................ 11-135
11-115. Site utilization versus weeks following installation ............................................................... 11-137
11-116. Highest utilized sites ............................................................................................................... 11-138
11-117. PEV drivers’ home locations .................................................................................................. 11-140
11-118. Greater Portland region of The EV Project. ........................................................................... 11-142
11-119. EV Charging station circa 1996. ............................................................................................. 11-143
11-120. EV way-finding signs circa 1996. .......................................................................................... 11-143

xxiv

11-121. Diverse EV sign symbols........................................................................................................ 11-144
11-122. Federal Highway Administration approved symbol ............................................................... 11-146
11-123. EV parking stall with recommended symbol on pavement .................................................... 11-146
11-124. EV parking stall with sign at head of stall .............................................................................. 11-146
11-125. No parking sign ...................................................................................................................... 11-147
11-126. Combination sign .................................................................................................................... 11-147
11-127. SAC ........................................................................................................................................ 11-156
11-128. Deployment installation guidelines ........................................................................................ 11-156
11-129. Projected annual PEV sales in Arizona .................................................................................. 11-157
11-130. Portland density distribution of EVSE ................................................................................... 11-158
11-131. Seattle area Micro-Climate local density map ........................................................................ 11-159
11-132. Federal Highway Administration interim approved symbol .................................................. 11-161
11-133. Energy dispensed during The EV Project that was eligible for California’s LCFS credits .... 11-171
11-134. Megatons of CO2e avoided per quarter during The EV Project per California ARB LCFS
calculations .......................................................................................................................... 11-171
11-135. Cumulative megatons of CO2 averted through use of EV Project charging infrastructure .... 11-171
11-136. Average price paid per LCFS by calendar year ...................................................................... 11-172
11-137. Average price paid for LCFS credits by quarter in 2013 and 2014 ........................................ 11-172
11-138. Rogers adoption/innovation curve [88] .................................................................................. 11-185
11-139. Washington D.C. participant boundary .................................................................................. 11-186
11-140. Gender of EV primary driver .................................................................................................. 11-188
11-141. Gender versus vehicle type by region ..................................................................................... 11-188
11-142. EV driver age by region .......................................................................................................... 11-189
11-143. EV driver age by vehicle type by region ................................................................................ 11-189
11-144. Household income distribution ............................................................................................... 11-190
11-145. Household income by region .................................................................................................. 11-190
11-146. Household income versus vehicle type................................................................................... 11-191
xxv

11-147. Primary driver education ........................................................................................................ 11-191
11-148. Primary driver education versus vehicle type ......................................................................... 11-192
11-149. Driver education by vehicle type by region ............................................................................ 11-192
11-150. Primary driver gender comparison ......................................................................................... 11-193
11-151. Primary driver age comparison ............................................................................................... 11-193
11-152. Household income comparison............................................................................................... 11-194
11-153. Primary driver education comparison ..................................................................................... 11-194
11-154. Rogers adoption/innovation curve [91] .................................................................................. 11-196
11-155. EV purchase motivation ......................................................................................................... 11-198
11-156. Total number of vehicles in the household ............................................................................. 11-198
11-157. Number of households with vehicle types .............................................................................. 11-199
11-158. Percent of responders on vehicle type and number ................................................................ 11-200
11-159. Household primary vehicle ..................................................................................................... 11-201
11-160. Household primary vehicle by vehicle owner ........................................................................ 11-201
11-161. Present day EV use ................................................................................................................. 11-202
11-162. Comments related to present-day EV use ............................................................................... 11-202
11-163. Change in daily miles traveled ............................................................................................... 11-203
11-164. Driving needs met by EV ....................................................................................................... 11-204
11-165. Driving needs met by The EV Project region ......................................................................... 11-204
11-166. Choosing vehicles ................................................................................................................... 11-205
11-167. Choice of vehicle by EV Project region ................................................................................. 11-206
11-168. Replacing the current EV........................................................................................................ 11-207
11-169. Charging needs ....................................................................................................................... 11-210
11-170. Charging needs met ................................................................................................................ 11-210
11-171. Intentions of plugging in......................................................................................................... 11-212
11-172. Regional responses to plugging-in intention .......................................................................... 11-212

xxvi

11-173. Average distance traveled per day in the second quarter of 2013 [97] ................................... 11-213
11-174. AC Level 2 EVSE desired at home ........................................................................................ 11-214
11-175. Importance of incentive in decision ........................................................................................ 11-215
11-176. Importance of incentives by region ........................................................................................ 11-216
11-177. Programming the EVSE and/or EV ........................................................................................ 11-217
11-178. Participation satisfaction with residential charging ................................................................ 11-217
11-179. Availability and use of workplace charging ........................................................................... 11-221
11-180. Availability and use of workplace charging by region ........................................................... 11-221
11-181. Availability and use of workplace charging by vehicle .......................................................... 11-221
11-182. Importance of workplace charging ......................................................................................... 11-222
11-183. Use of publicly accessible charging ....................................................................................... 11-223
11-184. Distribution of vehicle average monthly eVMT and VMT, where each data point in the
distributions represents a single vehicle’s average over the entire study period ................. 11-230
11-185. Distribution of eVMT and VMT per vehicle month, where each data point in the
distributions represents a single vehicle month ................................................................... 11-231
11-186. Median eVMT and VMT per vehicle month over time .......................................................... 11-231
11-187. Percent of charging events performed by location, power level, and time of day .................. 11-236
11-188. Percent of energy charged by location, power level, and time of day .................................... 11-237
11-189. Distribution of the percent of charges performed away from home by each vehicle ............. 11-238
11-190. Occurrence of AC Level 1/AC Level 2 and DCFC charging for groups of vehicles with
different amounts of away-from-home charging ................................................................. 11-238
11-191. Percent of charging events performed by location, power level, and time of day .................. 11-241
11-192. Percent of energy charged by location, power level, and time of day .................................... 11-242
11-193. Distribution of the percent of charges performed away from home by each vehicle ............. 11-243
11-194. Occurrence of AC Level 1 and AC Level 2 charging for groups of vehicles with different
amounts of away-from-home charging ................................................................................ 11-243
11-195. Number of The EV Project Chevrolet Volts by region .......................................................... 11-245
11-196. Histogram of EV% on a per-vehicle basis with cumulative distribution curve ...................... 11-246

xxvii

11-197. Histogram of fuel economy on a per-vehicle basis with cumulative distribution curve......... 11-247
11-198. Average daily driving and charging for each vehicle, with EV% denoted by color............... 11-248
11-199. Average distance driven between charging and average charging energy per charge for
each vehicle, with EV% denoted by color ........................................................................... 11-249
11-200. Distribution of per unit workplace installation costs .............................................................. 11-251
11-201. Comparison of the number of PEV drivers and EVSE at each work site ............................... 11-255
11-202. Work site charging frequency ................................................................................................. 11-255
11-203. Summary of factors influencing workplace charging frequency and observed charging
frequency at the six work sites............................................................................................. 11-258
11-204. Distribution of time parked per day at work ........................................................................... 11-259
11-205. Components of a round-trip commute .................................................................................... 11-259
11-206. Distribution of round-trip commute distance.......................................................................... 11-260
11-207. Common representation of expected EV charging frequency by location ............................. 11-260
11-208. Charging frequency and energy consumption by location for all EV Project Nissan Leafs
in 2012 and 2013 ................................................................................................................. 11-262
11-209: Charging frequency and energy consumption by location for workplace vehicles in 2012
and 2013 .............................................................................................................................. 11-262
11-210. Charging frequency triangle for workplace vehicles drawn to scale ...................................... 11-263
11-211. Charging frequency and energy consumption by location for workplace vehicles on days
when they were parked at work sites ................................................................................... 11-263
11-212. Charging frequency and energy consumption by location for workplace vehicles on days
when they were not parked at work sites ............................................................................. 11-264
11-213. Percent of vehicle workdays in each behavior classification.................................................. 11-266
11-214. Percent of Leafs in each behavior classification ..................................................................... 11-266
11-215. Number of vehicles included in this study ............................................................................. 11-268
11-216. Common representation of expected EV charging frequency by location ............................. 11-269
11-217. Charging frequency and energy consumption by location for all EV Project Chevrolet
Volts in 2013 ....................................................................................................................... 11-270
11-218. Charging frequency and energy consumption by location for workplace vehicles in 2013 ... 11-270
11-219. Charging frequency triangle for workplace vehicles drawn to scale ...................................... 11-271
xxviii

11-220. Charging frequency and energy consumption by location for workplace vehicles on days
when they were parked at work sites ................................................................................... 11-271
11-221. Charging frequency and energy consumption by location for workplace vehicles on days
when they were not parked at work sites ............................................................................. 11-272
11-222. Typical accessible parking space ............................................................................................ 11-273
11-223. EV charging only sign ............................................................................................................ 11-275
11-224. EV Project AC Level 2 EVSE ................................................................................................ 11-276
11-225. EV Project DCFC ................................................................................................................... 11-277
12-1. AC Level 2 EVSE sites categorized by their primary venue .......................................................... 12-5
12-2. Distribution of average charging events per week per site ............................................................. 12-5
12-3. Distribution of average energy used per week per site ................................................................... 12-6
12-4. The number of DCFC sites per primary venue ............................................................................... 12-7
12-5. Distribution of average charging events per week per site ............................................................. 12-8
12-6. Distribution of average energy used per week per site ................................................................... 12-8
12-7. Average number of charge events per site per week ...................................................................... 12-9
12-8. Average number of charge events per site per week ...................................................................... 12-9
12-9. Frequency distributions of a number of charging events per cord or outlet per work day for
different charge power levels................................................................................................. 12-14
12-10. Frequency distributions of time AC Level 1 outlets and AC Level 2 cords were connected
to a vehicle per charging event .............................................................................................. 12-14
12-11. Frequency distributions of time AC Level 1 outlets and AC Level 2 cords transferred
power to a vehicle per charging event ................................................................................... 12-15
12-12. Percentage of charging events ending with a full battery for charging events of varying
length ..................................................................................................................................... 12-16
12-13. Distribution of energy consumed per charging event by charge power level............................. 12-18
12-14. Percent of time ChargePoint EVSE had their AC Level 1 outlet, AC Level 2 cord, or both
in use ...................................................................................................................................... 12-18
12-15. Distributions of average power per charging event for AC Level 1 and AC Level 2
charging ................................................................................................................................. 12-19
12-16. Distribution of average power per charging event for the DCFC ............................................... 12-19

xxix

12-17. Distribution of energy consumed per charging event for AC Level 2 charging events with
average power between 1.8 and 2.2 kW ................................................................................ 12-20
12-18. Distributions of time connected and time transferring power per charging event for AC
Level 2 charging events with average power between 1.8 and 2.2 kW ................................. 12-21
12-19. Distribution of energy consumed per charging event for AC Level 2 charging events with
average power between 2.8 and 3.3 kW ................................................................................ 12-21
12-20. Distributions of time connected and time transferring power per charging event for AC
Level 2 charging events with average power between 2.8 and 3.3 kW ................................. 12-22
12-21. Distribution of energy consumed per charging event for AC Level 2 charging events with
average power between 3.3 and 3.8 kW ................................................................................ 12-23
12-22. Distributions of time connected and time transferring power per charging event for AC
Level 2 charging events with average power between 3.3 and 3.8 kW ................................. 12-23
12-23. Distribution of energy consumed per charging event for AC Level 2 charging events with
average power of 5.6 kW or greater ...................................................................................... 12-23
12-24. Distributions of time connected and time transferring power per charging event for AC
Level 2 charging events with average power of 5.6 kW or greater ....................................... 12-24
12-25. Distribution of usage frequency of DCFCs on the West Coast Electric Highway ..................... 12-26
12-26. Usage frequency of DCFCs on the West Coast Electric Highway ............................................. 12-26
12-27. Away-from-home Nissan Leaf parking locations during outings were added to the map
showing DCFC usage frequency ........................................................................................... 12-28
12-28. Histogram of median outing distance for DCFCs used during 30 or more outings by
Nissan Leafs in The EV Project............................................................................................. 12-28
12-29. Stars of varying size were added to the map in Figure 12-26 to denote median outing
distance of EV Project Leafs when using DCFCs on the West Coast Electric Highway ...... 12-29
13-1. Total deployment locations for The EV Project and the ChargePoint America Project................. 13-2
13-2. Locations of the 10 most EV friendly cities in the United States per ChargePoint ........................ 13-2
13-3. Percentage of total miles driven by trip distance and operating mode for Volts operated by
commercial drivers .................................................................................................................. 13-4
13-4. Percentage of total miles driven by trip distance and operating mode for Volts operated by
private EV Project drivers ....................................................................................................... 13-5
13-5. Battery SOC for Volts in commercial fleets at the start of charge events ...................................... 13-5
13-6. Battery SOC for Volts driven by the general public at the start of charge events .......................... 13-6
13-7. Battery SOC for Volts in commercial fleets at the end of charge events ....................................... 13-6
xxx

13-8. Battery SOC for Volts driven by the general public at the end of charge events ........................... 13-7
13-9. Battery SOC at start of Leaf charge events..................................................................................... 13-8
13-10. Battery SOC at the end of the Leaf charge events ........................................................................ 13-9
13-11. Battery SOC at start of Volt charge events ................................................................................... 13-9
13-12. Battery SOC at the end of Volt charge events ............................................................................ 13-10
13-13. EV Project EVSE utilization ...................................................................................................... 13-10
13-14. ChargePoint America EVSE utilization ..................................................................................... 13-11
13-15. EV Project charging weekday residential EVSE connection profile .......................................... 13-11
13-16. ChargePoint America charging weekday residential EVSE connection profile ......................... 13-11
13-17. EV Project power transfer weekday residential EVSE profile ................................................... 13-12
13-18. ChargePoint America power transfer weekday residential EVSE profile .................................. 13-12
13-19. EV Project distribution of length of time with a vehicle connected at residential EVSE........... 13-13
13-20. ChargePoint America distribution of length of time with a vehicle connected at residential
EVSE ..................................................................................................................................... 13-13
13-21. EV Project residential EVSE distribution of length of time with a vehicle drawing power
per charge event ..................................................................................................................... 13-14
13-22. ChargePoint America residential EVSE distribution of length of time with a vehicle
drawing power per charge event ............................................................................................ 13-14
13-23. EV Project distribution of AC energy (kWh) consumed per charging event at residences ........ 13-15
13-24. ChargePoint America distribution of AC energy (kWh) consumed per charging event at
residences............................................................................................................................... 13-15
13-25. EV Project weekday public EVSE percent of charging units with a vehicle connected. ........... 13-16
13-26. ChargePoint America weekday public EVSE percent of charging units with a vehicle
connected ............................................................................................................................... 13-16
13-27. EV Project weekday public EVSE aggregate demand ............................................................... 13-16
13-28. ChargePoint America weekday public EVSE aggregate demand .............................................. 13-17
13-29. EV Project distribution of length of time with a vehicle connected at public EVSE ................. 13-17
13-30. ChargePoint America distribution of length of time with a vehicle connected at public
EVSE ..................................................................................................................................... 13-18

xxxi

13-31. EV Project public EVSE distribution of length of time with a vehicle drawing power per
charge event ........................................................................................................................... 13-18
13-32. ChargePoint America public EVSE distribution of length of time with a vehicle drawing
power per charge event .......................................................................................................... 13-19
13-33. EV Project distribution of AC energy (kWh) consumed per charging event at public EVSE ... 13-19
13-34. ChargePoint America project distribution of AC energy (kWh) consumed per charging
event at public EVSE ............................................................................................................. 13-19
14-1. Overview of the vehicle and charging infrastructure data collection and report generation
process used for ARRA projects.............................................................................................. 14-2
14-2. Work flow process for vehicles and charging infrastructure in the ARRA projects ...................... 14-2
14-3. Overview of security used for ARRA data at INL ......................................................................... 14-4

7$%/(6
3-1. EV Project Leaf and Volt annual miles and annual EV miles traveled during 2012 and 2013 .......... 3-4
3-2. Tendency of Leaf and Volt drivers to charge away from home and the daily driving distance
associated with these tendencies ................................................................................................ 3-6
3-3. Frequency of PEV drivers to charge away from home ....................................................................... 3-6
3-4. DOE/GM Chevrolet Volt vehicle demonstration results for the entire reporting period of
May 2011 through March 2014 ............................................................................................... 3-23
3-5. Fuel and electricity use, number of trips taken, miles driven, vehicles providing data, and
data collection ranges for the two demonstration phases ........................................................ 3-24
8-1. Plug-in charging statistics for Ram PHEVs during Phase 1 ............................................................. 8-15
8-2. Plug-in charging statistics for Ram PHEVs during Phase 2 ............................................................. 8-22
9-1. Timeline of significant events in The EV Project............................................................................... 9-1
10-1. Summary of VIA Motors vehicle performance in each driving operation mode ........................... 10-4
11-1. Name of host and street address for dual-port DCFCs deployed in The EV Project...................... 11-7
11-2. Report from data supplied by Blink network from July 1 through December 31, 2013
(source: Advance Vehicle Testing Activity at INL) .............................................................. 11-16
11-3. Report from data supplied by Blink network from July 1 through December 31, 2013
(source: Advance Vehicle Testing Activity at INL) .............................................................. 11-17

xxxii

11-4. Report from data supplied by Blink network from July 1 through December 31, 2013
(source: Advance Vehicle Testing Activity at INL) .............................................................. 11-17
11-5. Monthly costs for DCFC and small office .................................................................................... 11-25
11-6. Monthly costs for new DCFC service .......................................................................................... 11-26
11-7. Monthly costs for DCFC and business separately metered on Schedule E-32 S.......................... 11-26
11-8. Small business with DCFC charging Schedule 38 ....................................................................... 11-27
11-9. Small business with DCFC charging Schedule 83 ....................................................................... 11-27
11-10. Monthly costs for Portland small business with separate DCFC service and with different
rate schedules ......................................................................................................................... 11-27
11-11. Phoenix full-service restaurant with DCFC E-32 M .................................................................. 11-28
11-12. Phoenix full-service restaurant on E-32 S .................................................................................. 11-28
11-13. Portland restaurant with DCFC charging Schedule 38 TOU ...................................................... 11-29
11-14. Portland restaurant with DCFC charging Schedule 83 ............................................................... 11-29
11-15. Portland restaurant with separate service.................................................................................... 11-30
11-16. APS rate schedules for commercial customers ........................................................................... 11-31
11-17. PGE rate schedules for commercial customers........................................................................... 11-32
11-18. Demand charge scenarios ........................................................................................................... 11-34
11-19. ECOtality North America site demand data for 15-minute interval ........................................... 11-40
11-20. Method 3 scenarios and costs per vehicle................................................................................... 11-41
11-21. Average permit cost .................................................................................................................... 11-56
11-22. Average total installation cost .................................................................................................... 11-56
11-23. Percent of plug-in events by each EV Project region ................................................................. 11-72
11-23. AC Level 2 EVSE installed, cost data available, and percentage of those installed with cost
data for analysis ................................................................................................................... 11-106
11-24. Charge characteristics during the first quarter of 2013............................................................. 11-118
11-25. Charge characteristics during the fourth quarter of 2013 ......................................................... 11-119
11-26. Car2Go comparison 2012 and 2013 ......................................................................................... 11-119
11-27. Publicly accessible EVSE sites with high Car2Go idle times .................................................. 11-120
xxxiii

11-28. APS rate schedules for commercial customers ......................................................................... 11-127
11-29. Number of EVSE per site ......................................................................................................... 11-129
11-30. EVSE installations per site ....................................................................................................... 11-135
11-31. EVSE deployment in predicted utilization zones ..................................................................... 11-135
11-32. Utilization at predicted zones as measured in average and maximum connection events per
week ..................................................................................................................................... 11-136
11-33. Sites of low utilization .............................................................................................................. 11-136
11-34. Highest utilized sites ................................................................................................................. 11-138
11-35. Lowest utilized EVSE .............................................................................................................. 11-139
11-36. EVSE circuit ratings ................................................................................................................. 11-161
11-37. Total number of vehicles, monthly miles driven, monthly eVMT, and monthly miles
driven with gasoline for the two PEV models driven by general public drivers in The
EV Project............................................................................................................................ 11-167
11-38. Monthly eVMT is used to calculate the equivalent annual eVMT ........................................... 11-167
11-39. PEV and equivalent ICE vehicle use of fuel developed and used for DOE’s eGallon
calculator ............................................................................................................................. 11-167
11-40. Annual gasoline gallons saved each year by vehicles in The EV Project ................................ 11-168
11-41. Annual gallons of gasoline saved annually by driving a PEV .................................................. 11-168
11-42. Annual gallons of gasoline 183,171,882 total short-wheel base, light-duty vehicles in the
United States ........................................................................................................................ 11-169
11-43. State and national electricity production emission rates ........................................................... 11-176
11-44. Emissions for 100 miles of travel in Nissan Leaf for each state and the nation ....................... 11-178
11-45. Avoided emissions for 100 miles of Nissan Leaf driving for each state and the nation ........... 11-179
11-46. Multiplication factor for avoided emissions for each state and the nation ............................... 11-179
11-47. Total and per capita emissions avoided for residents of each state and the nation ................... 11-180
11-48. State and national annual EV fuel savings (May 1, 2012)........................................................ 11-182
11-49. Regional Participation in The EV Project................................................................................. 11-187
11-50. Survey Responses by Region.................................................................................................... 11-187
11-51. Regional participation in The EV Project ................................................................................. 11-196
xxxiv

11-52. Survey responses by region ...................................................................................................... 11-197
11-53. EV purchase motivation ........................................................................................................... 11-198
11-54. Number of vehicles in household by type ................................................................................ 11-199
11-55. Change in owner miles driven .................................................................................................. 11-203
11-56. Other comments on choice of vehicle ...................................................................................... 11-205
11-57. Regional participation in The EV Project ................................................................................. 11-208
11-58. Survey responses by region ...................................................................................................... 11-209
11-59. Segmented responses to charging needs met ............................................................................ 11-211
11-60. Comments related to home charging intentions ....................................................................... 11-214
11-61. Comments on why respondent would not have purchased a home AC Level 2 EVSE ............ 11-215
11-62. Regional participation in The EV Project ................................................................................. 11-219
11-63. Survey responses by region ...................................................................................................... 11-220
11-64. Workplace charger type ............................................................................................................ 11-222
11-65. Importance of workplace charging versus charging location ................................................... 11-223
11-66. Use of public charging by segmented groups ........................................................................... 11-224
11-67. Away-from-home charging summary ....................................................................................... 11-225
11-68. Participant’s use of public charging ......................................................................................... 11-225
11-69. Comments on increasing public charging................................................................................. 11-226
11-70. Increasing use of public charging comments from high users .................................................. 11-227
11-71. Increasing use of public charging comments from non-users .................................................. 11-227
11-72. Description of The EV Project Leaf and Volt data sets ............................................................ 11-229
11-73. Average monthly total and eVMT ............................................................................................ 11-229
11-74. Values used to create the frequency distributions shown in Figure 11-184 ............................. 11-232
11-75. Values used to create the frequency distributions shown in Figure 11-185 ............................. 11-233
11-76. eVMT/VMT descriptive statistics by month and overall for the distributions whose median
values are depicted in Figure11-186 .................................................................................... 11-234

xxxv

11-77. Average driving and charging metrics of vehicles grouped by percent of charges
performed away from home................................................................................................. 11-239
11-78. Average driving and charging metrics of vehicles grouped by the percent of charges
performed away from home................................................................................................. 11-244
11-79. Overall driving and charging metrics for vehicles in each group of EV% ............................... 11-249
11-80. Average installation costs for EV Project non-residential AC Level 2 EVSE ......................... 11-250
11-81. Maximum and minimum installation costs for EV Project non-residential AC Level 2
EVSE ................................................................................................................................... 11-251
11-82. Number of EV Project vehicles that frequently parked at each work site ................................ 11-253
11-83. Miles enabled by workplace charging ...................................................................................... 11-267
11-84. Accessible and van accessible spaces ....................................................................................... 11-274
11-85. Accessible requirements ........................................................................................................... 11-274
11-86. EV accessibility requirements .................................................................................................. 11-277
11-87. EV parking space requirements ................................................................................................ 11-279
12-1. Percentage of weekly charge events per site for the four categories of charging
infrastructure and payment plans ........................................................................................... 12-10
12-2. Summary of EVSE usage by EVSE power level .......................................................................... 12-13
12-3. Summary of EVSE average usage by charge power level............................................................ 12-13
13-1. DOE ARRA charging infrastructure deployments for the 10 most EV friendly cities in the
United States ............................................................................................................................ 13-1
13-2. Data collection results that quantify Volt use in The EV Project’s public and the
commercial fleets ..................................................................................................................... 13-4
13-3. Common analysis results that quantify Volt and Leaf use in The EV Project ............................... 13-8
13-4. Overall length of time with a vehicle connected, energy being drawn, and total energy
transferred at residential AC Level 2 EVSE .......................................................................... 13-12
13-5. Overall length of time with a vehicle connected, energy being transferred, and total energy
transferred at public AC Level 2 EVSE ................................................................................ 13-17





xxxvi

$&521<06
AC

alternating current

ADA

Americans with Disabilities Act

AHJ

authorities having jurisdiction

APS

Arizona Public Service

ARRA

American Recovery and Reinvestment Act

BEV

battery electric vehicle

CARB

California Air Research Board

CCN

Certified Contract Network

CD

charge depleting

CDU

charge dispensing unit

CS

charge sustaining

DBA

Davis-Bacon Act

DC

direct current

DCFC

direct current fast charger

DOE

U.S. Department of Energy

EPA

U.S. Environmental Protection Agency

EPRI

Electric Power Research Institute

EREV

extended-range electric vehicle

ERM

extended-range mode

EV

electric vehicle

EVM

electric vehicle mode

eVMT

electric vehicle miles traveled

EVSE

electric vehicle supply equipment

GHG

greenhouse gas

GM

General Motors

GPU

ground power unit

ICE

internal combustion engine

INL

Idaho National Laboratory

LCFS

low-carbon fuel standard

PEV

plug-in electric vehicle (includes BEVs, EREVs, and PHEVs, but not hybrid electric
vehicles)

PGE

Portland General Electric

PG&E

Pacific Gas and Electric

PHEV

plug-in hybrid electric vehicle
xxxvii

SAC

Stakeholder Advisory Committee

SAE

Society of Automotive Engineers

SCAQMD South Coast Air Quality Management District
SDG&E

San Diego Gas and Electric

SOC

state of change

TOU

time-of-use



xxxviii

 +2:725($'7+,65(3257
This report was designed to document and accomplish the following objectives:
x

Describe the scope and objectives for five American Recovery and Reinvestment Act of 2009
(ARRA) Transportation Electrification projects

x

Describe technologies used in each project

x

Document each projects’ deployment and data collection rates

x

Document how reporting occurred

x

Document results

x

Summarize results

x

Document lessons learned from each project.

In order to read this report in the most expedient and comprehensive manner possible, the report was
primarily sectioned into four parts, with the intent of meeting reader and researcher needs. The four
primary sections are as follows:
1. Executive Summary (Section 3)
Provides the key report takeaway and an overview of all five projects and the outcomes, including
the featured highlight write-up: How Americans Charge Their Plug-In Electric Vehicles
2. Key Findings (Section 4)
-

Provides a succinct summary of lessons learned for the projects, in bulleted lists
3. Individual ARRA Project Descriptions (Sections 5 through 10)
-

Provides detailed descriptions of each project; this generally will only to be read by those seeking
the most detailed information possible without referencing the many hundreds of reports INL has
generated on a per project basis
4. Lessons Learned (Sections 11 and 12)
-

Describes the detailed lessons learned or “take aways” from the projects; this section provides
bulleted lists summarizing information found in Section 4 (i.e., the Key Findings section).
Given the vastness of these projects and the magnitude of U.S. Department of Energy’s (DOE’s)
Office of Energy Efficiency and Renewable Energy’s investment in each project, the reader should be
prepared to first read the Executive Summary and Key Findings section (Section 4). If there is interest in
additional information, then the reader should go to the specific lessons learned or project sections.
-
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INL must first and foremost thank DOE for the faith that DOE placed in INL’s abilities to complete
data accumulation, analysis, and reporting for the largest set of plug-in electric vehicle (PEVs) and
charging infrastructure projects ever successfully undertaken.
The five projects and partners involved must also be acknowledged because they agreed to partner
with DOE and INL, and set up secure data transfer systems after nondisclosure agreements were signed.
Most of the partners had never before shared raw vehicle and charging infrastructure data to this extent.
This sharing of raw data via server-to-server connections spoke well of the partners’ commitments to see
these projects succeed. These data-sharing partners (as follows) are thanked for their individual and group
commitments:
x

ChargePoint America

ChargePoint, Inc.
x Chrysler Ram Plug-In Hybrid Electric Vehicle (PHEV) Pickup
-

Chrysler Group, LLC
x General Motors (GM) Chevrolet Volt
-

General Motors Company
- OnStar, LLC
x The EV Project’s PEV and Charging Infrastructure Demonstration
-

Car Charging Group
- ECOtality, Inc.
- General Motors Company / OnStar, LLC
- Nissan North America, Inc.
- Car2 Go N.A., LLC
x South Coast Air Quality Management District (SCAQMD) PHEV Demonstration
-

SCAQMD
Electric Power Research Institute, Inc. (EPRI)
- Via Motors, Inc.
While not formally part of the listed five projects, other groups should be acknowledged for their
contributions. AeroVironment and the New York State Energy Research and Development Authority
contributed charging infrastructure data several times in order to strengthen the charging infrastructure
analysis that INL conducted. Both organizations recognized the significance of the analysis being
conducted and the importance the results would have for industry. In addition, the states of Oregon and
Washington also made various contributions that strengthened INL’s analysis.
-
-

INL would like to acknowledge and thank DOE staff and the private sector partners for their
numerous contributions and long work hours.

2-1

 (;(&87,9(6800$5<
 )HDWXUHG+LJKOLJKW+RZ$PHULFDQV&KDUJH7KHLU3OXJ,Q
(OHFWULF9HKLFOHV
Widespread adoption of PEVs has the potential to significantly reduce the United States
transportation petroleum consumption and greenhouse gas (GHG) emissions. However, barriers to
adoption remain. One of the most commonly cited barriers is the need for public charging infrastructure
that would allow PEV drivers to recharge their vehicles. Questions include: how many and what kind of
charging stations are needed and where and how often will PEV drivers choose to charge?
To answer these questions, the DOE launched the following five ARRA projects:
1. The EV Project
2. ChargePoint America Project
3. Chrysler Ram PHEV Pickup – Vehicle Demonstration
4. GM Chevrolet Volt – Vehicle Demonstration
5. SCAQMD/EPRI/Via Motors PHEVs – Vehicle Demonstration.
The EV Project and the ChargePoint America Project, combined, form the largest PEV infrastructure
demonstration in the world. Between January 1, 2011, and December 31, 2013, these combined projects
installed 17,000 alternating current (AC) Level 2 electric vehicle supply equipment (EVSE) (i.e., 240-volt
charging stations) for residential and commercial use and dual-port direct current (DC) fast chargers
(DCFCs) in 22 regions across the United States. Over 7,800 privately owned Nissan Leafs™ and
Chevrolet Volts and more than 400 Smart ForTwo electric drive vehicles in Car2Go car-sharing fleets
were enrolled in The EV Project.
These projects were not just about
installing charging infrastructure; the
purpose was to study charging
infrastructure use and develop lessons
learned that can be applied to future
deployments of PEVs and charging
infrastructure. To accomplish this, INL
partnered with the Blink Network, ChargePoint, General Motors (GM) and OnStar, Nissan North
America, and Car2Go to collect and analyze data from the electric vehicle charging stations and the PEVs
enrolled in these two projects.
Every PEV owner participating in The EV Project had an EVSE installed in their residence. In return,
the PEV owners gave written consent for researchers to collect and analyze data from their home charging
units and their PEVs. Data also were collected from publicly accessible charging stations installed at a
wide variety of venues in and between metropolitan areas around the United States.
Data collected from vehicles and charging infrastructure over the 3-year project period captured use
profiles for125 million miles of driving and 6 million charging events, providing the most comprehensive
study of PEV and charging usage to-date.
Through partnerships with states, municipalities, electric utilities, local business owners, and
numerous other stakeholders, The EV Project and ChargePoint America Project installed charging
stations in 22 regions across the United States (Figure 3-1).
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Figure 3-1. Areas where public charging infrastructure was installed and vehicles were enrolled in The
EV Project and ChargePoint America Project.



:KDW+DYH:H/HDUQHG"

With gas stations seemingly on every block, it would be logical to expect that a similarly ubiquitous
network of public charging stations would be needed to refuel, or rather, recharge PEVs. However,
charging stations can be installed where gas stations cannot (i.e., at homes, workplaces, and destinations
where PEVs spend a long time parked). The projects installed EVSE and DCFC stations (480 V) in a
wide variety of locations, including homes, workplaces, stores, restaurants, gas stations, and many other
venues, to allow researchers to observe where PEV drivers charge. The primary question about charging
infrastructure placement was: would PEV drivers recharge around town at the nearest charging station,
following the pattern they followed with the gas-powered cars they grew up with or would they adopt a
new refueling paradigm and charge at the few places where they park their cars for the longest periods of
time?
The answer is clear: despite installation of extensive public charging infrastructure, in most of the
project areas, the vast majority of charging was done at home and work. About half The EV Project
participants charged at home almost exclusively. Of those who charged away from home, the vast
majority favored three or fewer away-from-home charging locations, with one or more of these locations
being at work for some drivers.
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This is not to say that public charging stations are not necessary or desirable. Some DCFCS, all of
which were accessible to the public, experienced heavy use, which supported both intra and inter-city
driving. Also, a relatively small number of public AC Level 2 EVSE sites saw consistently high use. This
begs the question: what is it about the small number of highly used charging sites that led to their
popularity?
There was some correlation between public charging location characteristics and utilization. Public
AC Level 2 EVSE installed in locations where vehicles were typically parked for longer periods of time
often were among those used most often. These locations included shopping malls, airports and commuter
lots, and downtown parking lots or garages with easy access to a variety of venues. Also, not surprisingly,
public charging station utilization was higher in regions with higher PEV sales. However, examples of
highly utilized charging sites existed in almost every region and at venues that were not obviously
appealing locations for charging. Conversely, many charging sites in seemingly ideal locations did not
experience much use.
In the end, it was apparent that exact factors that determine what makes a public charging station
popular are predominantly community-specific. More research is needed to pinpoint these local factors.
Nevertheless, the projects demonstrated that a ubiquitous charging network is not needed to support PEV
driving. Instead, charging infrastructure should be focused at home, workplaces, and in public “hot
spots,” where demand for AC Level 2 EVSE or DCFC stations is high.
Naturally, there are exceptions to this rule. There may be reasons for an organization to install public
charging stations, even if they are not used (e.g., attract a certain customer demographic, communicate a
“green” image, or encourage PEV adoption). Additionally, DCFCs along travel corridors were found to
effectively enable long-distance range extension for BEVs. These chargers were not typically used
frequently; therefore, their value is hard to quantify from the perspective of the charger host, but when
they were used, they provided a vital function to the BEV driver.
Regardless of motivation for installing public charging infrastructure, the project found that public
charging stations were more expensive to install than residential and workplace units. Installation costs
also varied widely by region and by venue. This further emphasizes the benefit of focusing the bulk of
charging infrastructure at home, work, and strategic public charging locations.
The projects shed light on other facets of PEV use. It found that public and workplace charging
infrastructure enabled drivers to increase their electric driving range, although most drivers did not charge
away from home frequently. It was also discovered that drivers of the Chevrolet Volt (an extended-range
electric vehicle [EREV]) tended to charge more frequently and to more fully deplete their vehicle’s
battery than drivers of the Nissan Leaf (a BEV). This allowed the overall group of Volts studied to
average nearly as many electric vehicle (EV) mode (EVM) miles traveled as the Leafs in the project.
Finally, based on observed charging patterns, the project found that there were opportunities to use
pricing structures and other policies to manage demand for PEV charging, both in terms of charging
station throughput at charging hot spots and electricity demand on the electric grid during peak and
off-peak periods.
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By focusing on data collected in 2012 and 2013 from over 4,000 Leafs and 1,800 Volts across the
United States, the project provided insights into how PEV early adopters drove and charged their
vehicles.
Volt drivers averaged slightly more miles traveled annually than the 2013 national average, while the
Leafs studied were driven noticeably less than the national average (see Table 3-1).
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Table 3-1. EV Project Leaf and Volt annual miles and annual EV miles traveled during 2012 and 2013.

Average annual vehicle
miles traveled
Average annual EV miles
traveled

Leaf

Volt

National Average4

9,697

12,238

11,346

9,697

9,112

—

Volt drivers averaged only 6% fewer EV miles per year than Leaf drivers, despite having
significantly less battery capacity. There were two reasons for this. First, Volt drivers tended to fully
deplete their batteries prior to recharging, whereas Leaf drivers favored recharging when there was still
capacity left in their batteries. This is an expected difference between pure BEVs like the Leaf and PHEV
vehicles like the EREV Volt, which has a range-extending gasoline engine that allows the vehicle to
continue driving after the traction battery is fully depleted. Second, Volt drivers plugged in more often
than Leafs. Volts were charged an average of 1.5 times per day on the days the vehicle was driven,
whereas Leafs were charged an average of 1.1 times per day on days the vehicle was driven. Much of the
difference between Leaf and Volt charging frequency is attributed to the fact that Volts were charged
more often during the day at the drivers’ residences.
Average driving distance and charging frequency was consistent over time as the number of vehicles
reporting data increased, with only slight seasonal variation. Figure 3-2 shows the seasonal variation in
average monthly distance traveled for the last 15 months of the project. Charging frequency (not shown)
followed the same up-and-down trend.

Figure 3-2. Average monthly vehicle miles traveled varied seasonally, but was otherwise consistent over
time.
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Overall, the Leaf and Volt drivers performed most of their charging at home (Figure 3-3). Nearly all
overnight charging was done at home. Daytime charging was split between home and other locations,
including work.
Over the weekend, the daytime charging preference for both Leafs and Volts shifted slightly from
away-from-home locations to at home. Overnight charging patterns remained the same on weekdays
versus weekend days, with both groups of vehicles averaging a charge nearly every night.


4

Office of Highway Policy Information, Federal Highway Administration, “Highway Statistics 2013-Table VM-1,” January,
2015, www.fhwa.dot.gov/policyinformation/statistics/2013/vm1.cfm.
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Some drivers spread their charging across many locations, but most drivers in the project who chose
to charge away from home had just a few favorite places to charge outside of home (see Figure 3-4).

Figure 3-3. Leaf and Volt drivers performed most of their charging at home.

Figure 3-4. In all, 92% of Volt drivers and 77% of Leaf drivers did most of their away-from-home
charging at three or fewer locations.
In fact, many drivers performed a vast majority of their away-from-home charging at only one
location. On a fleet-wide basis, the charges performed at each vehicle’s favorite away-from-home
charging location made up 82% of Volt charges and 72% of Leaf charges, with much of this being
attributed to workplace charging.
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Both the Leaf and the Volt come with AC Level 1 (110 to 120 V) charging cords. They are also
compatible with AC Level 2 (208 to 240 V) EVSE that use Society of Automotive Engineers (SAE)
J1772-compliant connectors. All Leafs enrolled in the project also were capable of charging using DCFC
with CHAdeMO-compliant connectors. All project participants had an AC Level 2 EVSE installed in
their homes. When charging away from home, they had the option of using any charging equipment
available to them.
For the Volts collectively, about half of the away-from-home charging was done using AC Level 2
EVSE. The other half was AC Level 1 charging using a dedicated charging station or a standard 120-volt
outlet.
For Leafs, 8% of away-from-home charging events were performed using DCFCs. The rest were AC
Level 1 or AC Level 2 EVSE charging.
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Each driver used a different mix of charging equipment types when charging away from home,
depending on their preference and what was available. Some Volt drivers chose only AC Level 1
charging (i.e., 110 to 120-V standard home outlet), others chose a mix of AC Level 1 and AC Level 2
EVSE charging, and some only ever used AC Level 2 EVSE. For Leaf drivers charging away from home
in areas where DCFCs were installed, some chose to only charge using AC Level 1 or AC Level 2 EVSE;
some mixed AC Level 1 EVSE, AC Level 2 EVSE, and DCFC; and a small number of drivers only
charged using DCFCs (see Figure 3-5).

Figure 3-5. Volt and Leaf drivers’ away-from-home preferences for charging equipment.
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PEV drivers who plugged in away from home tended to drive more EV miles (Table 3-2). In fact,
drivers who frequently used away-from-home charging stations averaged 72% more daily miles on
electricity alone than drivers who never charged away from home.
Table 3-2. Tendency of Leaf and Volt drivers to charge away from home and the daily driving distance
associated with these tendencies.
Tendency to Charge
Away from Home

Never

Sometimes5

Frequently6

Most of the Time7

Leaf average daily
driving distance (mi)

25

31

43

32

Volt average daily driving
distance in EVM (mi)

25

29

40

26

However, most drivers did not charge away from home frequently (see Table 3-3); therefore, overall
contribution to EV miles traveled was small.
Table 3-3. Frequency of PEV drivers to charge away from home.
Tendency to Charge Away
from Home
Percent of Leafs
Percent of Volts

Never

Sometimes5

Frequently6

Most of the time7

13%
5%

69%
81%

14%
13%

4%
1%


5

Greater than 0 to 30% of all charging events

6

Greaterthan30to60%ofallchargingevents

7

Greater than 60% of all charging events

3-6

Overall, 20% of the PEVs studied were responsible for 75% of the away-from-home charging, with
much of this away-from-home charging being attributed to workplace charging.



:KDW+DYH:H/HDUQHG$ERXW:RUNSODFH&KDUJLQJ"

A subgroup of project participants was identified that had access to both home and workplace
charging. Consistent with conventional wisdom, Leaf and Volt drivers with access to home and work
charging performed the vast majority of their charging at those locations (see Figure 3-6).

Figure 3-6. Volt (left) and Leaf (right) drivers with access to home and workplace charging performed
nearly all of their charging at those locations.
Considering only days when drivers went to work, the effect is even more pronounced. PEV drivers
performed 98% of their charging events either at home or work and only 2% at other locations. Charging
at work was free for many of these drivers, which may have been one reason why they frequently charged
there.
On weekends and other days when they did not go to work, Leaf drivers averaged 8% of their
charging events at locations other than home and Volt drivers averaged 11% of their charging away from
home. This increased use of public charging on weekends suggests that public charging still plays a role
in these drivers’ travel routines.

5DQJH([WHQVLRQIURP:RUNSODFH
&KDUJLQJWorkplace charging was found to be an effective
range extender, allowing some Leaf owners to drive their Leafs
to work even on days when their round-trip commute exceeded
the vehicle’s range based on home charging alone (see inset).
On days when Leaf drivers had to charge at work in order
to complete their daily commute, workplace charging provided
an average of 15 miles of range extension that was required to
make it home. The entire daily commute on these days, which
averaged 73 miles, arguably was enabled by workplace
charging.
Volt drivers saw similar electric range-extending benefits
from workplace charging. Those with known access to
workplace charging garnered an additional 18.5 miles of EV
driving, on average, from workplace charging on days when
their commute was too far to otherwise complete on electricity
alone. On these days, their round-trip commutes averaged
62 miles, with 57 miles of EV range.
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6% of drivers drove a Leaf to work
even though they could not make it
back home unless they charged at
work.
8% of Leaf drivers could complete
their direct commute without charging
at work, but their routine RQPRVWGD\V
required them to drive additional
distances, which necessitated charging
at work in order to make it home.
40% of Leaf drivers relied on
workplace charging RQDWOHDVWGD\D
PRQWKto complete their daily
commutes.

Leaf and Volt drivers with known access to workplace charging in this study averaged 23% and 26%
higher annual EV miles traveled than the overall group of vehicles in the project, respectively
(see Figure 3-7).

Figure 3-7. Volt and Leaf drivers with access to home and workplace charging drove considerably more
annual EV miles than the overall project averages; their annual electric vehicle miles traveled (eVMT)
exceeded the national average annual vehicle miles traveled.

:RUNSODFH&KDUJLQJDVD6XEVWLWXWHIRU+RPH&KDUJLQJAbout 30% of drivers
only charged at work on most days. This shows that workplace charging could make PEVs viable for
people without access to home charging.

0DQDJHPHQWRI:RUNSODFH&KDUJLQJPEV drivers demonstrated that they adjust
their charging habits based on conditions (e.g., fees and rules for use). Not surprisingly, drivers were less
likely to plug in at work if they had to pay to charge or if they were required to move their vehicle after
charging (and the rule was enforced). However, PEV drivers also showed a willingness to use
communication tools (e.g., an online message board) to coordinate the use of charging stations with other
employees. At the work sites studied, there was also a culture of common courtesy and willingness to
follow local practices (e.g., a driver plugging in a neighboring car after unplugging his/her vehicle). In
many cases, this self-management by employers led to exceptionally high charging station use and an
opportunity for a large number of employees to charge regularly.
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Public AC Level 2 EVSE usage (excluding workplace charging units) was low overall. The median
charging frequency per site was 1.4 charges per week, with 75% of the 2,400 public AC Level 2 EVSE
sites nationwide averaging four or fewer charging events per week. However, popular public AC Level 2
EVSE sites saw very high usage. Well-designed charging sites at retail stores, especially shopping malls,
and parking lots and garages serving multiple venues demonstrated the potential to support from 7 to
11 charges per day.
Of course, charging sites at venues where vehicles are parked for long periods of time (e.g., airports,
ride-share parking lots, or parking lots at public transit stations) should not be measured by the number of
events per week, but rather by the time vehicles spent connected to charging stations in a day or week.
During the two projects, these kinds of sites had vehicles connected for an average of 8.6 hours per charge
cord per day. The average time vehicles were plugged in for each individual charge event ranged from
4 to 42 hours, with a median plug-in time of 22.6 hours per event. These types of locations are potential
candidates for slower, lower cost AC Level 1 charging equipment.
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DCFCs were used much more frequently than most public AC Level 2 EVSE, with a median use
frequency of 7.2 events per week, based on averaging each DCFC’s use over the course of the entire EV
Project. A quarter of the DCFCs averaged over 15 events per week, and one unit averaged 70 events per
week. The most highly utilized DCFCs tended to be located close to interstate highway exits.
Interestingly, these units were used by local vehicles as much or more than they were used to recharge
vehicles traveling on the interstate.
Public charging station usage varied significantly by region, with average utilization rates generally
tracking with regional PEV sales. However, highly utilized individual public charging sites were found in
most regions, proving that public charging station utilization is dependent on local factors. More research
is needed to fully characterize public charging “hot spots” and develop rules of thumb for identifying
public charging locations with potential for high utilization.

+RZ'LG3XEOLF8VDJH&KDQJH2YHU7LPH"As mentioned, overall usage of public
AC Level 2 charging stations was low. However, it slowly increased over the course of the projects, with
usage of ChargePoint units increasing at a faster rate than Blink units on average nationwide (see
Figure 3-8). The cost to use public AC Level 2 charging stations varied from site to site. Most Blink
public AC Level 2 EVSE units charged a fee after September 2012. Many ChargePoint public stations
were free through the end of the project, but the exact number is not known

Figure 3-8. Blink DCFC usage fell dramatically in the middle of 2013, coinciding with the onset of fees
for use, but increased again in the second half of 2014.
Blink DCFCs were initially free and usage increased quickly. However, usage dropped dramatically
when the Blink Network implemented a usage fee in the summer of 2013. Data provided by the Blink
Network after the end of project showed that the average Blink DCFC’s usage bottomed out in early 2014
and then steadily increased, reaching 2.4 charging events per day by the end of 2014.
Prior to the onset of fees, Blink DCFC sessions lasted an average of 19.5 minutes. When the Blink
Network began charging a per-session fee to fast charge, the average time spent charging increased by
20%. Drivers presumably stayed connected longer to get their money’s worth.
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 :KHQ'R7KH\&KDUJH"PEVowners have the option of delaying the start of charging
electronically, allowing them to plug in their PEV at a convenient time but not starting the consumption
of electricity from the grid until later (e.g., when electricity prices are lowest). Project participants could
program either their vehicle or their home charging unit to delay charging. Of those who chose to delay
their charging using these tools, about half programmed their charging unit and half programmed their
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vehicle. Some customers chose to program their charging unit, rather than their vehicle, to avoid needing
to override the vehicle’s charge delay setting when they plug in away from home during the day.
Participants in the project left their vehicles plugged in at home overnight for an average of 12 hours
per charge. The vehicles always required less than 5 hours to fully charge at home using the AC Level 2
EVSE units, and usually only took 1 to 3 hours to charge completely. This means that even though most
vehicles were plugged in each night by 10:00 pm, overnight charging at home typically could feasibly be
delayed until post-midnight when overall demand on the electric grid is the lowest. In fact, many electric
utilities offer reduced home electricity prices during off-peak times to incentivize their customers to shift
electricity consumption off peak. PEV owners in the project in areas where utilities offer cheaper rates at
night showed a willingness to delay charging at home until these off-peak periods. In San Diego, where
the cheapest time to charge was between midnight and 5:00 am, most PEV owners programmed their
charging to start at midnight or 1:00 a.m. (see Figure 3-9).

Figure 3-9. The total power drawn over the course of a day by all EV Project vehicles charging at home
on a typical weekday in San Diego.
The Volt and Leaf both offer a charge scheduling option that allows the owner to tell the vehicle what
time they plan to depart on their next trip. The vehicle chooses what time to start charging, based on how
empty the battery is and how much time it calculates it needs to charge. This “depart-by time” scheduling
function is helpful for the electric grid, because it essentially randomizes the charge start time from
household to household, thus preventing all vehicles from initiating charging at the same time, such as the
start of the off-peak period.
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Installation costs for residential, workplace, and public charging station was documented for the Blink
stations installed in The EV Project. Residential AC Level 2 unit installation cost ranged from a few
hundred dollars to over $8,000. The average residential installation cost was $1,354. This average was
driven up by expensive installations that required upgraded electrical service, which was often necessary
in older homes. Costs varied regionally based on electrician labor wages and permitting fees.
The installation cost of public AC Level 2 charging stations ranged from $600 to $12,660, with an
average cost of $3,108. Cost primarily depended on the distance from the facility’s electrical panel to the
charging station location and varied regionally due to labor costs.
Workplace AC Level 2 charging unit installations averaged $2,223, or 28% less than the average
public AC Level 2 unit cost. This difference was attributed to workplaces having more flexibility in
choosing the locations of their charging stations and the type of equipment to be installed. However,
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employers that installed additional charging stations often found the second round of installations to be
more expensive because the inexpensive locations had been taken by the initial set of charging stations.
Blink DCFC installation costs in the project ranged from $8,500 to over $50,000, with an average
cost of $22,626. This average actually may be artificially low, because installation proposals that
exceeded a spending limit were turned down. Many DCFC installations required the addition of electrical
service to support the DCFC’s 60-kW power rating and requirement for 480-volt, 3-phase power. This
significantly increased the installation cost. As with AC Level 2 units, costs varied regionally, depending
on permitting requirements and labor costs.

 +RZ+DYHWKH)LQGLQJVRI7KHVH3URMHFWV+HOSHG2UJDQL]DWLRQV3URPRWH
RU3UHSDUHIRU3(9$GRSWLRQ"
Project staff had the goal of disseminating as many findings as possible from the projects to help
other organizations in their efforts to accelerate PEV adoption. Researchers at INL were specifically
assigned to regularly publish reports and present results to key government and industry stakeholders. The
following subsections contain some examples of the organizations and efforts that benefitted from the
project.

1DWLRQDO3ROLF\5HFRPPHQGDWLRQVProject researchers provided the National
Research Council of the National Academy of Sciences with numerous presentations and reports to help
them prepare the recently released report, titled “Overcoming Barriers to Deployment of Plug-in Electric
Vehicles.” This 204-page report is the result of an intensive 2-year study conducted by the National
Research Council for DOE and makes recommendations to the federal government and others on actions
to take or avoid to enable adoption of PEVs by the mass market.

6WDWH,QIUDVWUXFWXUH3ODQQLQJ'HFLVLRQVTheCalifornia Air Resources Board
(CARB), the California Energy Commission, and the California Public Utilities Commission solicited
information from project researchers about away-from-home charging observed in The EV Project and
ChargePoint America in California to guide their development of sustainable public charging
infrastructure for the growing number of PEVs in California. The provided information assisted the
California Energy Commission in validating model assumptions used in their statewide PEV
infrastructure plan and ultimately fed into the PEV infrastructure assessment that was presented to the Air
Resources Board in October 2014.
Analysis of data collected from PEVs and charging stations in Washington was performed for the
Washington State Department of Transportation, who incorporated findings of this work into the
Washington State Electric Vehicle Action Plan. The plan details the Washington State Department of
Transportation’s expectations and plans for achieving the Washington governor’s goal of 50,000 PEVs on
the road in Washington State by 2020.

5HJLRQDO(OHFWULF8WLOLW\3ODQQLQJPEV charging patterns were analyzed and
presented to a group of seven Northeast-based electric utilities, referred to as the Regional Electric
Vehicle Initiative. The work analyzed diversity patterns and coincidence of PEV charging with utility
system loads. The utilities requested this information to guide decisions regarding system planning, rate
design, and development of rate/program strategies to mitigate system impacts.

9HKLFOH5HJXODWLRQAs an independent third party, INL performed analysis of PEV
driving data from the project and additional data sets. They presented the results to CARB to support
deliberations between CARB and automakers about the redefinition of zero-emission vehicle credits. A
revision to this regulatory framework applied to cars sold in California (i.e., the largest market in the
United States) would potentially shift billions of research and development dollars at various auto
companies. The study was performed on a data set of 158,000,000 miles from 21,000 vehicles operated
throughout the United States. Eight models from four automakers (i.e., Ford, GM, Honda, and Toyota)
were included.
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2WKHU3DUWQHUVDQG%HQHILFLDULHVAnalysis results and findings published over the
course of the project have been used by a host of other organizations, including standards development
committees, other automakers and electric utilities in the United States and abroad, PEV charging
equipment manufacturers, facilities management companies, PEV advocacy groups, and federal and state
government agencies to inform PEV and charging infrastructure design and deployment decisions,
electricitygrid load forecasting, cost/benefit analyses, and a variety of other endeavors.
Numerous organizations were provided with special reports or presentations to aid their research,
planning, or policy decisions related to electric vehicles design, promotion, and climate change. These
groups include the following:
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x Nashville Electric Service
x National Academy of Sciences Committee
on Overcoming Barriers to EV Adoption
x National Renewable Energy Laboratory
x Oak Ridge National Laboratory
x Oncor Electric Delivery
x Pacific Gas and Electric (PG&E)
x PacifiCorp
x PECO Energy Company
x Portland General Electric (PGE)
x Public Utility District No. 1 of Snohomish
County
x Puget Sound Energy
x Sacramento Municipal Utility District
x Salem Electric
x Salt River Project
x San Diego Gas and Electric (SDG&E)
x Seattle City Light
x Seattle University
x Southern Company
x Tucson Electric Power
x Union of Concerned Scientists
x University of California - Davis Institute
for Transportation Studies
x University of Central Florida
x University of Georgia
x University of Texas Austin
x Vermont Energy Investment Corporation
x Wall Street Journal
x Washington State Department of
Transportation

Argonne National Laboratory
Alabama Power
Arizona Public Service (APS)
CARB
California Energy Commission
Cardiff University, United Kingdom
Center for Climate and Energy Solutions
(formerly the Pew Center on Global
Climate Change)
City of Chattanooga, Tennessee
City of Knoxville, Tennessee
Clinton Foundation – Clinton Climate
Initiative
Colorado State University
Columbia Hospitality
Commonwealth Edison Company
Delaware Valley Regional Planning
Commission
Electric Drive Transportation Association
Energy and Environmental Resources
Group, LLC
Eugene Water & Electric Board
Harvard University
International Energy Agency
Georgia Power
Green Mountain College
London Hydro, Inc.
Los Angeles Department of Water and
Power
Memphis Light Gas and Water
Middle Tennessee Electric Membership
Corporation
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 ,QWURGXFWLRQ
ARRA was an economic package enacted by the 111th United States Congress and signed into law on
February 17, 2009. The primary intent of ARRA was to save and create jobs, including in the areas of
education, health, infrastructure, renewable energy, and transportation electrification. Within the area of
transportation electrification, several PEV and charging infrastructure projects were supported by DOE.
In support of some of these projects, INL was tasked by DOE’s Vehicle Technologies Office (Office of
Energy Efficiency and Renewable Energy) to collect light-duty PEV and charging infrastructure data for
several ARRA projects funded by DOE. INL was also tasked by DOE to sign non-disclosure agreements
with the funded entities; the resulting raw data provided by the entities allowed for the data security,
analysis, and reporting that DOE expected.
Several projects included deployment of EVSE, which safely provide electricity to the PEVs’
onboard chargers; deployment of DCFCs, which are chargers located off-board the vehicle that transfer
power at higher levels and charge the PEV’s battery pack faster; and deployments of PEVs. These
projects represent the largest ever deployment and study of charging infrastructure and grid-connected
BEVs, EREVs, and PHEVs. Collectively, BEVs, EREVs, and PHEVs are known as PEVs. The projects
that collected data, performed analysis, and reported on consisted of the following:
1. ChargePoint America – PEV Charging Infrastructure Demonstration
Consisted of 4,647 ChargePoint EVSE
2. Chrysler Ram PHEV Pickup – Vehicle Demonstration
-

Consisted of 111 PEVs
3. GM Chevrolet Volt – Vehicle Demonstration
-

Consisted of 150 EREVs
4. The EV Project – PEV Charging Infrastructure Demonstration
-

Consisted of 8,228 PEVs, EREVs, and BEVs, as well as 12,356 EVSE and DCFC
5. SCAQMD/EPRI/Via Motors PHEVs – Vehicle Demonstration
-
-

Consisted of 145 PHEV conversions of Chevrolet vans and pickups.

The following sections provide a summary of the high-level results for what was learned across all
projects.

 (93URMHFWDQG&KDUJH3RLQW$PHULFD


%XLOGLQJWKH³/DERUDWRU\´

DOE supported the largest-ever demonstration of PEVs and electric charging infrastructure in The
EV Project and the ChargePoint Project. Data collection and analysis has provided valuable insights to
inform designers of future deployment of PEVs and charging infrastructure. This section provides joint
summaries from both projects.


7KH(93URMHFWThe EV Project deployment included the following:

x

12,000+ residential and public AC Level 2 charging units

x

100+ DCFCs

x

8,000+ PEVs.

Formal EV Project data collection and reporting activities ran from January 2011 until
December 2013. The primary reporting period was every 3 months, with many custom reports generated
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for some of the air quality districts in which The EV Project deployed charging infrastructure and for the
project partners, including the following:
x

Blink

x

Nissan

x

GM/OnStar

x

Car2Go

x

The many electric utilities within whose service territories the charging infrastructure was deployed.


&KDUJH3RLQW$PHULFDThe ChargePoint America Project deployment included 4,600+
residential and public AC Level 2 charging units.
The ChargePoint America Project’s data collection and reporting activities ran from May 2011 until
December 2013. The primary reporting period was every 3 months, with many custom reports generated
for ChargePoint.



(93URMHFWDQG&KDUJH3RLQW$PHULFD'HPRQVWUDWLRQ2EMHFWLYHV

Combined, The EV Project and ChargePoint Project had the following four main objects:
1. Establish a “laboratory” for study (Figure 3-10)
2. Benchmark PEV driving and charging behavior (Figure 3-11)
3. Benchmark infrastructure deployment and usage (Figure 3-12)
4. Understand the impact of PEV charging on the grid (Figure 3-13).

Figure 3-10. Vehicle and charging infrastructure deployment for The EV Project and ChargePoint
America Project.
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When looking at Figure 3-11, the data represent 3 months of collected data in 15-minute increments.
The top blue line is the maximum result during a 15-minute increment during the 3 months. The black
line in the middle of the darker gray area is the median and the grey areas above and below the median
are the 25% quartiles. The bottom green line is the minimum 15-minute increment during the 3-month
reporting period. This type of graphing is true for the connect time and electricity demand profile curves
throughout this report.

Figure 3-11. Example of demand on the electric utility grid for one reporting quarter in 15-minute
increments.

Figure 3-12. Example of an EV Project Nissan Leaf charging at an EV Project DCFC.

3-15

Figure 3-13. Example of charging hot spots (i.e., red\orange) in the greater San Jose area.
While separate subsequent sections are used to document each respective projects’ deployments and
accomplishments later in this report, The EV Project and ChargePoint America Project are combined in
the executive summary because INL researchers found that combining data from the two projects often
gave more complete understanding of PEV drivers’ decisions, especially in regards to how charging
infrastructure was used. Figure 3-10 shows where the PEVs and charging infrastructure for The EV
Project and ChargePoint America Project were deployed.



3URMHFW2XWFRPHV

One objective of The EV Project and ChargePoint Project was to provide defensible, independent
findings for the numerous stakeholders needed to advance the PEV market. These stakeholders included
the following:
x

Automakers

x

Charging equipment manufacturers and service providers

x

Electric utilities

x

Regulators and policy makers

x

Fleet managers

x

Start-up companies (i.e., innovators)

x

Private consumers

x

DOE’s Electric Vehicles Everywhere and other research, development, and demonstration activities.

Using data describing124 million miles and 6 million charging events from over 8,000 PEVs and
17,000 charging stations, INL has been able to provide a comprehensive view of PEVs and charging
usage to-date; summaries of these results are provided in the following subsections.

:KDW:DV/HDUQHGDERXW3XEOLF&KDUJLQJ"Several high-level conclusions can be
drawn, including the following:
x

Although it has been suggested that there is need for extensive public charging infrastructure, most
charging was done at home and work.
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x

Most drivers who charged away from home using AC Level 2 charging units favored three or fewer
locations (including work).

x

Most public AC Level 2 charging stations were rarely used, but a small minority were used
extensively.

x

Instead of having charging stations everywhere, public charging infrastructure needs to be
concentrated at high-use charging hot spots.

Data from The EV Project and ChargePoint America Project were also used to characterize the
existing hot spots and model charging-choice behavior to understand where new infrastructure
deployments should be focused.

&DQ$ZD\)URP+RPH&KDUJLQJ6XSSRUW5DQJH([WHQVLRQ"Several high-level
conclusions can be drawn, including the following:
x

Those drivers that consistently used away-from-home charging infrastructure where able to increase
eVMT up to 72%.

x

Even if they did not need to charge to make it home, PEV drivers tended to drive more EV miles if
they plugged in away from home

x

A limited numbers of BEV drivers could drive 2 to 3 times farther than their single-charge range
using DCFC along travel corridors.

However, most drivers did not charge away from home very often; therefore, the overall benefit to
eVMT was small.

:RUNSODFH&KDUJLQJ Several high-level conclusions about workplace charging can be
drawn, including the following:
x

Workplace charging is highly utilized, sometimes even more so than home charging (Figures 3-14
and 3-15).

Figure 3-14. Where Nissan Leaf drivers charged their vehicles on workdays and non-workdays. This
group of Leafs drivers all had access to workplace charging.
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Figure 3-15. Where Chevrolet Volt drivers charged their vehicles on workday and non-workdays. This
group of Volt drivers had access to workplace charging.
x

Drivers with access to home and workplace charging rarely charged elsewhere.

x

Workplace charging is an effective range extender.

x

Six percent of drivers drove a Leaf to work, even though they could not make it back home unless
they charged at work

x

Forty percent of Leaf drivers at least sometimes relied on workplace charging to allow them to drive
more miles than they could have driven with home charging alone.

x

PEV drivers adjust their charging habits based on conditions (e.g., fees and rules for use).

x

Employers offering workplace charging need to consider their goals and select policies accordingly.


*ULG,PSDFWDQG,QWHJUDWLRQClustering of PEV owners in residential neighborhoods is
happening and will affect local distribution, with some of the following outcomes:
x

Uncontrolled PEV charging at peak demand overlaps periods of high system demand in some areas.

x

The opportunity is ripe for demand-side management using smart charging.

x

Overnight home charging typically took less than 3 hours; however, vehicles were usually connected
for more than 10 hours.

x

Only about 100 PEVs are needed in a utility service area before the number of PEVs connected to the
grid at any given time is consistent and predictable.

x

Money talks, meaning that time-of-use (TOU) rates clearly incentivize PEV drivers to start residential
charging at night during off-peak periods. Drivers responded to TOU rate price signals.

x

Drivers charged less at public charging stations when fees were applied. This is true for both AC
Level 2 and DCFC.

Electric utility and facility managers will be able to manage charging demand through pricing. This
also helps those drivers who truly need to charge to find an available charging station, because drivers are
less likely to recharge in the public domain unless they need to when fees are involved.
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%DWWHU\(OHFWULF9HKLFOHVDQG([WHQGHG5DQJH(OHFWULF9HKLFOHVThe following
list provides data for BEVs and EREVs:
x

The Volt’s average annual vehicle miles traveled (i.e., 12,238 miles) were above the national average
of 11,346 miles.

x

The Leaf’s average annual vehicle miles traveled was 9,697 miles.

x

Volt drivers averaged 9,112 miles per year in EVM, only 6% fewer EV miles per year than Leaf
drivers, despite having less battery capacity.

x

Volt drivers charged more often than Leaf drivers (i.e., Volt 1.5 average charges per day on days
driven versus Leaf 1.1 average charges per day on days driven).

x

Volt drivers tended to more fully deplete their batteries prior to recharging (Figure 3-16), whereas
Leaf drivers tended to recharge with significantly more charge left in their batteries (Figure 3-17).

Figure 3-16. Battery state of charge (SOC) at the start of Volt charging events during the second quarter
of 2013.

Figure 3-17. Battery SOC at the start of Leaf charging events during the second quarter of 2013.
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$QDO\]LQJ3XEOLF&KDUJLQJ9HQXHVOther aspects of location may contribute to an
EVSE site’s popularity (or lack thereof), including the following:
x

A site’s geographic proximity to a large business district or an interstate highway.

x

The general location of the EVSE site (e.g., the part of town, city, or region where it is located) may
also influence its use.

x

The demographics of local drivers or commuting drivers to workplaces and local commercial venues
also contribute.

Defining the “best” location for installation of EVSE is a complex undertaking. Businesses,
government agencies, and other organizations have many reasons for providing EVSE. Their definition of
the “best” location for EVSE varies:
x

Some entities are concerned with installing EVSE where it will be highly used and provide a return
on the investment.
-
-

x
x
x

This return may come in the form of direct revenue earned by fees for EVSE use.
This return may come from indirect return by enticing customers to stay in their businesses longer
while they wait for their vehicle to charge or by attracting the PEV driver customer.
Other organizations have non-financial interests such as supporting GHG or petroleum reductions
or furthering other sustainability initiatives.
Others organizations install EVSE to boost their public brand image.
Employers provide them as a benefit to attract employees.



,PSDFWRI:KR+DV%HQHILWWHGIURP,QIRUPDWLRQ*HQHUDWHGE\86
'HSDUWPHQWRI(QHUJ\,QYHVWPHQWV"

The EV Project and ChargePoint America project results have been used by a host of organizations to
guide decisions in a wide variety of areas related to PEV development and charging infrastructure
deployment. Special reports and presentations were requested by and produced for over 70 organizations,
including the following:
x

Charging station hosts

x

Communications, outreach, and standards development organizations

x

Electric utilities

x

Government agencies and planning organizations

x

Manufacturers and service providers

x

National laboratories

x

Non-government research and planning organizations

x

Universities.



1DWLRQDO5HVHDUFK&RXQFLORIWKH1DWLRQDO$FDGHP\RI6FLHQFHVUHOHDVHGWKH
UHSRUW2YHUFRPLQJ%DUULHUVWR'HSOR\PHQWRI3OXJLQ(OHFWULF9HKLFOHV

x

This 204-page report is the result of an intensive 2-year study conducted by the National Research
Council for DOE and makes recommendations to the federal government and others on actions to
take or avoid to enable adoption of PEVs by the mass market

x

INL provided a presentation and a series of follow-up reports from The EV Project to this National
Research Council report. INL or The EV Project was cited 17 times in the National Research Council
report.
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,PSDFW6WDWH,QIUDVWUXFWXUH3ODQQLQJ'HFLVLRQVCARB, the California Energy
Commission, and the California Public Utilities Commission solicited INL for information regarding
development of sustainable public charging infrastructure for the growing number of PEVs in California.
INL presented analysis results for away-from-home charging observed in PEV charging infrastructure
demonstrations. The provided information assisted the California Energy Commission in validating
model assumptions used in their statewide PEV infrastructure plan and ultimately fed into the PEV
infrastructure assessment presented to CARB in October 2014.

,PSDFW5HJLRQDO(OHFWULF8WLOLW\3ODQQLQJINL analyzed PEV charging and
presented results to a group of seven northeast-based electric utilities, which were called the Regional EV
Initiative (www.revi.net).
x

The work analyzed diversity patterns and coincidences of PEV charging with utility system loads.

x

The utilities requested this information to guide decisions regarding system planning, rate design, and
development of rate/program strategies to mitigate system impacts.

x

The presentation is available to the general public, accessible on the INL/Advanced Vehicle Testing
Activity website at:
avt.inl.gov/pdf/EVProj/DiversityPatterns&CoincidenceOfEVChargingWUtilitySystemLoads.pdf.


,PSDFW9HKLFOH5HJXODWLRQVDQG6DOHVINL performed analysis of PEV driving data
from The EV Project and additional data sets as an independent third party and presented results to CARB
to support deliberations between CARB and automakers about the redefinition of zero-emission vehicle
credits. The results were as follows:
x

A revision to regulations on cars sold in California, which is the largest market in the United States,
would potentially shift billions of research and development dollars at various auto companies.

x

The study was performed by INL on a data set of 158,000,000 miles from 21,000 vehicles operated
throughout the United States. It included eight models from five automakers (i.e., Ford, GM, Honda,
Nissan, and Toyota) were included.

x

INL’s analysis and presentation of results was highlighted in an article from a leading auto industry
news publication, $XWR1HZV www.autonews.com/article/20150328/OEM05/303309999/califconsiders-a-plea-for-plug-in-hybrids.


,PSDFW86'HSDUWPHQWRI(QHUJ\/HDGHUVKLSAnalysis of workplace charging in
The EV Project and ChargePoint America Project led to publication of numerous reports for theEV
Everywhere Workplace Charging Challenge. INL researchers were also able to mine data to identify
140 companies offering charging to employees. This list was provided to DOE to aid efforts to recruit
employers to join the EVEverywhere Workplace Charging Challenge.
The U.S. president’s U.S.-China EV Initiative, launched in 2009, included demonstration projects in
paired cities to collect and share data on charging patterns and consumer preferences. The EV Project and
ChargePoint America Project provided the means for executing this vision. INL hosted a delegation of
Chinese PEV experts for 2 days of discussions that were centered on PEV data collection and analysis.

,PSDFW,QGHSHQGHQW7HFKQRORJ\$VVHVVPHQWOn June 17, 2014, GM issued a
press release announcing that Chevrolet Volt owners have surpassed half a billion electric miles. The
press release included the following reference to EV Project results:
“In an independent study conducted between July and December 2013, Volt
drivers who participated in the Department of Energy’s EV Project managed by
Idaho National Labs totaled 1,198,114 vehicle trips of which 974,692, or 81.4%,
were completed without the gasoline-powered generator being used.”
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,PSDFW6WDWH3ROLF\DQG3ODQQLQJINL provided the Washington State Department
of Transportation with analysis results from data collected from PEVs and charging stations in
Washington. The Washington State Department of Transportation incorporated these lessons learned into
the Washington State EV Action Plan. The plan details the Washington State Department of
Transportation’s expectations and plans for achieving the Washington governor's goal of 50,000 PEVs on
the road in the state by 2020.



5HFRPPHQGDWLRQVIRU6XSSRUWLQJ0DUNHW*URZWK

Based on PEV driver behavior and preference for charging beyond their residences, the following
recommendations can be made:
x

Continue to promote workplace charging and consider ways to incentivize it

x

Identify public AC Level 2 charging hot spots and where PEV drivers tend to park their vehicles at
public venues as a guide to future charging infrastructure deployments

x

Continue to analyze DCFCs, especially along travel corridors, to determine the cost/benefit of
installing charging infrastructure

x

Continue work to understand consumer mindset, especially how households with multiple vehicles
use all of their vehicles to meet their travel needs.

 86'HSDUWPHQWRI(QHUJ\*HQHUDO0RWRUV&KHYUROHW9ROW
9HKLFOH'HPRQVWUDWLRQ
The DOE and GM demonstration of Chevrolet Volts resulted in placement of 150 Volts in public
utility fleets throughout the United States and Canada (Figure 3-18).
The reporting period ranged from the first May to June 2011 report through the final January to
March 2014 report. The primary reporting method was quarterly reports, starting with the July to
September 2011 period.
The Volts have two operating modes; they are classified as follows:
x

EVM operation (i.e., electric vehicle mode)

x

ERM operation (i.e., extended range mode).

It should be noted that the results for the 150 Volts were broken down and reported by the EVM and
ERM mode, as well as an “all operations” category, which includes both EVM and ERM operations.
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Figure 3-18. Locations of Volt project partners (i.e., black bold font) and the additional 26 utility partners
(i.e., light blue font).



86'HSDUWPHQWRI(QHUJ\*HQHUDO0RWRUV&KHYUROHW9ROW9HKLFOH
'HPRQVWUDWLRQ5HVXOWV

Over the entire data collection period, which totaled 66,572 days of driving, the fleet’s overall
average gasoline fuel economy was 67.5 mpg and the overall average AC electric energy consumption
was 167 AC Wh/mi.
Over the entire data collection period, the AC electric energy consumption when operating in EVM
was 358 AC Wh/mi and no gasoline was used when the Volts were operated in EVM. The fuel economy
when operating in ERM was 36.1 mpg and no net electricity from the grid was used. Table 3-4 gives the
overall results for the entire demonstration period of May 2011 through March 2014, when the 150 Volts
were operated for 3.8 million miles.
Table 3-4. DOE/GM Chevrolet Volt vehicle demonstration results for the entire reporting period of
May 2011 through March 2014.
Combined All
Operations
EVM
ERM
Overall mpg
67.5
NA
36.1
Overall AC Wh/mile
167
358
NA
Total distance traveled (miles)
3,837,911
1,787,554
2,050,357
Percent of total distance
100%
46.6%
53.4%
NA – not applicable

It should be noted that the Volts in The EV Project where recharged much more often that the
150 Volts in the electric utility fleets. It should also be noted that The EV Project Volts driven by the
general public generally averaged greater than 120 mpg each reporting quarter. Because The EV Project
Volts were plugged in more often, they had many more EVM miles, which contributed to the higher mpg
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for The EV Project Volts. The DOE demonstration Volts, even with their lower EVM miles, still achieved
67.5 mpg, which far exceeds the 54.5 mpg requirement for CAFÉ standards in 2025.

 &KU\VOHU5DP3OXJ,Q+\EULG(OHFWULF9HKLFOH'HPRQVWUDWLRQ
There were two phases for the data collection effort. Chrysler ended up having a first phase of
111 Ram PHEVs deployed in 17 fleets in the United States. The second phase, with a traction battery
from a different manufacturer than during the first demonstration phase, saw 22 Ram PHEVs deployed in
seven U.S. fleets.
The Ram PHEV was a unique PHEV platform with its 345-hp gasoline engine and two 65-kW
electric motors, which provided a total system output of 399 hp. The vehicle had a significant payload and
towing capacity, which is a PHEV segment where there have been few choices.
Between the two phases, INL reported performance data from July 2011 through September 2014,
with a break between the two phases (Table 3-5). Data were reported for several types of operation
modes, including the following:
x

All trips combined

x

Trips in charge-depleting (CD) mode

x

Trips in both CD/charge-sustaining (CS) modes

x

Trips in CS mode.

Table 3-5. Fuel and electricity use, number of trips taken, miles driven, vehicles providing data, and data
collection ranges for the two demonstration phases.

Fuel Economy
(mpg)
DC/Wh/Mile
Total Number
of Trips
Total Distance
(miles)
Number to
Total Rams
Data Collection
Period

Phase 1
All Trips
19

Phase 1
CD
Mode
23

Phase 1
CD/CS
Mode
21

Phase 1
CS Mode
17

Phase 2
All
Trips
20

Phase 2
CD Mode
25

Phase 2
CD/CS Mode
21

Phase 2
CS
Mode
16

61
111,773

213
42,155

68
11,855

NA
57,763

87
19,715

201
7,317

67
2,955

NA
9,443

1,039,138

230,741

244,232

564,843

250,478

57,219

68,544

122,956

111

22

July 2011 to September 2012

November 2013 to September 2014

The difference in the number of vehicles in each demonstration phase may make comparing the
results difficult because ambient temperatures, fleet applications, and locations may have had an impact
on gasoline fuel economy and DC Wh per mile. Regardless, this was a first-of-a-kind PHEV in this
vehicle class from an original equipment manufacturer and the petroleum fuel efficiency was notable for a
vehicle of this payload, towing capacity, and features. Chrysler has stated that the new technologies they
demonstrated in this project are and will continue to be introduced into new vehicle products.

 6&$40'(35,9LD0RWRUV'HPRQVWUDWLRQ
During the SCAQMD (South Coast Air Quality Management District)/EPRI/VIA Motors
Demonstration Project, VIA deployed a total of 145 VTRUX eREVs (note that Via Motors uses a lower
case “e” for EREV) pickup trucks and vans to government and utility fleets throughout the United States.
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Information on specific fleets and users was not made available to INL as a part of the data collection
effort. EPRI was responsible for instrumentation of data acquisition equipment, data collection, and
transmission of data to INL for analysis and reporting.
The primary objective of the SCAQMD/EPRI/VIA demonstration was to gather data and produce
reports on the performance of the eREV pickup trucks and vans.
INL analyzed data from the 145 VIA Motors vans and pickups that were collected from December
2014 through June 2015. The data were not received at INL until shortly before this report was written,
which only allowed for a brief analysis period. A summary report will be published (http://avt.inl.gov/),
which will detail the fuel efficiencies and usage of the pickups and vans.
Over the data collection period, the data benchmarked more than 56,000 VIA van miles and
13,000 VIA pickup miles. Over these miles, the vans had an overall gasoline fuel economy of 16.5 mpg
and electrical energy consumption of 126 DC Wh/mile, while the pickups had overall fuel economy of
18.4 mpg and electrical energy consumption of 72 DC Wh/mile. It is important to remember when
considering these results that due to issues with data logging and collection, these results represent only a
subset of the total driving performed by vehicle users. Additional metrics will be analyzed to further
understand vehicle performance and driver behavior.
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These key findings are based on the lessons learned results from the ARRA research projects
described in this report. Note that these findings should not be considered representative of how every
PEV and EVSE is used in the United States. However, collectively, the projects and the results represent
the largest instrumented sample and resulting performance science of PEVs and EVSE that ever provided
data for analysis. The analysis results can be used to guide decisions about where to install future PEV
charging infrastructure. Therefore, these key findings are likely the best basis for making decisions about
how, where, and when future charging infrastructure should be deployed.
The key findings are provided by subject area and mostly result from The EV Project work. However,
some key findings are based on a combination of ARRA projects.

 6XPPDU\(93URMHFW/HVVRQV/HDUQHG
 (93URMHFW'LUHFW&XUUHQW)DVW&KDUJHUV
What were the Cost Drivers for the DCFC Installations
The cost drivers for DCFC installations were as follows:
x Hardware design
x Functionality (the more functionality added, the higher the hardware costs):
 If more than one port or cord set is added
 If a large screen is added for advertising
x High power rating
x Two parking places dedicated for EV charging
x Materials
x Administration
x Ground surface conditions
x Electrical service upgrade
x Surface material under which electrical wiring/conduit was installed
x Distance from the electrical power source to the DCFC ground power unit (GPU) if a
two-unit design was used
x Distance from the GPU to the charge dispensing unit (CDU)
x Permit and engineering drawings.
DCFC installation costs for The EV Project were as follows:
x Average cost $23,662
x Median cost $22,626
x Minimum $8,500
x Maximum $50,820.
What Location Factors Did Highly Utilized DCFCs Have in Common
x The most highly utilized DCFCs in The EV Project were located in the metropolitan areas
of Seattle and San Francisco.
x The metropolitan areas of San Francisco and Seattle represent two of the top five U.S. sales
markets for the Nissan Leaf.
x The top 10% of the most highly utilized DCFCs in The EV Project averaged 40 fast
charges per week.
x The most utilized DCFC stations were located along major commuter routes within the
major metropolitan areas.
x Many of the highly utilized DCFCs were located near or associated with high-tech
employers.
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x Regarding the location of the most highly utilized DCFCs in The EV Project, there is a
greater likelihood that a DCFC will be highly utilized if its location exhibits all of the
following location-based characteristics:
 Within a half mile of a major commuter route
 On or near the campus of a company with a highly compensated workforce, where it
can function as both workplace and publicly accessible recharging resource
 It is in a welcoming location (i.e., not too closely associated with the host).
What is the Impact of Utility Demand Charges on a DCFC Host
x Demand charges associated with the 50 to 60-kW high-power charging of a DCFC can
have a significant impact on a business’ monthly electric utility bill.
x The business owner will need to choose whether to power the DCFC on the original
business service electrical supply or provide separate service to the DCFC.
x Detailed analysis of potential costs and electric utility rate schedule options to determine
the optimal rate schedule for a DCFC site is important and should be conducted in
consultation with the electric utility.
x Some electric utilities provide rate schedules for commercial customers without imposing
demand charges. When demand charges are imposed by utilities, they can cause monthly
utility bill to increase by as much as four times.
x DCFC site hosts may be compensated for the energy used in DCFC charging by access or
use fees imposed on PEV drivers in those states that allow energy billing; however, demand
charges are typically uncompensated and can be significant.
x The host’s monthly DCFC demand charge is based on the single highest power required by
the DCFC during the month, regardless of the number of charge events in the month. A
higher number of PEV charges in a month can reduce the average demand charge cost per
PEV charge.
DCFC – Demand Charge Reduction
x Demand charges are levied by the utility, typically for commercial properties, for peak
power used during a billing cycle, regardless of the amount of energy drawn at this power
rate.
x Demand charges can add significantly to the utility bill for an EVSE host and can make
EVSE hosting cost prohibitive.
x In order to determine the best method for reducing demand charge, the first step is to verify
the following parameters for a given location:
 What is the expected peak demand of the site owner in a billing period? Over how
much of the 15-minute interval does the peak demand span?
 What is the average site demand?
 What is the utility rate structure? Is there a yearly maximum average power demand
charge in addition to the billing cycle maximum average power demand charge?
 What is the demand charge tolerance?
x Once the above parameters are specified, the next step is to choose from the possible
methods for reducing the demand charge. The six methods that have been identified are:
 Never allow the overall site power demand to exceed a specified value.
 Attempt to ensure the average power over the interval is less than or equal to a
specified value.
 Attempt to recoup the demand charge cost through structured pricing for EVSE
charging.
 Add an energy storage system that buffers the EVSE unit from high-power demands
during charging.
 Aggregate demand among multiple EVSE installations into one demand charge
4-2

calculation, taking advantage of the diversity that may exist in individual unit usage.
 Provide demand response capability to the utility to either offset or circumvent demand
charges.



(93URMHFW(OHFWULF9HKLFOH6XSSO\(TXLSPHQW

What Were the “Best Practices” Identified for Residential Charger Installations
x Although at the outset of The EV Project the local permitting authority having jurisdiction
(AHJ) typically did not have a permit designation for installation of residential EVSE,
many were quick to implement a unique permit for EVSE and introduced simple online or
self-inspection processes.
x Installation of separate, metered electric service for PEV charging, as implemented in some
EV Project electric utility service areas, eliminated the need to upgrade the homeowner’s
electric service panel.
x EV Project personnel met with the local AHJ in many of the project study markets prior to
installation of the first EVSE in order to educate them about The EV Project and gain their
support. This helped speed up permit application reviews and maintain the project’s
installation schedule.
x The primary features of an “ideal” residential installation include the following:
 Utilization of plug-in EVSE rather than requiring the EVSE to be hard-wired to its
power source. This allowed installation of the circuit to be completed independent of
the actual EVSE installation and presence of the PEV, providing more flexibility for
contractors and home owners in scheduling installations.
 An electric service panel with at least two open spaces (to allow installation of a
double-pole breaker) and at least 200 amps of total service capacity.
 Clear wall AND floor space around the EVSE installation location.
 An electrical distribution panel nearby (within 8 ft) the EVSE installation location.
How Do Residential AC Level 2 Charging Installation Costs Vary by Geographic Location
x During The EV Project, the average (mean) cost for installation of a residential AC Level 2
charging unit (including permit fees and service upgrades, but excluding charger cost) was
$1,354.
x The median installation cost was $1,200.
x The Los Angeles market had the highest average installation cost at $1,828, while Atlanta
had the lowest at $775
x Permit fees can have a significant impact on overall costs. Average permit costs varied
from $49 to $206 across The EV Project markets and from 3.9% to 14.5% of overall
installation costs.
x On average, EV Project participants paid $250 toward installation of their Blink home
charging unit.
x Because residential EVSE installations were only at single family residences, variation in
installation costs was driven by the following:
 Materials
 Service panel upgrade needed
 Breaker for dedicated 40-ampere circuit
 Wiring length
 Conduit length
 Labor.
x ARRA funding for The EV Project required compliance with the Davis-Bacon Act (DBA).
Prevailing electrician labor wages under DBA varied from over $55 per hour to under $12
per hour.
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x Administrative effort complied with DBA over the 2-plus years of the residential portion of
The EV Project, including supplementary weekly payroll documentation.
x Labor cost variation reflected prevailing market wages.
x Older homes typically required an upgrade to their electrical service panels in order to
accommodate the AC Level 2 charging unit’s dedicated 40-amp circuit. This was not only a
significant cost driver, but likely affected the PEV driver’s decision about whether to
participate in The EV Project.
How Do PEV Owners Respond to Residential TOU Rates While Charging EV Project Vehicles
x TOU programs do influence PEV driver charging patterns.
x 57% of survey respondents changed their utility rate subscription as a result of obtaining a
PEV.
x A shift in charging demand to the TOU period is very obvious in the demand curve for
PG&E. This shift causes a demand spike at or shortly after the beginning of the TOU
period.
x Two factors that influence the level of awareness and, ultimately, TOU program enrollment
are the perceived value of the incentive and the program’s outreach and education efforts.
x Southern California Edison defines its TOU tiered domestic rate as follows:
 On-peak: 12 to 6 p.m. weekdays
 Off-peak: All other hours.
x PG&E defines summer weekday times on Electric Schedule E-9 as follows:
 On-peak: 2 to 9 p.m.
 Partial-peak: 7 a.m. to 2 p.m. and 9 p.m. to 12 a.m.
 Off-peak: All other times.
x PGE defines summer weekday times as:
 On-peak: 3 to 8 p.m.
 Mid-peak: 6 a.m. to 3 p.m. and 8 to 10 p.m.
 Off-Peak: 10 p.m. to 6 a.m.
Residential Charging Behavior in Response to Utility Experimental Rates in San Diego
x The EV Project and the SDG&E experimental rate study confirmed that price incentives
can substantially influence PEV driver residential charging behavior.
x The SDG&E rate study showed that the greater the differential electrical price between the
utility’s non-desired charge time and its desired charge time, the greater the behavioral
change in driver residential charging.
x The cost of installation of a second electric utility meter, required by many utilities for their
special PEV charging rates, may exclude many drivers from participating.
x Participation in electric utility incentive programs requires the considered design of electric
rate structures and the enabling technology to set charge start times by the residential EVSE
or the PEV. It may also require the EVSE or PEV to communicate billing information to
the utility for subtractive billing.
When EV Project Participants Program their PEV Charge, Do They Program Their Vehicle, Their
EVSE Unit, or Both
x Introduction of large-scale production of PEVs led to entry of many EVSE providers into
the market. Some have selected to provide basic units, which provide power to the vehicle
with no services other than the required safety features. Others provide smart units, such as
the Blink units deployed in The EV Project, which contain many extra features, including
the ability to program the charge start and stop times. Knowing which type of unit the
customer prefers is important for car manufacturers and EVSE suppliers in deciding which
features to provide with their products.
x Most EV Project participants in the PGE and PG&E service territories program their PEV
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and/or EVSE unit to schedule charging at home.
x About half the participants prefer to program only their vehicle.
x One quarter prefer to program only their EVSE.
x Over two-thirds of survey respondents in the PGE and PG&E service territories have
selected TOU rates (either whole-house or PEV rate plans), which provide an incentive for
them to schedule their home charging times during off-peak hours.
x Whether they program the PEV or the EVSE unit appears to be a matter of consumer
choice; it is not difficult to do in either case.
x It is understandable why participants in areas without TOU rates do not program (although
some do anyway).
x Of survey respondents, 28% are on a basic rate plan, despite the fact that their electric
utility offers TOU rates.
What Residential Clustering Effects have been Experienced in the San Diego Region
x The San Diego region contains several examples of residential neighbors charging PEVs
simultaneously.
x Two neighbors simultaneously charging PEVs have shown a power demand nine times that
of the typical San Diego residential power demand.
x Two neighbors charging their PEVs at super-off peak times can increase energy
consumption by nearly five times that of those without PEVs.
x Charging PEVs at other times of the day, in addition to typical super off-peak times, can
nearly double the daily energy demand by two neighbors.
x Currently, the utility impact of residential PEV charging is low because overall PEV
adoption is still in its infancy. However, some transformer replacements have already been
linked to cluster PEV charging.
x A question frequently asked in relation to adoption of PEVs is “What is the impact of PEV
charging on the electrical grid?” This question can be directed at the big picture of total
utility system load; however, focus is on impact to the local electrical distribution system
and, in particular, the local residential electrical transformer. Higher than originally
anticipated loads on this transformer can lead to damage, local power outages, and higher
costs to the electric utility for replacement equipment.
What Residential Clustering Effects Have Been Seen by The EV Project, and Specifically, in the
PG&E Service Territory
x The effects of clustering on neighborhood transformers using EV Project charging data
include the following:
 Higher peaks
 Longer operation at higher power
 Periods of high power demand during times when residential transformers are
traditionally expected to have only low loads
 The electric utility rate structures for TOU might be contributing to the impact on the
local transformer by creating a new peak in demand at the beginning of the off-peak
period.
 Clustering effects may result in service outages and the need to upgrade transformers.
 Damage to the transformer may be caused by exceeding the transformer’s load rating or
by depriving it of its normal cool-down period.
 Electric utilities will need to be involved with PEV adoption, both for the overall
system load profile and for impacts to the local neighborhood distribution transformer.
What is the Controllable Electrical Demand from Residential EVSE in the San Diego Region
x The aggregated EV Project’s residential EVSE charging demand in San Diego exceeded
100 kW from 4 p.m.to 4 a.m. during the third quarter of 2013.
4-5

x This aggregated demand during the third quarter of 2013 was sufficient for bidding into
controllable demand response activities in the San Diego region.
x The positive adoption of PEVs in the San Diego region increased the probability of
enlisting sufficient PEV owners in demand response activities. However, the numbers of
residential EVSE must grow by a factor of 18 to make direct control at all hours of the day
minimally worthwhile.
x The incentive programs promoted by SDG&E, coupled with easily programmable EVSE,
are highly effective in moving residential charging to off-peak hours.
x For the foreseeable future, direct utility control of residential EVSE is not beneficial,
whereas indirect control through rate incentives is beneficial.
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How do Publicly Accessible Charging Infrastructure Installation Costs Vary by Geographic
Location
x Similar to residential EVSE and DCFC installation costs, AC Level 2 EVSE installed in
California were the most expensive installations.
x Costs for installation of these units were an important part of The EV Project infrastructure
study because these costs had an impact on host participation.
x Of the nearly 4,000 AC Level 2 EVSE units installed for public use, installation cost data
for analysis is available for 2,479 units (approximately 60%).
x The overall average was $3,108 per unit installed, with installation costs varying from less
than $600 per unit to over $12,000.
x The five most expensive geographic markets had per unit installation costs over $4,000
($4,004 to $4,588).
x The five least expensive geographic markets had per unit installation costs under $2,600
($2,088 to $2,609).
x The 40 most expensive installations in the Atlanta market (i.e., 26% of total installations
with cost data in Atlanta) had an average cost of $7,175 per unit installed. This is well over
twice the average installation cost of $3,108.
x These stations were installed away from the front of the building in conspicuous parking
spaces that were not in direct competition with shoppers seeking the shortest path to and
from the store.
x Long electrical runs from the electric service panel (typically at the back of the store) to a
location well into the parking lot at the front of the store made these installations much
more expensive than typical installations in other markets.
x Although the number of installations was small, publicly accessible installations in
Washington D.C. were also of interest. These EVSE installations represented the least
expensive installations, in large part, because they used wall mounted EVSE.
x Some charging site hosts supplemented the installation allowance provided by The EV
Project to make their EVSE installations a more visible part of their business. While these
decisions on EVSE installation met the host’s objectives, they also led to higher-thanaverage installation costs (80% of them were wall-mounted installations).
x As with residential installation costs, California’s costs for labor and permitting of publicly
accessible EVSE installations made them among the most expensive sites by geographic
region
EV Public Charging – Time Versus Energy
x Through The EV Project, charging infrastructure at commercial locations has been
deployed in various cities across the country. To stimulate use of this charging
infrastructure and familiarize EV owners with its operation, access to the infrastructure was
initially provided at no cost.
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x While free access to commercial charging infrastructure provides an effective means of
initializing infrastructure use, it does not support a “viral” expansion of charging
infrastructure.
x Widespread deployment of charging infrastructure at commercial locations must be
subsidized or it must generate sufficient income to provide a return on the investment made
by the infrastructure owner.
x The quantity of charging infrastructure necessary to support widespread adoption of PEVs
must be supported by private investment, anticipating a return.
x The EV community currently employs the following three means to assess fees when an
EV owner accesses commercial charging infrastructure:
 By time connected to the unit for charge
 By energy used measured in kWh
 By means of a subscription, wherein all in-network charging is included in a monthly
fee.
What is the Impact of Utility Demand Charges on an AC Level 2 EVSE Host
x Some electric utilities in The EV Project market areas impose demand charges on the
highest power delivered to a customer in a month.
x Simultaneously charging multiple AC Level 2 EVSE can create significant increases in
power demand.
x These demand charges can have a significant impact on monthly electric utility costs,
especially for small businesses.
x The increased charging rate allowed by many newer PEVs will exacerbate this impact.
x A separately metered EVSE charging service may enable AC Level 2 charging site hosts to
avoid most of these impacts.
How Well Did Non-Residential EVSE Installations Match the Planned Areas in San Diego
x In the early stages of PEV delivery to local markets, the options were as follows:
 Plan locations related to key attraction sites where PEV parking is anticipated
 Solicit retail and public charging hosts for random placement
 Ask early adopters where they want public infrastructure
 Identify sites near known high-traffic areas.
x The San Diego planning process developed 3,333 target areas for deployment.
x The EV Project installed 530 non-residential EVSE in 160 locations in the San Diego
region.
x 98% of the installed EVSE units are within target areas.
x 98% of installed sites are within target areas.
x More than 1,135 target areas (i.e., 34%) were served by the 160 deployed EVSE sites.
How Does Utilization of Non-Residential EVSE Compare Between those Installed in Oregon in
Planned Versus Unplanned Locations
x The options available at that time for determining where chargers should be placed were as
follows:
 Plan locations related to key attraction sites where PEV parking is anticipated
 Solicit retail and public charging hosts for random placement
 Ask early adopters where they want public infrastructure
 Identify sites near known high-traffic areas.
x To evaluate the effectiveness of the planning process used by The EV Project, the
following two relevant questions were asked:
 How well did final installation sites fit with planned locations?
 How does utilization of non-residential AC Level 2 EVSE vary between those areas
where it was planned versus areas where it was not planned?
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x A significant planning effort for non-residential AC Level 2 EVSE placement was
undertaken using the EV Micro-Climate® process in the greater Portland area during 2010.
x Fully 74% of The EV Project’s available EVSE were placed in the predicted high
utilization zones.
x Overall, EVSE placed in the predicted high utilization zones experienced 87% greater
charge events per week than those outside these zones.
x The EVSE placed in predicted high utilization zones had average vehicle connect time
periods 4.4 times longer than those outside these zones.
x The charging site host venue is an important factor in EVSE utilization, both within and
outside the high utilization zones.
x The EV Micro-Climate® planning process utilized in the greater Portland area was highly
successful in predicting high non-residential EVSE utilization.
EVSE Signage
x Signage has two primary purposes:
 Way finding: assisting PEV drivers in locating charging stations is
the way-finding purpose
 Regulatory: signage determines who may park in the designated
location and allowed uses of that charging facility.
x Way-finding and regulatory signage are highly recommended for all
EV parking stalls.
x While cost of the sign is added to the cost of the installation, this can
be reduced if a combination sign is used.
x Marking pavement with the symbol is a matter of preference, but is
not required. Indeed, it will increase periodic maintenance following
significant use and weathering. However, it will have the effect of
reducing the incidence of internal combustion engine (ICE) vehicles
parking in PEV charging locations
x Placement of the sign during installation of the station will not add
significant cost or time delay to the project, and cost of the sign is
minimal compared to the benefit.
The EV Micro-Climate® Planning Process
The following objectives were identified for the EV Micro-Climate® planning process:
x Create a local Blink presence in the market area
x Establish Blink leadership in the market area
x Establish relationships with the key stakeholders in the community
x Create a synergistic focus for stakeholders already interested/involved in EV promotion
x Establish a common ground for nomenclature and discussion
x Identify specific areas that require local action in deployment of EVSE
x Create a plan for placement of EVSE
x Communicate regularly with stakeholders, area government, and potential hosts
x Message potential hosts about the benefits they may accrue with placement of an EVSE.
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EV Project Gasoline and CO2 Savings Extrapolated Nationally
x The amount of petroleum that was avoided by Leaf and Volt drivers in The EV Project on an
annual basis was analyzed.
x Petroleum savings were extrapolated to the national fleet of light-duty vehicles, on a
percentage replacement basis.
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x The 7,812 Volts and Leafs accumulated as much as 75 million eVMT on an annual basis.
x On a per EV Project PEV basis, each PEV avoided the use of 299 gallons of gasoline and
5,980 pounds of CO2 annually.
x The 7,812 PEVs saved 2.2 million gallons of gasoline and 44 million lb of CO2 annually.
x The best citable number of short wheel base, light-duty vehicles in the United States that
could to be replaced by PEVs is 183 million.
x National potential gasoline and CO2 savings are calculated based on the percentage of
vehicles replaced.
x As a reference, Electric Transportation Applications states that as of August 2015, 357,768
PEVs have been sold in the United States since 2010.
National Potential PEV Gasoline and CO2 Savings When PEVs are Used
Percentage of
Annual CO2
Avoided at
U.S. Light-Duty
20 lb CO2 per
Vehicles
Number of
Annual Gallons of
Replaced by
PEVs
Gasoline Avoided Gallon Avoided
(billions)
PEVs
(millions)
(millions)
0.20%
0.37
109
2.2
1%
1.8
547
11
5%
9.2
2,734
55
10%
18.3
5,469
109
50%
91.6
27,345
547
As can be seen in the above table, PEVs have the potential to significantly reduce national
gasoline use and creation of CO2. It was demonstrated by The EV Project PEV drivers that they
can achieve the high levels of eVMT required to achieve these benefits. If just 10% of the PEV
market replacement occurred, there would be 18.3 million PEVs on the road in the United States
and these PEVs would avoid use of 5.5 billion gallons of gasoline and generation of 109 billion
pounds of CO2.
How Many of California’s Low-Carbon Fuel Standard (LCFS) Credits were Generated by Use of
Charging Infrastructure Deployed During The EV Project
x In January 2007, Governor Schwarzenegger issued an Executive Order to enact LCFS
credits in the State of California. This standard calls for reduction in the carbon intensity of
California’s transportation fuels, including tailpipe emissions and all other associated
emissions from production, distribution, and use of transport fuels within the state. CARB
established regulations for meeting the target of reducing carbon intensity by at least 10% by
2020.
x LCFS includes emissions trading as a means for the State of California to meet its overall
emissions objective. Credits are earned for emissions reduction and these credits can be sold
to entities that need credits in order to comply with the regulations.
x Although generation of LCFS credits was not a named objective of The EV Project, it is
another means of generating revenue for PEV service providers.
x As a PEV service provider dispensing electricity as a transportation fuel in California,
charging infrastructure deployed in The EV Project was eligible for generating LCFS
credits.
x The EV Project dispensed over nine gigawatt hours of energy that were eligible for LCFS
credits.
x The measure of LCFS credits is megatons of CO2 averted. The EV Project generated over
5,500 credits (i.e., megatons).
GHG Avoidance and Cost Reduction
x All U.S. residents would likely see a reduction in fuel and life-cycle ownership costs driving
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a PEV as opposed to a comparable ICE vehicle.
x For a large majority of U.S. residents (approximately 87%), driving a PEV as opposed to a
comparable ICE vehicle will result in reductions in emissions.
x A small minority would see their GHG emissions rise, depending on the state where they
reside. However, as the push to adopt cleaner electricity sources across the country
continues, the emissions reduction numbers will continue to become more and more
favorable.
x The grid transition may raise the price of electricity, but the volatility of oil prices and the
specter of future constrained oil supplies mean that the price of gasoline is also likely to rise,
affirming the fuel cost benefit for the foreseeable future.
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Who Were Participants in The EV Project
x Demographics of innovators and early adopters of EVs were speculated by many, but little
has actually been published; therefore, demographics information was solicited from EV
Project participants in a survey.
x Overall, 63% of primary PEV drivers are male; however, this percentage reaches nearer
70% in Texas, Washington D.C., and Chicago.
x Oregon presents the highest percentage of female drivers at 34%.
x The mean age for all regions was 50.9 years, but distribution varies by region.
x The average household income was $148,811.
x Almost 50% of households had an average income above $150,000.
x There was little difference between types of vehicle purchased or leased based on income.
x Leaf drivers were more likely than Volt drivers to have graduate degrees (46% versus 38%).
How Did EV Project Participants Feel About Their EVs
x The EV Project participants were very cooperative and enthusiastic about their participation
in the project and very supportive in providing feedback and information. The information
and attitudes of these participants concerning their experience with their PEVs were
solicited using a survey in June 2013. At that time, some had up to 3 years of experience
with their PEVs.
x In June 2013, EV Project survey respondents were very satisfied with their PEVs and 96%
would replace their current PEV with another PEV.
x The EV Project survey respondents had an average of 2.6 vehicles in their household and
70% reported the PEV as their primary vehicle.
x The number one reason EV Project survey respondents selected the PEV was that PEVs are
energy efficient and cheaper in the long run than ICE vehicles.
x 94% of survey respondents reported they drove their PEVs the same or more miles per day
than when they first acquired it.
How Did EV Project Participants Feel about Charging Their EVs at Home
x In June 2013, 72% of EV Project survey respondents were very satisfied with their home
charging experience.
x 21% of survey respondents relied totally on home charging for all charging needs.
x Volt owners relied more on home charging than Leaf owners, who reported more use of
away-from-home charging.
x 74% of survey respondents reported that they plugged in their PEV every time they park at
home. Others plugged in as they determined necessary to support their driving needs.
x 40% of survey respondents reported they would not have or were unsure in June 2013
whether they would have purchased an AC Level 2 EVSE for home charging if it had not
been provided by The EV Project.
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x 61% of survey respondents reported that The EV Project incentive was very important or
important in their decision to obtain a PEV.
How Did EV Project Participants Feel About Charging Their EV Away From Home
x In June 2013, 41% of survey respondents who used their PEVs for work reported having the
availability of charging at their workplace.
x For those who had workplace charging available, nearly twice as many reported AC Level 2
being available, as well as AC Level 1.
x 36% of survey respondents reported that workplace charging was very important or essential
to meeting their PEV driving needs.
x 69% of survey respondents reported that they very rarely or never used publicly accessible
charging.
x 34% of survey respondents suggested that expanding the availability of public charging
would result in greater use.
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How Many Electric Miles did Nissan Leafs and Chevrolet Volts in The EV Project Travel
x BEVs, such as the Nissan Leaf, are powered exclusively by electricity. The maximum
driving range between refueling (in this case recharging) of a BEV is limited by the energy
storage capacity of the vehicle’s battery.
x EREVs, such as the Chevrolet Volt, can also be powered exclusively by electricity;
however, they have smaller batteries and, therefore, shorter EVM range than BEVs. EREVs
provide range extension using an ICE.
x The electric ranges of BEVs and EREVs are quantified by auto manufacturers and third
parties such as the U.S. Environmental Protection Agency (EPA).
x The owners’ driving and charging behavior determines how much distance is actually
traveled using electric power.
x Between October 2012 and December 2013, Nissan Leaf drivers in The EV Project
averaged 808 eVMT per month.
x Chevrolet Volt drivers in The EV Project Volt averaged 759 eVMT per month and
1,020 total vehicle miles traveled per month.
x The distributions of eVMT per month for Leafs and Volts overlap significantly, indicating
that many Volts drove the same or more electric miles than Leafs, despite a large difference
in electric range.
x Change in eVMT from month to month over the 15-month study period was similar for
Leafs and Volts, suggesting that seasonal effects influence drivers of both vehicles in the
same way.
What Kind of Charging Infrastructure Did Nissan Leaf Drivers in The EV Project Use and When
Did They Use It
x A sample of 4,038 Nissan Leaf drivers who participated in The EV Project performed
867,293 charges at AC Level 1, AC Level 2, and DCFC units over a 15-month period.
x Leaf drivers relied on home charging for the bulk of their charging. Of all charging events,
84% were performed at drivers’ home locations. Over 80% of those home charges were
performed overnight and about 20% of home charges were performed between trips during
the day.
x The remaining 16% of charging events were performed away from home. The vast majority
of these were daytime AC Level 1 or AC Level 2 charges.
x Overall, usage of DCFCs by drivers of vehicles in this study, all having access to a AC
Level 2 charging unit at home and some having workplace charging access, was low. DCFC
(all away from home) represented only about 1% of all charging events and charging energy
consumed. Ignoring charges by vehicles that never charged away from home, DCFC were
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used for 6% of all away-from-home charging events. However, some drivers used DCFC
more than others and may have relied on DCFC to meet their need for driving range.
x Not everyone used away-from-home charging infrastructure equally. In fact, three quarters
of the away-from-home charging was performed by 20% of the vehicles. A significant
portion of vehicles (i.e., 13%) were never charged away from home.
x Half of the away-from-home charging was performed by a group of vehicles who averaged
1.5 charging events per days driven. Drivers of these vehicles supplemented near-daily
home charging with frequent away-from-home charging. This allowed these vehicles to
average 43 miles per day driven, a 72% increase over vehicles that were never charged away
from home.
x Although all vehicles in this study had access to home charging, some vehicles rarely
charged at home. Instead, they relied on frequent away-from-home charging during the day.
This demonstrates the viability of publicly accessible and/or workplace charging
infrastructure for drivers of EVs without access to home charging.
What Kind of Charging Infrastructure Did Chevrolet Volt Drivers in The EV Project Use and
When Did They Use It
x A sample of 1,867 Chevrolet Volt drivers participating in The EV Project performed 87% of
their charging events at home and 13% away from home over a 15-month study period.
x Although the majority (59%) of all charging events was performed at home overnight, 28%
of all events were performed at home during the day. Only 12% of charging events were
performed away from home during the day. The fact that 70% of daytime charging was
performed at home is significant, because typically daytime “opportunity” charging has
been thought of as away-from-home charging.
x All vehicles in this study had access to AC Level 2 (240-V) charging at home; therefore, it
is not surprising that nearly all home charging was conducted using AC Level 2 charging
equipment. Away-from-home charging was split evenly between AC Level 2 charging units
and AC Level 1 (120-V) charging units or standard 120-volt outlets.
x Not everyone used away-from-home charging infrastructure equally. In fact, three quarters
of the away-from-home charging was performed by 20% of the vehicles. A small portion of
vehicles (i.e., 5%) were never charged away from home.
x Drivers who performed 30 to 60% of their charging events away from home tended to
supplement daily home charging with regular away-from-home charging. Altogether, these
drivers averaged 2.0 charges per day. Frequent charging allowed them to average 40.3 miles
driven in EVM per day, which is a 60% increase in daily EV miles over the group of
vehicles that never charged away from home.
x Drivers who charged away from home for more than 60% of their charging events tended to
supplement frequent away-from-home charging with home charging. Their away-fromhome charging frequency was the same as the home charging frequency of the group of
drivers that never charged away from home.
x All away-from-home charging frequency groups averaged 74 to 80% of their distance
driven in EVM. Overall average charging frequency increased as average daily distance
driven increased, suggesting that drivers changed their charging behavior in order to extend
EVM operation.
How Much were Chevrolet Volts in The EV Project Driven in EVM
x A sample of 1,154 Chevrolet Volt drivers participating in The EV Project drove 73% of
their total miles in EVM over an 8-month study period.
x 70% of vehicles drove more than 70% of their total miles in EVM, while 131 vehicles
(11%) drove more than 95% of their miles in EVM.
x Volt drivers who drove farther per day also tended to consume more charging energy, either
through more frequent charging, longer charge sessions, or both.
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x The average amount of energy delivered per charging event varied widely from vehicle to
vehicle, even among vehicles whose batteries were typically fully depleted prior to
charging.
x Drivers with a high percentage of miles in EVM averaged fewer trips of shorter length
between charging events. They also tended to charge more frequently for shorter durations.
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What Were the Cost Drivers for Workplace Charging Installations
x The average cost for installation of EVSE at workplace locations was $2,223.
x The average installation cost for workplace charging EVSE was 75% of the average cost to
install publicly accessible EVSE (i.e., $2,979).
x 27% of workplace EVSE installed were wall-mount units, while 17% of publicly accessible
EVSE units were wall-mount units.
x Greater flexibility in location of workplace installations provided installation cost savings
opportunities not typically available to EVSE installed for public use.
x Imposing a fee to charge at work will likely reduce charging station use. If fees are too high
and/or employee commuting distances are low, charging equipment may be seldom used.
x Providing PEV-owning employees with tools for self-managing charging can be an effective
way of maximizing charging station use and accommodating a lot of vehicles, even if
charging is free.
x An enforced policy requiring drivers to move their vehicles from parking spaces designated
for charging is a deterrent to workplace charging. Employees may be disinclined to risk a
reprimand or fine if they are unable to interrupt their work day to unplug and move their
vehicles at the required time.
x Corporate culture may affect employee workplace charging behavior. For example, if a
company executive owns a PEV, lower-ranking employees may be reluctant to use a
charging station the executive uses. Likewise, employees with a particular status or
background may feel entitled to occupy a charging station for as long as they want, without
regard to other employees’ desire to charge. Naturally, these cases could occur at any work
site, but may be more likely and will have a more significant effect at smaller work sites.
x Future expansion of workplace charging infrastructure represents a significant installation
cost concern for employers, because these expansions will frequently require additional
electrical service capacity.
Where Did Nissan Leaf Drivers in The EV Project Charge When They Had the Opportunity to
Charge at Work
x A group of 707 Nissan Leafs from The EV Project, whose drivers had the opportunity to
charge at work, performed 65% of their charging events at home, 32% at work, and 3% at
other locations over the period between January 1, 2012, and December 31, 2013. The
proportion of charging energy consumed by location during this time period was similar.
x During this study period, this group charged their vehicles away from home more than twice
as much as the overall group of Nissan Leaf drivers enrolled in The EV Project.
x This study’s Leaf drivers (with workplace charging) performed 91% of their away-fromhome charging events at work and 9% at non-workplace away-from-home locations.
x On days when this study’s Leaf drivers went to work, they performed 98% of their charging
events either at home or work and only 2% at other locations.
x On days when this study’s Leaf drivers did not go to work, they performed 92% of their
charging events at home and 8% at other locations.
Charging and Driving Behavior of Nissan Leaf Drivers in The EV Project with Access to
Workplace Charging
x A sample of 622 Nissan Leaf drivers participating in The EV Project with access to
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workplace charging charged at work on 53,351 vehicle days between March 2011 and
December 2013.
x On nearly a quarter of those days, drivers drove far enough that they could not have
completed their daily driving without workplace charging, even if they fully charged at
home.
x On about half the days, drivers fully charged at home and “topped off” at work. On about a
quarter of the days, drivers only charged at work, even though they had access to home
charging.
x While 14% of vehicles needed workplace charging to complete their daily commutes most
of the time, 43% of vehicles needed it some of the time (i.e., on at least 5% of commuting
days). This shows that workplace charging is valuable as a range extender for drivers who
live far from work and for drivers who sometimes need additional driving range beyond
their typical commute.
x On days when drivers charged at work, they drove an average of 15% farther than days
when they did not charge at work. This demonstrates that workplace charging provides a
significant benefit for increasing eVMT.
x In fact, on days when drivers needed workplace charging, they drove 15 more miles, on
average, than they would have been able to drive without workplace charging. The average
commute on those days was 73 miles.
Where Did Chevrolet Volt Drivers in The EV Project Charge When They Had the Opportunity to
Charge at Work
x A group of 96 Chevrolet Volts from The EV Project, whose drivers had the opportunity to
charge at work, performed 57% of their charging events at home, 39% at work, and 4% at
other locations over the period between January 1, 2013, and December 31, 2013. The
proportion of charging energy consumed by location was similar.
x During this study period, this group charged their vehicles away from home more than twice
as much as the overall group of Chevrolet Volt drivers enrolled in The EV Project.
x This study’s Volt drivers (with workplace charging) performed 92% of their away-fromhome charging events at work and 8% at non-workplace away-from-home locations.
x On days when this study’s Volt drivers went to work, they performed 98% of their charging
events either at home or work and only 2% at other locations.
x On days when this study’s Volt drivers did not go to work, they performed 89% of their
charging events at home and 11% at other locations.
Accessibility at Public EV Charging Locations
x One purpose of The EV Project was to identify potential barriers to widespread adoption of
PEVs and deployment of EVSE to support them
x This process identified topics of national interest in the early deployment of PEV charging
stations in order to facilitate discussion and resolution. One of these topics was The EV
Project’s approach to compliance with the U.S. Americans with Disabilities Act (ADA) –
28 CFR Part 36.
x Federal accessibility standards do not specifically address EV charging stations.
Nevertheless, incorporate ADA accessibility requirements in the design of commercial
charging station equipment and installation plans is required.
x In general, design requirements provided by the 2010 ADA Standards for Accessible Design
can be accommodated in design and installation of publicly available EVSE. In some cases,
strict interpretation of these design requirements may increase project costs
disproportionally or create such facility design issues that compliance is not feasible. Public
policy and direction is favoring the expansion of EV charging infrastructure and strict
interpretation may impede its development. Consideration for this situation is already
provided in the ADA Standards related to “disproportionality” and “maximum extent
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feasible.”
x For the purpose of The EV Project and early market deployment of commercial EVSE, it
was found that reasonable efforts to incorporate accessibility requirements during
installation of commercial DCFC stations can be accomplished.

 /HVVRQV/HDUQHGIURP&RPELQHG3URMHFWV


&DWHJRUL]LQJ(OHFWULF9HKLFOH6XSSO\(TXLSPHQW9HQXHV'HVFULELQJ
3XEOLFO\$FFHVVLEOH&KDUJLQJ6WDWLRQ/RFDWLRQV
x Many stakeholders in the PEV industry are interested in how non-residential EVSE units are
used at various types of locations. The EV Project, ChargePoint America Project, and West
Coast Electric Highway Project provided the opportunity to collect data from Blink,
ChargePoint, and AeroVironment brand charging stations installed around the United States.
x In order to analyze EVSE usage by location, it was necessary to create a system for
categorizing EVSE sites by location type or venue. A two-level classification system was
selected, where EVSE sites were assigned a primary venue and a sub-venue.
x The primary venue is a coarse classification that broadly defines the site location and
provides a general perspective on why a PEV driver would be parking at that location.
Primary venue categories were chosen to be compatible with other PEV charging
infrastructure demonstrations.
x A sub-venue subdivides the primary venue category to provide an additional level of detail.
x Information provided about EVSE sites by The EV Project, ChargePoint America, and
AeroVironment, as well as publicly available information, were used to classify EVSE sites
into venue categories. The publicly available information sources that were used included
Google Earth, Google Maps, Google Street View, PlugShare, ReCarGo, and various ESRI
geographic layers. Geospatial data were visually inspected and cross-referenced with project
data to classify each EVSE site.



$QDO\]LQJ3XEOLF&KDUJLQJ9HQXHV:KHUHDUH3XEOLFO\$FFHVVLEOH
&KDUJLQJ6WDWLRQV/RFDWHGDQG+RZ+DYH7KH\%HHQ8VHG
x Many of the AC Level 2 charging stations discussed in this paper were located at retail
locations and parking lots/garages.
x DCFCs were not broadly distributed across venue categories; they only existed at eight
types of venues. Most of the venues showed similar use ranges. This indicates that the venue
may not be drawing customers to DCFCs.
x The workplace venue was the most utilized venue for AC Level 2 EVSE. People are likely
to use AC Level 2 charging infrastructure for longer periods of time while they are working.
x All DCFC venues had a median average of 4 to 7 charge events per week per site. All AC
Level 2 EVSE had a median average of 9 to 38 charge events per week per site. DCFCs
only require approximately 30 minutes to charge a vehicle; therefore, it’s expected that they
would have a higher number of daily charging events.
x EVSE sites were not evenly distributed across venues. If a venue contained a small number
of EVSE sites, there may not have been enough data to accurately describe potential usage.
x Data presented in this paper were collected at the beginning of EV adoption across the
United States. Also, charging infrastructure was being deployed throughout the data
collection effort. Because the number of vehicles increased as the number of available EVSE
increased, this paper demonstrates the potential for each venue, but it may not accurately
describe a mature market.
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:RUNSODFH&KDUJLQJ&DVH6WXG\&KDUJLQJ6WDWLRQ8WLOL]DWLRQDWD:RUN
6LWHZLWK$OWHUQDWLQJ&XUUHQW/HYHO$OWHUQDWLQJ&XUUHQW/HYHODQG
'LUHFW&XUUHQW)DVW&KDUJHU8QLWV
x Use of numerous workplace charging stations from May to August 2013 at Facebook’s
office campus in Menlo Park, California was studied. Charging stations at this facility
included AC Level 1, AC Level 2, and DCFC. The AC Level 2 charging units were the most
heavily utilized, accounting for 83% of charging events, with 11% of charging events being
performed using the DCFC. Drivers opted for AC Level 1 charging only 6% of the time.
x AC Level 2 charging units were used heavily during the work day, averaging 8.7 hours
connected per cord per work day. Drivers tended to stay connected to AC Level 2 cords for
around 4 hours or for around 9 hours, which is either half a work day or an entire work day.
Most of the time, vehicles fully charged their batteries in less than 5 hours.
x AC Level 1 outlets were used infrequently and typically remained connected to vehicles for
8 or more hours per charging event. Because of the slower charge rate, many charging
events required 5 to 10 hours to fully charge the vehicles’ batteries. However, a significant
number of charging events required only 2 to 3 hours to reach full charge because the
vehicles being charged had small battery packs.
x Drivers overwhelmingly preferred AC Level 2 charging over AC Level 1 charging. Data
were collected from 10 charging units at this work site that were capable of both AC Level 1
and AC Level 2 charging. When drivers arrived at these units and both AC Level 1 and AC
Level 2 options were available, they chose to use the AC Level 2 cord 98% of time. With
only a few exceptions, the AC Level 1 outlet was only used if the AC Level 2 cord was
already connected to another vehicle.
x Facebook followed a few simple guidelines for encouraging employees to self-manage
EVSE usage. First, charging units were installed to allow access from multiple parking
spaces. Drivers were encouraged to plug in neighboring vehicles after their vehicle
completed charging. Second, employees were provided with an online message board – in
this case, a Facebook page that allowed them to coordinate charging station usage. Data
from the EVSE suggest that drivers leveraged these resources to minimize the time EVSE
were not in use. Thirty-seven percent of the time when one charging event ended and the
next began at the same AC Level 2 EVSE during the same work day, less than 30 seconds
elapsed between the two charging events. Sixty percent of the time, less than 3 minutes
elapsed between consecutive charging events.
x The DCFC was typically used between 2 and 6 times per work day for 24 minutes or less per
charging event. Eleven percent of the time when a DCFC event ended and another event
began on the same work day, a vehicle had been connected to the second DCFC prior to the
end of the first vehicle’s charging event.



'LUHFW&XUUHQW)DVW&KDUJHU8VDJHLQWKH3DFLILF1RUWKZHVW
x The West Coast Electric Highway Project established a network of DCFCs in the states of
Oregon and Washington. In addition, The EV Project installed a dozen DCFCs in
metropolitan areas throughout the region. Data from these two networks were analyzed to
determine how often DCFCs were used between September 1, 2012, and December 31,
2013. The most highly used DCFCs were located in the Seattle, Washington, metropolitan
area. Other highly used DCFCs were found in Portland and Salem, Oregon and along
Interstate 5 (I-5) north from Salem to Vancouver, British Columbia. Usage generally
decreased as distance from I-5 increased.
x When Nissan Leafs in The EV Project based in Washington and Oregon used DCFCs
located inside Seattle and Portland, they tended to use them during round-trip outings of less
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than 75 miles. This is less than the range of the Leaf on a single charge.
x Leaf drivers used DCFCs located outside city boundaries to support longer travel, often
driving 150 miles or more before returning home. For these drivers, the West Coast Electric
Highway successfully enabled significant range extension.

 0LVFHOODQHRXV2EVHUYDWLRQV


7RS(9&LWLHVDQG$PHULFDQ5HFRYHU\DQG5HLQYHVWPHQW$FW&KDUJLQJ
,QIUDVWUXFWXUH'HSOR\PHQWV
x ChargePoint released what they have calculated as the 10 cities in the United States with the
highest number of EVs.
x While details about how this was calculated are not known and it can only be assumed that
PEVs are included, it is interesting to note the correlation (perhaps not causation) between
these 10 cities and the two charging infrastructure deployments that were conducted via
DOE’s ARRA activities.
x Combined charging infrastructure was deployed in seven of the top 10 cities, with The EV
Project deploying infrastructure in six of the 10 and the ChargePoint America Project in four
of the 10.
x When looking at the four metropolitan areas with the most PEVs combined, the projects are
in all four.



&RPSDULQJ&KHYUROHW9ROW3HUIRUPDQFHE\'ULYHU*URXSV
x Driver behavior can have a large impact on the full capability of PEV technology and driver
recharging behavior can reduce petroleum consumption.
x When comparing the operation of privately owned Chevrolet Volts in The EV Project to
commercially owned Volts in the General Motors Chevrolet Volt Demonstration, the single
largest difference was the amount of electric miles driven. The privately owned Volts
averaged 79% more miles driven in EVM than commercial Volts. The result is that more
gasoline was used by commercial drivers because their vehicles were operated more in
ERM, during which the gasoline ICE must operate.
x Based on AC Wh/mile, commercial vehicles were likely driven more aggressively, with AC
Wh/mile about 9% higher. However, this difference could have been influenced by the
private drivers’ desire to maximize all electric miles by minimizing the use of auxiliary
loads, impacts from different climates, or commercial drivers being more focused on
“getting their job done.”
x General public owners charged their Volts more often, with about 35% more charge events
on the days the Volts were driven.
x The commercial Volts were driven for longer trips than the general public drove their Volts.
These longer trips, especially ones beyond 40 miles (which are beyond the Volt’s EVM
range of approximately 40 miles per full charge) would clearly necessitate use of ERM
operations and use of gasoline for propulsion.



&RPSDULQJ(93URMHFW&KHYUROHW9ROW8VHDQG1LVVDQ/HDI8VH
x Driver behavior influenced things like charge times, SOC at the beginning and end of
charges, and miles driven per charge and day driven. Driver behavior can have large impacts
when using technologies that can significantly reduce petroleum use while still providing
functionality similar to a comparative ICE vehicle.
x The Volts were driven about 28% more miles per day than the Leafs on days they were
driven.
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x The average trip distance for Volt drivers was 17% longer than Leaf drivers.
x Leaf drivers took 15% more trips than Volt drivers per charge event.
x Miles driven per charge event were nearly the same, with Volt drivers driving 3% more
miles per charge event.
x Volt drivers charged their vehicles 36% more often than Leaf drivers on days the vehicles
were driven.
x Volt drivers charged at home 80% of the time compared to Leaf drivers charging 74% of the
time.
x Conversely, Leaf drivers charged 20% at home versus Volt drivers charging 14% at home.



&KDUJH3RLQW$PHULFDDQG(93URMHFW5HVXOWV
x Residential EVSE “time connected” and “drawing power” profiles are fairly similar.
x For public EVSE use in both projects, the ChargePoint public EVSE and PEVs were
connected more often, with ChargePoint public AC Level 2 units having a vehicle connected
14% of the time compared to The EV Project’s 8% of the time.
x The percentage of time power was being drawn was 4% for ChargePoint and 2% for The EV
Project. However, this ignores The EV Project’s public DCFC connect time of 5% and
power draw of 5%.
x Weekday residential profiles are fairly similar and both display similar power transfer
characteristics at midnight, when TOU rates influence the drivers to set midnight start times
for charging.
x Charge events at residential EVSE in The EV Project saw connection times of about 30
minutes less than residential EVSE in the ChargePoint Project; they also drew power for a
slightly shorter period of time. However, The EV Project’s residential chargers drew slightly
more energy per charge event.
x Based on the percentage of public EVSE with a vehicle connected in The EV Project and in
the ChargePoint Project, it appears that the ChargePoint public EVSE consistently had a
higher percentage of time with a vehicle connected on weekdays. Weekend connect
percentages were much flatter; however, ChargePoint public EVSE had more vehicles
connected. It should be noted that The EV Project was requiring a fee at nearly all EVSE
while ChargePoint EVSE use is believed to be have been free at 70% of the EVSE.
x Public demand profiles for both EVSE projects were similar, with power transfer peaking
before noon on weekdays. However, based on the April to June 2013 reporting quarter, the
ChargePoint demand was about twice as high as The EV Project, even though The EV
Project had about 25% more EVSE reporting use. Again, the fees charged for public
charging in The EV Project versus ChargePoint’s mostly free charging were a likely
influence.
x Even though drivers charging at public EVSE in The EV Project were connected for about
30 minutes less than public EVSE in the ChargePoint Project, they actually drew power for a
slightly longer period of time. The longer draw times resulted in slightly more energy used
during the average public charge event. The EV Project public EVSE saw an average of
8.7 kWh used weekdays and 8.4 kWh on the weekends. The energy transfer amounts for the
ChargePoint public EVSE were 7.86 kWh on weekdays and 7.56 on weekends.
x While there were some slight differences in use patterns, public and residential AC Level 2
EVSE were used in similar ways, with similar amounts of energy being transferred per
charge event. No other categories of EVSE were compared because their characterizations
varied too much.
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The purpose of ARRA included the following:
x

To preserve and create jobs and promote economic recovery

x

To assist those most impacted by the recession

x

To provide investments needed to increase economic efficiency by spurring technological advances in
science and health

x

To invest in transportation, environmental protection, and other infrastructure that will provide
long-term economic benefits

x

To stabilize state and local government budgets in order to minimize and avoid reductions in essential
services and counterproductive state and local tax increases.

Within the area of Transportation Electrification, several electric drive vehicle and charging
infrastructure projects were supported by DOE. In support of some of these projects, INL was tasked by
DOE’s Vehicle Technologies Office to collect light-duty PEV and charging infrastructure data for several
ARRA projects. INL was also tasked by DOE to sign non-disclosure agreements with the funded entities;
the resulting data provided by the entities allowed for the data security, analysis, and reporting that INL
conducted.
Several projects included deployment of EVSE, which safely provide electricity to the PEVs’
onboard chargers; deployment of DCFCs, which are chargers located off-board the vehicle that transfer
power at high levels to properly equipped PEVs; and the deployments of PEVs. These projects represent
the largest ever deployment and study of charging infrastructure and grid-connected BEVs, EREVs, and
PHEVs. Collectively, the BEVs, EREVS, and PHEVs are known as PEVs. The projects that INL
collected data for, performed analysis, and reported on consisted of the following:
1. ChargePoint America – PEV Charging Infrastructure Demonstration
Consisted of 4,647 of ChargePoint EVSE
2. Chrysler Ram PHEV Pickup – Vehicle Demonstration
-

Consisted of 111 PEVs
3. GM Chevrolet Volt – Vehicle Demonstration
-

Consisted of 150 EREVs
4. The EV Project – PEV Charging Infrastructure Demonstration
-

Consisted of 8,228 PEVs, EREVs, and BEVs, as well as 12,356 EVSE and DCFC
5. SCAQMD/EPRI/Via Motors PHEVs – Vehicle Demonstration.
-

Consisted of PHEV conversions of Chevrolet vans and pickups.
The five projects varied in the equipment deployed; therefore, the data collected were not universal.
For the ChargePoint America Project, the equipment deployed and charge data generated were limited to
EVSE.
-

The Chrysler Ram Pickup and Chevrolet Volt Projects included PHEVs and EREVs, respectively,
and the only data collected came from the vehicles. However, both were able to provide charging data to
INL. For the Chrysler Ram PHEV, several charging-related data parameters were collected.
For The EV Project, data streams came from BEVs, EREVs, EVSE, and DCFC.
The subsequent sections of this report discuss:
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x

Data collection methods

x

How data were sent to INL

x

Details of equipment

x

Periods of data collection for each project

x

Analysis and results

x

Lessons learned.

It should be noted that INL was not tasked with verifying the number or sustainability of jobs created.
This report is limited to information INL was able to generate based on data collected and analyzed from
each of the five projects.
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 &KDUJH3RLQW$PHULFD3URMHFW6FRSHDQG2EMHFWLYHV
The ChargePoint America Project was led by ChargePoint with ARRA funding support from DOE.
The project deployed 4,647 residential and commercial charging stations in nine U.S. regions. The data
collection phase of the project ran from May 1, 2011, through December 31, 2013, and captured over
1.5 million charge events. Quarterly reporting started during the January to March 2012 time period. It
should be noted that the only way INL was able to count the number of EVSE deployed was by reporting
the number of EVSE reporting data. INL was not tasked with field inspections.
ChargePoint, which was originally known as Coulomb Technology, was tasked by DOE to deploy
EVSE in the following metropolitan areas of the United States:
x

Boston area (Massachusetts and Rhode Island

x

D.C. Area (District of Colombia, Maryland, and Virginia)

x

Florida

x

Los Angeles area

x

Michigan

x

New York area(Connecticut, New Jersey, and New York)

x

Sacramento/San Francisco Area

x

Texas

x

Washington State.

The primary objective of the ChargePoint Project was creation of jobs and development of a PEV
charging network, which would facilitate analysis and study of where future EVSE should be installed.

 &KDUJH3RLQW$PHULFD(OHFWULF9HKLFOH6XSSO\(TXLSPHQW7\SHV
Three types of EVSE were deployed in the ChargePoint Project and can be described as follows:
x

A single AC Level 2 port or cord and connector set in a single EVSE. These units can differ in
design, depending on the application, which can be residential (Figure 6-1) or public (Figures 6-2 and
6-3). Public EVSE tended to be of a more rigid design, given the environment the EVSE was
subjected to.

x

Another AC Level 2 EVSE design also included a 110-V National Electrical Manufacturers
Association-style receptacle (AC Level 1) in addition to the AC Level 2 SAE 1772-style connector.
With the exception of a few special studies, energy use and charge events were not reported for the
110-V service. ChargePoint requested that only the AC Level 2 events be reported, which was what
they were tasked to report on by DOE.

x

The third EVSE design used a two-cord/connector set, with both being AC Level 2 (208 to 240 V).
There was no 110-V receptacle. Each one of the two SAE J1772connectors were considered as two
distinct units for reporting purposes, given that each connector was capable of charging a PEV
simultaneously. Note that the two connectors shared a single pedestal (Figure 6-4) and were designed
to the SAE J1772 standard.
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Figure 6-1. ChargePoint residential EVSE.

Figure 6-2. ChargePoint public EVSE.
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Figure 6-3. ChargePoint EVSE installation in the San Francisco area.

Figure 6-4. Dual-port ChargePoint EVSE.

 &KDUJH3RLQW$PHULFD(OHFWULF9HKLFOH6XSSO\(TXLSPHQW
'HSOR\PHQWDQG'DWD&ROOHFWLRQ5DWH
The rate of the ChargePoint America Project’s EVSE deployment can be seen in Figure 6-5. A total
of 4,647 EVSE SAE J1772 cord and connector sets were deployed and reported on throughout the United
States (Figure 6-6). However, not every cord and connector reported a charge event or energy transfer
during each reporting period. Multiple reasons exist for a connector to not report a charge event from one
quarter to the next. For instance, the unit may have been vandalized, it may have been run over by a
vehicle, or it simply may not have been used. One of the goals of the EVSE-focused projects was to
understand where EVSE should be deployed and if people will use them. Of course, this is also highly
dependent on how many PEVs are located in the area and the types of venues the EVSE are installed at.
This will be discussed in further detail in subsequent sections.
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Figure 6-5. Locations and total number of EVSE reporting data as of the end of the ChargePoint Project,
which was December 2013.

Figure 6-6. By reporting period, the graph displays the cumulative number of ChargePoint connectors that
have reported a charge event and energy transfer. Note that the Private Commercial (i.e., red line) line
dipped from June 2012 to September 2012 due to venue reclassifications.
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The number of connectors reporting data each quarter does not match the deployment seen in
Figure 6-5. As can be seen in Figure 6-7, not every cord and connector reported a charge event and
energy transfer for each reporting period.

Figure 6-7. By reporting period, the graph displays the number of ChargePoint America connectors that
reported a charge event and an energy transfer.

 &KDUJH3RLQW$PHULFD5HSRUWLQJ
The primary reporting method was via quarterly reports, which documented both cumulative data
collected to-date for each region and the project totals. The statistics reported on included the following:
x

EVSE deployment by the following location categories:

Residential
Private non-residential or private commercial (i.e., generally, limited access locations such as
commercial fleets)
- Publicly accessible
- Not specified
- Total EVSE
x Number of charging events performed
-
-

x

Electricity consumed (AC MWh)

x

National map of deployment locations.

As the project and reporting progressed, the reports grew in complexity (i.e., by the October to
December 2013 final report, the quarterly report and grown to 17 pages). All of the reports can be found
on INL’s web pages for the ChargePoint America Project at: http://avt.inel.gov/chargepoint.shtml. After
cumulative data provided on page 1, the remaining pages presented the following information by EVSE
type (as noted above):
x

Number of charging units (connectors)

x

Number of charging events
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x

Electricity consumed (AC MWh)

x

Percent of time with a vehicle connected

x

Percent of time with a vehicle drawing power

x

Time of day vehicles were connected and time of day they drew power in 15-minute increments, both
for weekends and weekdays during each 90-day reporting period; these data were graphed by median,
maximum and minimum results, and the inner-quartile ranges.

The ChargePoint America Project reports included all EVSE in the project that reported results by
each EVSE type (based on locations) and results for various regions. The amount of information in each
quarterly report was driven by the amount of EVSE deployed. Therefore, earlier quarterly reports had less
content than subsequent reports.

 &KDUJH3RLQW$PHULFD3URMHFW5HVXOWV


&KDUJH3RLQW$PHULFD3URMHFW'XUDWLRQ5HVXOWV

Charge event frequency for each reporting period was highest for residential EVSE, averaging about
80 events per EVSE per 3-month period (Figure 6-8), which would equate to slightly less than one per
day. Private commercial and public EVSE were initially used between 20 and 40 times per reporting
period; however, usage grew to between 55 and 65 charge events during the final reporting period.

Figure 6-8. Average number of charge events reported per reporting quarter for each EVSE connector in
the ChargePoint America Project.
The energy transferred per charging event for the private commercial EVSE centered around 8.5 kWh
per charge event (Figure 6-9), suggesting that while not used as frequently as residential EVSE, the
private commercial EVSE may have been used to charge larger battery packs or these vehicles were more
fully depleted when they visited the private commercial EVSE. The residential EVSE’s charge energy
ranged from 6.5 to 7.5 kWh during the reporting period. Public EVSE charge energy initially averaged
about 7 kWh per charge event, rising to more than 8 kWh during the last two reporting periods.
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Figure 6-9. Average energy (kWh) used for each charge event per ChargePoint America Project EVSE
and reporting period.
As seen in Figure 6-10, the first reporting quarter appears to have the longest connection times
between the vehicles and EVSE. This may have been driven by several factors; for example, drivers
overcoming any initial range anxiety fears, because they may have wanted to ensure maximum battery
capacities. After the first reporting period, connection times ranged from 45 to 48% for residential EVSE,
22 to 28% for the private commercial EVSE, and 7 to 14% for public EVSE.

Figure 6-10. Average percentage of time the ChargePoint America EVSE had a vehicle connected for
each reporting period.
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Similar to the percentage of time a vehicle is connected, Figure 6-11 documents a much higher
percentage of time when a vehicle was drawing power during the first reporting period. After the first
reporting period, power draw times ranged from 8 to 9% for residential EVSE, 4 to 6% for private
commercial EVSE, and 2 to 7% for public EVSE.

Figure 6-11. Percent of time a vehicle was drawing power from the ChargePoint America EVSE, with the
average by EVSE type each reporting period.
Total energy used during all charging events for the duration of the data collection activity was
13,399 AC MWh. This equates to 7.3 kWh per charge event and 2,883 total kWh per EVSE during the
data collection activity.
The ChargePoint America Project scope did not include a vehicle data collection component to it;
therefore, the project does not allow a discussion of how much eVMT was enabled. However,
ChargePoint America data have provided significant value to INL’s classification of venues where EVSE
were sited, travel patterns, and other analysis. These results are discussed toward the end of this report,
where they are combined with results for other data collection activities.



2FWREHUWR'HFHPEHU5HVXOWV

In order to provide additional information about how PEV drivers used ChargePoint America EVSE,
results from the October to December 2013 reporting period are discussed in more detail.
As can be seen in Figure 6-12, public EVSE reported the most data, representing 52% of all
ChargePoint America EVSE reporting data. However, residential EVSE were used the most times, with
836 more charge events than public EVSE (Figure 6-13). Figure 6-14 shows that public EVSE actually
delivered the most energy to PEVs, with 51% of all electricity consumed. Along with the relatively short
amount of time public EVSE had a vehicle attached when compared to residential EVSE, it can be
assumed that public charging occurred when power was highly needed by drivers for charging their PEVs
and that drivers left their vehicle connected to EVSE overnight at residences, regardless of the SOC level.
Of course, given that residences are where people park their PEVs overnight while sleeping, the long
residential connection times are expected. Private commercial EVSE mostly supported commercial fleet
vehicles.
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Figure 6-15 highlights the difference between the percentage of time with a vehicle connected to
EVSE versus the percentage of time a vehicle is drawing power for the respective EVSE reporting
categories.
Figure 6-16 documents the percentage of EVSE with a vehicle connected and Figure 6-17 is the
EVSE electricity demand for all EVSE in the project during the reporting period. However, more
important curves that indicate how drivers used EVSE can be found when looking at the data for a single
EVSE type. For instance, Figures 6-18 and 6-19 show the connect times and demand curve at residential
EVSE, which varied significantly from the other sites.
EVSE at residential sites clearly had signicantly different connect and demand curves compared to
private commercial and public EVSE. Residential EVSE (Figure 6-18) with a vehicle connected on
weekdays, as represented by the median line, show how vehicles were starting to be disconnected at
6 a.m. as drivers head to work, school, etc., with the lowest percentage connected around 2 or 3 p.m. As
drivers returned to their residences, starting around 4 p.m., more and more vehicles were connected. From
about 6 p.m to 10 or 11 p.m., the slope of the vehicles being connected was steepest, with the most PEVs
connected to the EVSE during the post midnight hours.

Figure 6-12. Percentage of EVSE reporting data during the October to December 2013 reporting period
by EVSE type.

Figure 6-13. Percentage of charging events during the October to December 2013 reporting period.
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Figure 6-14. Percentage of electricity consumed during the October to December 2013 reporting period.

Figure 6-15. Percentage of time EVSE had a vehicle connected and drawing power.

Figure 6-16. The two graphs show, by time of day, the percentage of all EVSE with a vehicle connected
to it during the reporting period. The median percentage is the black line. Note that one is for weekdays
and the other is weekends.
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Figure 6-17. The two graphs show the electricity demand at all EVSE by time of day during the reporting
period. The median percentage is the black line. Note that one is for weekdays and the other is weekends.

Figure 6-18. The two graphs show, by time of day, the percentage of residential EVSE with a vehicle
connected to it during the reporting period. The median percentage is the black line. Note that one is for
weekdays and the other is weekends.
Looking at the residential median demand curve for weekdays (Figure 6-19), power demand was as
expected given the residential connected curves (Figure 6-18), with demand increasing significantly from
about 4 p.m. on. The first peak occurred around 9 p.m. and started to decrease until a little before
midnight. At midnight, it peaked again, suggesting that at least some of the EVSE were sited in electric
utility territories that offer TOU rates that start at midnight and drivers were aware of this and set their
vehicles or EVSE to take advantage of the reduced TOU rates. Demand increased significantly during
evening hours when many utilities experienced peak demand. However, given high connectivity after
midnight, there were opportunities to shift demand later in the night as seen with the TOU ranges in this
project and The EV Project.

Figure 6-19. The two graphs show the electricity demand at residential EVSE by time of day during the
reporting period. The median percentage is the black line. Note that one is for weekdays and the other is
weekends.
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Private commercial EVSE connect times were extremely flat (median line) on weekends
(Figure 6-20), suggesting fleet vehicles were connected to about 23% of the EVSE. During the weekday,
connect times (Figure 6-20) bumped up, starting around 7 a.m. and returned to the approximate 23% rate
after 6 p.m. This suggests that either vehicles that used these EVSE may have been vehicles driven to
work and charged there or general public visitors charged at the private commercial EVSE during the day
(although this was probably not as likely as the first scenario).

Figure 6-20. The two graphs show, by time of day, the percent of private commercial EVSE with a
vehicle connected to it during the reporting period. The median percentage is the black line. Note that one
is for weekdays and the other is weekends.
While a significant rise in demand on weekdays at the private commercial EVSE (Figure 6-21)
appears dramatic (and it is considering how much it rises from near zero at 6 p.m.), it should be viewed in
context of the graph scale. The peak demand on any one day (i.e., blue line) appears to have maxed out at
about 170 kW, which is still fairly low for the 174 private commercial EVSE providing data.
The weekday connect curve (Figure 6-22) for public EVSE suggests that workers may have used
EVSE to support driving of PEVs to work because the curves were so different for the weekdays and
weekends, with weekdays being more representative of traditional work days for the demographics of
many PEV drivers. Some errand running or shopping may have been connected with the daytime rise in
weekday connect times.
The public EVSE demand curve (Figure 6-23) followed the connect curve for public EVSE
(Figure 6-22), which would be expected. Given the demand profile, this suggests that peak demand would
be around 9 a.m., which is not an atypical time to arrive at work. Of course, this may also have resulted
from PEV drivers having arrived at other locations with public EVSE and plugging in, such as at
shopping malls, health clubs, libraries, or city centers.

Figure 6-21. The two graphs show electricity demand at private commercial EVSE by time of day during
the reporting period. The median percentage is the black line. Note that one is for weekdays and the other
is weekends.
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Figure 6-22. The two graphs show, by time of day, the percent of public EVSE with a vehicle connected
during the reporting period. The median percentage is the black line. Note that one is for weekdays and
the other is weekends.

Figure 6-23. The two graphs show electricity demand at public EVSE by the time of day during the
reporting period. The median percentage is the black line. Note that one is for weekdays and the other is
weekends.
Figures 6-24 and 6-25 document the length of time vehicles were connected to residential and public
EVSE. Residential EVSE had a significant number of charge events with a vehicle connected for a long
period of time (greater than 20 hours), while public EVSE mostly experienced much shorter connection
times. The distributions of length of time a vehicle drew power were fairly similar, with almost all
charging events less than 6 hours. Given that most PEVs charge at 3.3 or 6.6-kW rates, one would assume
the battery packs would have been completely charged within this period of time. However, it is possible
that the PEVs that charged may have included Tesla BEVs, which could have had a battery pack as large
as 85 kWh. Observing the amounts of energy transferred per charge event (Figures 6-26 and 6-27), it
would be reasonable to suggest that these vehicles were either Leaf or Volt drivers who drove their
vehicles to very low SOCs or some of the vehicles were Tesla or other BEVs with large battery packs,
which would also explain the long periods of time that some vehicles were drawing power from the
EVSE.

6-13

Figure 6-24. Residential EVSE length of time a vehicle was connected and drawing power.

Figure 6-25. Public EVSE length of time a vehicle was connected and drawing power.

Figure 6-26. Energy transferred per charge event at residential EVSE.
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Figure 6-27. Energy transferred per charge event at public EVSE.

 &KDUJH3RLQW$PHULFD3URMHFW6XPPDU\
INL’s reporting of EVSE use that was part of the ChargePoint America Project occurred from
May 2011 through December 2013. During the approximate 2.5 years of data collection, 4,647 EVSE
were used for 1,823,470 charge events or about 400 charge events per EVSE.
ChargePoint America Project EVSE data were combined with EVSE data from Blink’s ARRA EV
Project and AeroVironment’s deployment of EVSE data. This larger set of EVSE use patterns enabled a
more valuable analysis about the best sites for EVSE placement in order to maximize use of future EVSE.
This required a significant effort to characterize a single set of definitions and venues for more than
5,600 public EVSE. The results of this work and the popularity (as measured by high and low use rates)
of the public EVSE is discussed in another section of this report.
The specifics of the revenue model were not known; therefore, any impact that the imposition of costs
may have had on EVSE usage was unknown. However, it is believed that about 70% of the public EVSE
in the ChargePoint America Project were free to drivers needing a charge and EVSE hosts were the ones
that decided if a revenue model would be used.
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 86'HSDUWPHQWRI(QHUJ\*HQHUDO0RWRUV9ROW'HPRQVWUDWLRQ
6FRSHDQG2EMHFWLYHV
General Motors deployed a total of 150 EREV Volts (Figure 7-1). The project goal was to evaluate
the use of advanced EREV technology by commercial fleet drivers and how they utilized charging
infrastructure in order to take maximum advantage of the technology to reduce petroleum consumption.
The DOE/GM Chevrolet Volt Demonstration Project was one of five ARRA projects that INL collected
data for, with the first reporting period being May to June 2011. The electric utility fleet partners included
the following:
x

Austin Energy

x

DTE Energy

x

Dominion Energy

x

Duke Energy

x

PG&E

x

Pepco

x

Southern California Edison

x

Sacramento Municipal Utility District

x

EPRI.

Figure 7-1. Chevy Volt.
In addition to the partner organization fleets listed above, an additional 26 electric utilities
(Figure 7-2) also participated in the project as they received vehicles through EPRI’s participation. Each
participant fleet received at least one Chevy Volt for use in their commercial fleets. OnStar was also a
partner in this project because OnStar provided the Volt operations and charging data to INL. In addition
to the public reports, INL generated many reports internal to OnStar, GM, and their fleet partners.
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Figure 7-2. Locations of the Chevy Volt Project partners (black bold font) and the addional 26 utility
partners (light blue font).

 86'HSDUWPHQWRI(QHUJ\*HQHUDO0RWRUV9ROW'HPRQVWUDWLRQ
(OHFWULF9HKLFOH6XSSO\(TXLSPHQW7\SHV
This project did not have an EVSE deployment or EVSE data collection activity associated with it.
The only way the Volt could be charged was from AC Level 2 (208 to 240 V) EVSE or AC Level 1
(110 to 120 V) EVSE (i.e., standard household or commercial receptacles). It should be noted that OnStar
did provide vehicle-collected charging data to INL.

 86'HSDUWPHQWRI(QHUJ\*HQHUDO0RWRUV9ROW)HDWXUHV
The 2011 Chevrolet Volt is a compact class-sized vehicle with four sitting positions. The electric
motor is liquid cooled, with maximum power (torque) of 111 kW (370 Nm). The generator is also liquid
cooled, with maximum power of 55 kW (200 Nm) and maximum generator speed of 6,000 rpm. The
traction battery is of a lithium-ion design, manufactured by LG Chem, with a rated pack energy of
16 kWh. The Volt’s gasoline engine has a displacement of 1.4 liters and an output of 63 kW. A complete
list of the Volt’s specifications can be found at http://avt.inel.gov/pdf/EREV/fact2011chevroletvolt.pdf.
The testing report found at this link is not a project of the DOE/Volt demonstration being discussed in this
report.
The Volt is an all-electric-capable PHEV, also referred to as an EREV. As its name suggests, it is
capable of operating as a pure EV while in CD mode (i.e., energy in the traction battery pack), regardless
of the driver’s power demand. When operating in this mode, the Volt is essentially operating as a pure
BEV. In this BEV operating mode, the Volt is also referred to as being in EVM. All of its accessories,
including the climate control system, are capable of operating without running the ICE in non-extreme
temperature environments. Because there is always an exception to every statement, there are
environmental situations where the ICE will start to supply climate comfort. Depending on the vehicle’s
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features and settings, the gasoline ICE engine will start at a point below 30°F in order to heat the cabin
and defroster.
To operate the vehicle in EVM, the Volt’s 16-kWh battery pack must be charged from the electric
grid. As the vehicle is driven and its battery pack is depleted below a certain SOC, it transitions to ERM.
When in ERM, the ICE cycles on and off to drive an onboard generator, which charges the battery and
provides electricity for other vehicle systems. In ERM, the Volt can be thought of as operating like a
traditional hybrid EV.

 86'HSDUWPHQWRI(QHUJ\*HQHUDO0RWRUV9ROW'HPRQVWUDWLRQ
'HSOR\PHQWDQG'DWD&ROOHFWLRQ5DWH
INL started receiving driving and charging data from OnStar for 66 Chevrolet Volts during the May
to June 2011 reporting period. With the exception of the first report, which only covered 2 months, each
of the 12 quarterly reports was of 3-month durations. This project ended with the final data set received
by INL for the January to March 2014 quarter. A total of 150 Volts reported data to INL by the end of the
project; however, the maximum number of Volts reporting data for any reporting period was 146 vehicles
(Figure 7-3). It was typical that not all vehicles reported data each month for various reasons (such as
partners deciding to withdraw from a project or vehicles being involved in collisions). This is a very
common experience for a project of this type and magnitude.

Figure 7-3. Number of Volts reporting data to INL during each reporting period.
The miles accumulated for each reporting period can be seen in Figure 7-4. The amount of EVM
miles driven stayed fairly close to the ERM miles driven per reporting period. It may be worth reminding
readers that the 150 Volts were in commercial fleets and it appears the drivers either may not have been
as enthusiastic about maximizing eVMT as the public drivers in The EV Project or they simply had work
missions that did not allow as many eVMT due to their inability to charge during the work day or their
driving missions may simply have been significantly longer than the battery pack capacity.
As INL has found with many field demonstrations, including this project, past month’s data are
sometimes backfilled when another period of data arrives. Instead of potentially having several different
copies of the same quarterly report, a conscious decision was made to not rerun past reports and to wait
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for the summary report to use all backfilled data. The differences in total miles were low and the
differences in actual results, such as watt-hours per mile, and trip distance results were near non-existent.

Figure 7-4. Volt Demonstration Project mileage accumulation by report period and operating mode. Note
that All Operations contains the sum of EVM and ERM modes.
Volt data were collected via the OnStar telematics system and were transferred from OnStar servers
to INL servers.

 86'HSDUWPHQWRI(QHUJ\*HQHUDO0RWRUV9ROW
'HPRQVWUDWLRQ5HSRUWLQJ
The primary public reporting method was via 12 quarterly reports and the final report, which
documented data collection results for all fleets during each respective reporting period. The reports
included the following parameters. Note that vehicle performance is reported in the categories of All
Operation (combined EVM and ERM), EVM Operation, and ERM Operation. The parameters in the three
main categories of operations are as follows:
x

All Operation

Overall gasoline fuel economy (mpg)
- Overall AC electrical energy consumption (AC Wh/mi)
- Average trip distance
- Total distance traveled (miles)
- Average ambient temperature (degrees F)
x EVM Operation
-

-
-
-

Gasoline fuel economy (mpg)
AC electrical energy consumption (AC Wh/mi)
Distance traveled (miles)
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Percent of total distance traveled
- Average driving style efficiency (distance weighted)
x ERM Operation
-

Gasoline fuel economy (mpg)
AC electrical energy consumption (AC Wh/mi)
- Distance traveled (miles)
- Percent of total distance traveled
- Average driving style efficiency (distance weighted).
Additional information provided documented differences between operational modes and how drivers
operated the Volts. Both tables and graphs were used to highlight the results. The parameters include the
following:
-
-

x

The following parameters were given for city and highway driving:
-
-
-
-

x

Graphed data included the following:
-
-
-
-
-
-
-
-
-

x

Percent of miles in EV operation (%)
Percent number of trips
Average trip distance (miles)
Average driving style efficiency (distance weighted)
Percent distance driven for each driving style efficiency
Fuel economy and electric consumption by operating mode
Percent distance traveled by operating mode (EVM/ERM)
Percent distance traveled by route type (city/highway)
Distribution of average ambient temperatures
Time of day when driving
Time of day when charging
Battery SOC at end of charging prior to driving
Battery SOC at end of drive prior to plugging in.

The final set of parameters documents charging information and includes the following:
-
-
-
-
-
-
-
-

Average number of charging events per vehicle month
Average number of charging events per vehicle day
Average distance between charging events (miles)
Average number of trips between charging events
Average time charging per charging event (hour)
Average energy per charging event (AC kWh)
Average charging energy per vehicle month (AC kWh)
Total charging energy (AC kWh).

 86'HSDUWPHQWRI(QHUJ\*HQHUDO0RWRUV9ROW
'HPRQVWUDWLRQ5HVXOWV
Over the entire data collection period (total of 66,572 days of driving), the 150 Volt fleet average fuel
economy was 67.5 mpg and overall AC electrical energy consumption was 167 AC Wh/mile. Over the
entire data collection period, the AC electrical energy consumption, when operating in EVM, was 358 AC
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Wh/mile. The gasoline fuel economy when operating in ERM was 36.1 mpg. The fleet summary metrics
are shown in Figure 7-5.

Figure 7-5. Overall fleet fuel economy and electrical energy consumption.
In order to better understand how the fleet of vehicles were operated given the two operating modes
(i.e., EVM and ERM), a histogram was created to help visualize the distribution of distance traveled in
each operating mode for a given total trip distance. Figure 7-6 shows the percentage of total distance
traveled for both EVM and ERM across various trip distances for the entire fleet of 150 Volts during the
entire data collection period. The majority of miles driven in EVM were primarily of trip distances less
than 50 miles, with the largest percentage of total distance traveled during trips of 10 to 20 miles in
duration. Miles driven in ERM are more evenly distributed across all trip distances. The largest
percentage of total distance traveled in ERM occurred for trip distances greater than or equal to 100 miles.

Figure 7-6. Percent distance traveled in each operating mode.
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During real-world, on-road operation of the 150 Chevrolet Volts, the vehicles were used for a wide
variety of purposes, across a wide range of driving routes and geographical areas. As previously
mentioned, these routes were characterized into two categories: (1) city routes and (2) highway routes.
This was done in order to better understand and visualize vehicle utilization. Predominately, the city
driving routes had lower average vehicle speed with multiple stops per mile, whereas the highway driving
routes had a higher average vehicle speed with minimal stops per mile. Figure 7-7 shows the percentage
of total distance traveled for both city driving and highway driving for the entire fleet of 150 Volts for the
entire data collection period. The majority of the city route trip distances were less than 30 miles. In
contrast, the highway trips were more evenly distributed across trip distances, except for trip distances
greater than 100 miles and less than 10 miles. Those equal to or greater than 100 miles were significantly
the largest percentage of total distance traveled for highway driving routes.

Figure 7-7. Percent distance traveled for city or highway routes.
During driving, the Volt calculated driving style efficiency based on many parameters
(e.g., acceleration, vehicle speed, accessory utilization, and other factors). This driving style efficiency
impacted electrical energy consumption and fuel economy of the vehicle. The higher the driving style
efficiency, the better the fuel economy and electrical energy consumption. In order to understand and
characterize the fleets’ driving style efficiency in both EVM and ERM, a histogram was created.
Figure 7-8 shows the percentage of total distance traveled versus driving style efficiency for both EVM
and ERM, for the entire fleet of 150 Volts, for the entire data collection period. The average driving style
efficiency for the EVM and ERM were 78% and 77%, respectively. The distribution for EVM operation
had a slightly wider spread than for ERM. Also, the mode (i.e., most frequent occurrence) for EVM
operation occurred between 90 and 100% driving style efficiency, whereas the mode for ERM operation
occurs between 80 and 90% driving style efficiency.
For grid-connected vehicles, like the Volt, it is important to understand the driving patterns and
charging patterns. For the fleet of 150 Volts, the time of day when driving and charging occurred was
analyzed and are shown in Figures 7-9 and 7-10, respectively.
Figure 7-11 shows the SOC of the battery pack at the end of driving prior to plugging in. Nearly half
of these drive events ended with a battery SOC less than 10%, which indicates there was little to no
energy remaining in the battery pack. Figure 7-12 shows the SOC of the battery pack at the end of
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charging prior to driving. Over 80% of these charge events ended with a full battery pack (i.e., greater
than or equal to 90% SOC), which indicates that the vehicle would have had the opportunity to maximize
eVMT because energy stored in the battery pack was near maximized.

Figure 7-8. Percent distance traveled for each driving style efficiency.

Figure 7-9. Percent distance traveled versus time of day when driving.

7-8

Figure7-10. Percent of electrical energy delivered versus time of day when charging.

Figure 7-11. Distribution of battery SOC at the end of driving prior to plugging in.
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Figure 7-12. Distribution of battery SOC at the end of charging prior to driving.
Throughout the data collection period, additional analysis was conducted to determine other metrics
(e.g., percentage of total driving distance in EVM and ERM and fleet average driving distance between
charge events). Figure 7-13 shows the correlation between fleet average driving distance between charge
events and percentage of total distance traveled in EVM over the duration of the entire data collection
period. Near the beginning of the data collection period for the 150 Volts, the fleet average driving
distance between charge events was less than 40 miles and the percent of total distance traveled in EVM
was greater than 50%. As the demonstration progressed, driving and charging use of the vehicle changed.
By the end of the data collection period, the fleet average driving distance between charge events was
greater than 50 miles and the percent of total distance traveled in EVM was less than 40%. This shows a
correlation between the percentage of total distance traveled in EVM and the driving distance between
charge events. Decreasing the fleet average driving distance between charge events can increase the
percent of total distance traveled in EVM, which inherently improves fleet petroleum displacement by
driving more electric miles.
The data collection period for the fleet of 150 Volts nearly covers 3 years. This enabled analysis of
the impact of seasonal ambient temperature variation on vehicle fuel economy and electrical energy
consumption. Figure 7-14 shows the quarterly average ambient temperature impact, as averaged on a per
vehicle basis, on electrical energy consumption (AC Wh/mi) when driving in EVM and fuel economy
(mpg) when driving in ERM. At colder fleet average ambient temperatures (i.e., less than 60°F), a
measurable trend shows an increase in electrical energy consumption while driving in EVM and a
decrease in fuel economy when driving in ERM. For moderate temperatures (i.e., between 60 and 80°F),
there appears to be little to no impact of ambient temperature change on fuel economy or electrical energy
consumption.
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Figure 7-13. Impact of average distance driven between charge events on percent of total miles driven in
EVM.

Figure 7-14. Impact of quarterly average ambient temperature on fuel economy in ERM and electrical
energy consumption in EVM.
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 86'HSDUWPHQWRI(QHUJ\*HQHUDO0RWRUV9ROW'HPRQVWUDWLRQ
6XPPDU\
INL analyzed data from 150 Chevrolet Volts that were collected from May 2011 through March 2014
as part of the ARRA-funded DOE/GM Volt Demonstration Project. Quarterly reports were published at
http://avt.inel.gov/gmvehicledemo.shtml, which detailed the vehicle’s operational characteristics, fuel
economy, electrical energy consumption, driving and charging utilization, driving style efficiency, and
ambient temperature profiles. Over the period of data collection, the fleet of 150 Chevrolet Volts
accumulated 3.84 million miles over a total of 66,572 days of driving. Over the entire data collection
period, the fleet average gasoline fuel economy was 67.5 mpg and overall AC electrical energy
consumption was 167 AC Wh/mile. Additional metrics were analyzed to characterize and visualize their
impact on fuel economy and electrical energy consumption. These additional metrics include ambient
temperature, driving style efficiency, EVM and ERM operation, battery pack SOC utilization, route type,
and distance driven between charge events. For an example of the reports generated, see
http://avt.inel.gov/gmvehicledemo.shtml, which contains the final fact sheets with the above parameters
detailed for the complete project.
Results for the 150 Volts in the vehicle demonstration varied somewhat from the results for the
2,023 Volts in The EV Project. This is discussed in Section 9.
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The first phase of the Chrysler Ram PHEV Demonstration Project required Chrysler to deploy the
Rams (Figure 8-1) in a total of 18 fleets in the United States (Figure 8-2). This first phase resulted in
19 quarterly and monthly reports, and one summary report that documented deployment, vehicle
performance, and vehicle use from July 2011 through September 2012. A total of 111 Rams provided data
to INL during the first demonstration phase. The organizations that operated the Rams in their various
fleets during Phase 1 included the following:
x

Argonne National Laboratory

x

Central Hudson Gas and Electric

x

Center Point Energy

x

City of Auburn Hills, Michigan

x

City and County of San Francisco

x

City of Yuma, Arizona

x

Chrysler Headquarters

x

Colorado Tri-State Generation and Transmission Association

x

DTE Energy

x

Duke Energy

x

EPRI – two locations

x

INL

x

Massachusetts Bay Transportation Authority

x

National Grid

x

Nevada Energy – two locations

x

New York City Police Department

x

Sacramento Municipal Utility District.

Chrysler made the decision to switch battery manufacturers during the second phase of the
demonstration and the first monthly report of this phase was generated in November 2013. Phase 2
resulted in 11 monthly reports and one summary report that documented the deployment, vehicle
performance, and vehicle use through September 2014. A total of 22 Rams provided data to INL during
Phase 2 demonstration. The fleets that operated the Rams were during Phase 2 were as follows:
x

Center Point Energy

x

Colorado Tri-State Generation and Transmission Association

x

DTE Energy

x

Duke Energy

x

EPRI National Grid
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x

Sacramento Municipal Utility District.

It should be noted that during both data collection phases, INL also generated many reports internal to
Chrysler and their fleet partners. The primary objective of the Chrysler Ram PHEV Demonstration
Project included demonstration of PHEV pickup trucks in diverse fleets to understand customer usage.

Figure 8-1. Chrysler Ram PHEV Demonstration Project vehicle.

Figure 8-2. Locations of Ram PHEV Demonstration Project fleets during the first demonstration phase.
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 &KU\VOHU5DP3OXJ,Q+\EULG(OHFWULF9HKLFOH'HPRQVWUDWLRQ
(OHFWULF9HKLFOH6XSSO\(TXLSPHQW7\SHV
EVSE deployment and data collection were not part of this project, because this project was a
vehicle-focused demonstration. However, based on the parameter that identified the voltage going into the
Ram’s onboard charger, AC Level 1 (110 to 120 V) and AC Level 2 (208 to 240 V) charging events could
be segregated and reported on, including energy flows at both levels.

 &KU\VOHU5DP3OXJ,Q+\EULG(OHFWULF9HKLFOH
'HPRQVWUDWLRQ)HDWXUHV
The Ram was a blended-mode PHEV, with a two-mode hybrid transmission and two 65-kW electric
motors. It also had a 5.7-liter, 345-hp gasoline engine. The Phase 1 battery pack was a 12.9-kWh,
liquid-cooled Li-ion battery that could be charged at AC Level 1 or AC Level 2 at a rate up to 6.6 kW via
a SAE J1772 connector. The specific capacity of the battery during the Phase 2 deployment is not known.

 &KU\VOHU5DP3OXJ,Q+\EULG(OHFWULF9HKLFOH'HPRQVWUDWLRQ
'HSOR\PHQWDQG'DWD&ROOHFWLRQ5DWH


3KDVH&KU\VOHU5DP'HSOR\PHQWDQG'DWD&ROOHFWLRQ5DWH

For Phase 1 activities, INL started receiving driving and charging data from Chrysler for 10 Ram
PHEVs during the June 2011 reporting period. Both quarterly and monthly reports are available for this
project at: http://avt.inl.gov/chryslerram.shtml. A report for June 2012 is not available because the
number of miles was very low due to Chrysler updating the vehicle during this month. This phase of the
Ram PHEV Project ended with a final data set being received by INL for September 2012. A total of
111 Rams reported data to INL; however, the maximum number during any reporting period was
107 vehicles (Figure 8-3). Not all of the Ram PHEVs reported data each month for various reasons
(e.g., partners deciding to withdraw from a project or vehicles being involved in collisions). This is a very
common experience for a project of this type.
Data acquisition and downloading was performed via a data logger with a cellular modem. The
number of parameters collected and provided to INL was very rich, numbering several dozen.

Figure 8-3. Number of Ram PHEVs that reported data to INL during Phase 1.
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The miles accumulated per each reporting period can be seen in Figure 8-4. The Ram PHEV operates
in several modes and data were reported by each mode and as overall summaries. The modes are as
follows, noting that at nominal 0% SOC, there is still some energy in the traction battery with which the
vehicle functions as a hybrid:
x

Trips in CD mode

During these trips, there is energy in the Ram’s PHEV traction battery pack and it was being
depleted during the entire trip, but it never reaches nominal 0% SOC.
x Trips in both CD/CS mode
-

During these trips, there is energy in the Ram’s PHEV traction battery pack at the beginning of
the trip, but the Ram’s PHEV traction battery pack reaches nominal 0% SOC before the trip was
completed. In order to recharge the PHEV traction battery pack, the vehicle had to be connected
to the electric grid or some sources of distributed energy.
x Trips in CS mode
-

-

During these trips, there was no energy (nominal 0% SOC) in the Ram’s PHEV traction battery
pack at the start of the trip. In order to recharge the PHEV traction battery pack, the vehicle had
to be connected to the electric grid or some source of distributed energy.

Figure 8-4. Ram PHEV Demonstration Project mileage accumulation by reporting period. Note that “All
Modes” was the summary of CD, CD/CS, and CS modes.
The Ram reports also included results for all-trips-combined, which combines and reports the CD,
CD/CS, and CS mode data as a summary. Partial- or all-electric advanced vehicle technologies such as
the Ram PHEV can be extremely efficient compared to gasoline fueled vehicles. However, they must be
charged and charged frequently to maximize the value of their electric propulsion systems. Otherwise, the
technologies can appear to not provide any petroleum reduction benefits. Therefore, INL published the
results in the different trip modes (i.e., the CD, mixed CD/CS, and CS trip categories) in order to
document the petroleum reduction benefits of partial or all-electric drive technologies when drivers
charge the vehicles.
In Figure 8-4, it should be noted that the CD and CD/CS lines mostly overlap until the very last
months. This is not an indication of correlation. The number of CD trip miles was only 26% of the total
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miles driven; however, this is not a reflection on the technology. It may be worth reminding readers that
the 111 Ram PHEVs in Phase 1were placed in commercial fleets and it appears that the drivers may not
have been as enthusiastic as possible about maximizing eVMT, that they simply had work missions that
did not allow as many eVMT due to their inability to charge during the work day, or that their driving
missions may simply have been significantly longer than the battery pack’s capacity.
INL found that with many field demonstrations, including the Ram PHEV Demonstration Project,
past months data are sometimes backfilled when another period of data arrives. Instead of potentially
having several different copies of the same month’s report, a conscious decision was made to not rerun
past reports and to wait for the summary report. The differences in total miles if one sums the individual
reports and compares it to the summary report were low and the differences in actual results (such as the
Wh per mile and trip distance results) were near non-existent.



3KDVH&KU\VOHU5DP'HSOR\PHQWDQG'DWD&ROOHFWLRQ5DWH

As part of the Phase 2 activities, INL started receiving driving and charging data from Chrysler for
11 Ram PHEVs during the November 2013 reporting period. Both quarterly and monthly reports are
available for this project at: http://avt.inl.gov/chryslerram.shtml. The final phase of the Ram PHEV
project ended with a final data set received at INL for September 2014. A total of 22 Rams reported data
to INL (Figure 8-5). It is typical that not all vehicles report data each month for various reasons
(e.g., partners deciding to withdraw from a project or vehicles being involved in collisions). This is a very
common experience for a project of this type.
As in Phase 1, data acquisition and downloading were performed via a data logger with a cellular
modem. The number of parameter collected and provided to INL was very rich, again numbering several
dozen.

Figure 8-5. Number of Ram PHEVs reporting data to INL during each reporting period.
The miles accumulated for each reporting period can be seen in Figure 8-6. The Ram PHEV operates
in several modes and data are reported by each mode and in overall summaries. The modes are as follows,
noting that at nominal 0% SOC, there is still some energy in the battery with which the vehicle functions
as a hybrid, though the grid energy stored during charging is nominally depleted:
x

Trips in CD mode
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During these trips, there is energy in the Ram’s PHEV traction battery pack and it is being
depleted during the entire trip, but it never reaches nominal 0% SOC.
x Trips in both CD/CS mode
-

During these trips, there is energy in the Ram’s PHEV traction battery pack at the beginning of
the trip, but the Ram’s PHEV traction battery pack reaches nominal 0% SOC before the trip is
completed. In order to recharge the PHEV traction battery pack, the vehicle must be connected to
the electric grid or some sources of distributed energy.
x Trips in CS mode
-

-

During these trips, there is no energy (nominal 0% SOC) in the Ram’s PHEV traction battery
pack at the start of the trip. In order to recharge the PHEV traction battery pack, the vehicle must
be connected to the electric grid or some sources of distributed energy.

The Ram reports also include results for all-trips-combined, which combines and reports the CD,
CD/CS, and CS mode data as a summary.
The number of CD trip miles was 24% of the total miles driven. However, if the CD portion of miles
driven during the CD/CS trips is included, the total distance driven in CD mode rises to 33%. Remember
that the 22 Ram PHEVs were operated in most of the same commercial fleets in Phase 1 and it appears
that the drivers may not have been as enthusiastic as possible about maximizing electric miles, that they
simply had work missions that did not allow as many electric miles due to their inability to charge during
the work day, or that their driving missions may simply have been significantly longer than the battery
pack’s capacity.

Figure 8-6. Ram PHEV Demonstration Project mileage accumulation by reporting period. Note that “All
Modes” is the sum of the CD, CD/CS, and CS modes.

 &KU\VOHU5DP3OXJ,Q+\EULG(OHFWULF9HKLFOH
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The primary reporting method was via 19 monthly and quarterly reports and a final summary fact
sheet, which documented data collection analysis and results for each respective reporting period. The
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reports included the following parameters. Vehicle performance was reported in the categories of all trips,
CD trips, mixed CD/CS trips, and CS trips. The parameters in the four main categories of operations are
listed as follows. Note that these reported results are summaries for both city and highway operations.
x

All Trips Combined
-
-
-
-
-
-

x

Trips in CD Mode
-
-
-
-
-
-

x

Gasoline fuel economy (mpg)
DC electrical energy consumption (DC Wh/mile)
Number of trips
Percent of trips city/highway
Distance traveled (mile)
Percent of total distance traveled

Trips in both CD/CS Modes
-
-
-
-
-
-

x

Overall gasoline fuel economy (mpg)
Overall AC electrical energy consumption (AC Wh/mile)
Overall DC electrical energy consumption (DC Wh/mile)
Overall DC electrical energy captured from regenerative braking (DC Wh/mile)
Total number of trips
Total distance traveled (miles)

Gasoline fuel economy (mpg)
DC electrical energy consumption (DC Wh/mile)
Number of trips
Percent of trips city/highway
Distance traveled CD/CS (miles)
Percent of total distance traveled CD/CS

Trips in CS Mode
-
-
-
-
-

Gasoline fuel economy (mpg)
Number of trips
Percent of trips city/highway
Distance traveled (mile)
Percent of total distance traveled.

Additional information was provided that further breaks down Ram performance and was used for
CD, CD/CS, and CS trips. This information was provided both for the city and highway portions of the
three trip categories. The reported parameters in this section of the fact sheet were as follows:
x

Trips in CD Mode
-
-
-
-
-

x

Gasoline fuel economy (mpg)
DC electrical energy consumption (DC Wh/mile)
Percent of miles with ICE off
Average trip aggressiveness
Average trip distance (miles)

Trips in CD/CS Mode
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-
-
-
-
-
x

Gasoline fuel economy (mpg)
DC electrical energy consumption (DC Wh/mile)
Percent of miles with ICE off
Average trip aggressiveness
Average trip distance (miles)

Trips in CS Mode
-
-
-
-

Gasoline fuel economy (mpg)
Percent of miles with ICE off
Average trip aggressiveness
Average trip distance (miles).

An additional section documented the charging activities and driving behaviors between charge
events. The reported parameters included the following:
x

Plug-in charging
-
-
-
-
-
-
-
-
-
-
-
-
-

Average number of charging events per vehicle per month when driven
Average number of charging events per vehicle per day when driven
Average distance driven between charging events (miles)
Average number of trips between charging events
Average time charging per charging event (hours)
Average energy per charging event (AC kWh)
Average charging energy per vehicle per month (AC kWh)
Total number of charging events
Number of charging events at AC Level 1 and AC Level 2
Total charging energy consumed (AC kWh)
Charging energy consumed at AC Level 1 and AC Level 2 (AC kWh)
Percent of total charging energy from AC Level 1 and AC Level 2
Average time to charge (in hours) from 20 to 100% SOC at AC Level 1 and AC Level 2.

In addition to the above reported parameters, the fact sheets also documented the number of vehicles
and number of vehicle days driven that the data represent, as well as the reporting period. Several graphs
were used to bin results and provide comparative graphical results:
x

Graphed data included the following:
-
-
-
-
-
-
-
-

Gasoline fuel economy by trip type
Distance traveled by trip type
Percent of drive time by operating mode
Effect of driving aggressiveness on fuel economy
Trip fuel economy distribution by trip type
Time of day when driving
Time of day when charging
Time of day when plugging in.

8-8



3KDVH&KU\VOHU5DP3OXJ,Q+\EULG(OHFWULF9HKLFOH'HPRQVWUDWLRQ
5HSRUWLQJ

The primary reporting method for Phase 2 was via 11 monthly fact sheets and the final summary fact
sheet, which included the same parameters as the Phase 1 fact sheets (see Section 8.5.1). The only
difference was some enhanced graphics, but the content was identical.

 &KU\VOHU5DP3OXJ,Q+\EULG(OHFWULF9HKLFOH
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In an effort to best capture the petroleum reduction benefits of partial electric propulsion, the results
were reported by each operating mode and the following two categories: (1) city routes and (2) highway
routes. This was done in order to better understand and visualize vehicle utilization. Predominately, the
city driving routes were a lower average vehicle speed with multiple stops per mile, whereas the highway
driving routes had a higher average speed with minimal stops per mile.
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Over the entire data collection period and a total of 18,620 days of driving, the fleet average fuel
economy was 19 mpg and the overall AC electric energy consumption was 90 AC Wh/mile and 61 DC
Wh/mile. Over the entire data collection period, electric energy consumption, when operating in CD
mode, was 213 DC Wh/mile and fuel economy was 23 mpg. Fuel economy when operating in CD/CS
mode was 21 mpg and electric energy consumption was 68 DC Wh/mile. Fuel economy when operating
in CS mode was 17 mpg.
The majority of the 1,039,138 miles driven during Phase 1 were in CS mode (Figure 8-7), which
resulted in 52% of the trips being started (Figure 8-8) with no available grid energy in the PHEV battery
pack. In each operating mode, the vast majority of trips were city routes (Figure 8-9).

Figure 8-7. Distances driven by operating mode for the Ram PHEVs in Phase 1.
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Figure 8-8. Trips driven by operating mode for the Ram PHEV in Phase 1.

Figure 8-9. Ram PHEV city and highway trips driven.
The Rams achieved the highest gasoline fuel economy during highway cycles while in CD mode
(Figure 8-10), which would be expected for trips driven with energy in the battery pack the entire trip.
The highest use of electricity per mile occurred during city driving while in CD mode (Figure 8-11).
At first glance, it would be expected that the highest mpg results occur during the same type of driving,
when the most electricity per mile was being used; however, the energy required to repeatedly accelerate
a heavy vehicle like the Ram during city driving had a greater influence on mpg results than the higher
use of electric propulsion. In addition, aggressive driving will also have an influence on energy use. As
seen in Figure 8-12, during CD mode and city driving operations, the highest aggressiveness was
measured, which impacted mpg results. Aggressiveness was a measure (8-12) of how much energy was
required for acceleration during a trip (Figure 8-13).
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Figure 8-10. Gasoline fuel economy by operating mode and drive cycle.

Figure 8-11. Electricity use by operating mode and drive cycle.

Figure 8-12. Calculations used to determine the aggressiveness of trips.
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Figure 8-13. Average trip aggressiveness by operating mode and drive cycle.
As can be seen in Figure 8-14, the least driving aggressiveness can result in approximately twice as
high average mpg results.

Figure 8-14. Driving aggressiveness impacts on petroleum use.
Another factor that can impact petroleum use is trip distances driven. As seen in Figure 8-15, shorter
trip distances could allow for more proportional use of the electric propulsion if the battery pack is fully
charged at the beginning of each trip, though very short trips may reflect more heavily on cold-start fuel
consumption.
For grid-connected vehicles, it is important to understand driving patterns and charging patterns. For
the fleet of Ram PHEVs, the time of day when driving and charging occurred was analyzed and are
shown in Figures 8-16 and 8-17, respectively. Driving primarily occurred during the daytime, with a
moderate increase between 6:00 and 8:00 a.m. and 3:00 and 5:00 p.m. local time. Charging primarily
occurred during the daytime.
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The time of day when plugging in (Figure 8-18) is closely followed by the time of day when
charging.
AverageTripDistance
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Figure 8-15. Average trip distances by operating mode and drive cycle.

Figure 8-16. Time of day when Ram PHEVs were driven.
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CSMode

Figure 8-17. Time of day when Ram PHEVs were charged.

Figure 8-18. Time of day when Ram PHEVs were plugged in for charging.
Because of the design of the Ram’s PHEV control system, the gasoline engine will shut off at times,
including when the vehicle is stopped and sometimes when driving (Figure 8-19). Figure 8-20 highlights
the percentage of miles driven by operating mode and drive cycle when the gasoline engine was stopped.
The significance of Figures 8-19 and 8-20 is that the PHEV control system stopped the gasoline engine up
to 37% of the time and 15% of all miles driven in CD mode during city driving. Of course, stopping the
engine results in periods of no fuel use and greater reductions in petroleum consumption. An additional
Ram PHEV feature included shutting down four of the eight cylinders as power demands warranted.
Looking at plug-in charging statistics (Table 8-1), several observations can be drawn about why more
electric miles were not achieved by fleet operators. Less than one charge event occurred per day, the
average distance between charging events was high at 70.6 miles, and 7.6 trips were taken between
charge events. Given that this equates to an average of 9.3 miles per trip, it appears that there may have
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been many opportunities to at least charge at AC Level 1. This of course depends on the mission of the
vehicles and if a grid connection is nearby.

Figure 8-19. Percent of drive time when the Ram’s gasoline engine was either stopped, spinning, or
idling.

Figure 8-20. Percent of miles by operating mode and drive cycle when the Ram’s gasoline engine was
stopped.
Table 8-1. Plug-in charging statistics for Ram PHEVs during Phase 1.
Plug-In Charging
Average number of charging events per vehicle per month when driven
Average number of charging events per vehicle per day when driven
Average distance driven between charging events (miles)
Average number of trips between charging events
Average time charging per charging event (hours)
Average energy per charging event (AC kWh)
Average charging energy per vehicle per month (AC kWh)
Total number of charging events
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11.27
0.79
70.6
7.6
2.38
6.35
71.55
14,712

Plug-In Charging
Number of charging events at AC Level 1/AC Level 2
Total charging energy consumed (AC kWh)
Charging energy consumed at AC Level 1/AC Level 2 (AC kWh)
Percent of total charging energy from AC Level 1/AC Level 2
Average time to charge from 20 to 100% SOC AC Level 1/AC Level 2
(hours)



3,556
22,220
24%
12.62

11,073
93,374
71,144
76%
2.87
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Over the entire data collection period and a total 4,050 individual vehicle days of driving, the fleet
average fuel economy was 20 mpg and the overall electric energy consumption was 87 AC Wh/mile and
65 DC Wh/mile. Over the entire data collection period, energy consumption when operating in CD mode
was 201 DC Wh/mile and the fuel economy was 25 mpg. The fuel economy when operating in CD/CS
mode was 21 mpg and electric energy consumption was 67 DC Wh/mile. The fuel economy when
operating in CS mode was 18 mpg.
The majority of the 250,478 miles driven during Phase 2 was in CS mode (Figure 8-21), which results
from 48% of the trips being started (Figure 8-22) with no grid energy in the traction battery pack. In each
operating mode, the vast majority of trips taken were city routes (Figure 8-23).
The Rams achieved highest mpg results during highway cycles while in CD mode (Figure 8-24),
which would be expected for trips driven with energy in the battery pack the entire trip. The highest use
of electricity per mile occurred during city driving while in CD mode (Figure 8-25).

Figure 8-21. Distances driven by operating mode for Ram PHEVs in Phase 2.

8-16

Figure 8-22. Trips driven by operating mode for the Ram PHEV in Phase 2.

Figure 8-23. Ram PHEV city and highway trips driven.

Figure 8-24. Gasoline fuel economy by operating mode and drive cycle.
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Figure 8-25. Electricity use by operating mode and drive cycle.
At first glance, it would be expected that the highest mpg results would occur during the same type of
driving when the most electricity per mile was being used; however, the type of energy required to
repeatedly accelerate a higher weight vehicle, like the Ram during city driving, had a greater influence on
mpg results than the higher use of electric propulsion. In addition, aggressive driving will have an
influence on energy use. As seen in Figure 8-26, during CD mode and city driving operations, the highest
aggressiveness was measured, which impacted mpg results. Aggressiveness is a measure of how much
energy was required for accelerations during a trip (Figure 8-27). As can be seen in Figure 8-28, less
aggressiveness can result in approximately twice as high mpg results.

Figure 8-26. Average trip aggressiveness by operating mode and drive cycle.

Figure 8-27. Calculations used to determine a trip’s aggressiveness.
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Figure 8-28. Impacts of driving aggressiveness on petroleum use.
Another factor that can impact petroleum use is trip distances driven. As seen in Figure 8-29, shorter
trip distances would allow for more proportional use of electric propulsion if the battery pack is fully
charged at the beginning of each trip.

Figure 8-29. Average trip distances by operating mode and drive cycle.
For grid-connected vehicles, it is important to understand driving patterns and charging patterns. For
the fleet of Ram PHEVs, the time of day when driving and charging occurred was analyzed and is shown
in Figures 8-30 and 8-31, respectively. Driving primarily occurred during the daytime, with much less
driving from late night to early morning. Charging primarily occurred during the daytime, with the
highest group of charging occurring between 6:00 and 9:00 a.m. The time of day when plugging in
(Figure R-32) was closely followed by the time of day when charging occurs and the highest grouping of
when the Rams were plugged in occurred between 5:00 and 8:00 a.m., with the second highest point at
mid-day.
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Figure 8-30. Time of day when Ram PHEVs were driven.

Figure 8-31. Time of day when Ram PHEVs were charged.

Figure 8-32. Time of day when Ram PHEVs were plugged in for charging.
Because of the design of the Ram’s PHEV control system, the gasoline engine shut off at times,
including when the vehicle was stopped and when driving (Figure 8-33).
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Figure 8-33. Percent of drive time when the Ram’s gasoline engine was either stopped, spinning, or
idling.
Figure 8-34 highlights the percentage of miles driven by operating mode and drive cycle when the
gasoline engine was stopped. Figures 8-33 and 8-34 show that the PHEV control system stopped the
gasoline engine up to 21% of the drive time and 12% (Figure 8-34 city driving and CD mode) of all miles
driven. Of course, stopping the engine results in no fuel being used and a greater reduction in petroleum
use. An additional Ram PHEV feature was shutting down four of the eight cylinders as power demands
warranted.

Figure 8-34. Percent of miles by operating mode and drive cycle when the Ram’s gasoline engine was
stopped.
Looking at plug-in charging statistics (Table 8-2), several observations can be drawn as to why more
electric miles were not achieved by fleet operators. There was less than one charge event per day, the
average distance between charging events was high at 58.8 miles, and 4.6 trips were taken between
charge events. Given that this equates to an average of 12.8 miles per trip, it appears that there may have
been many opportunities to at least charge at AC Level 1. This of course depends on the mission of the
vehicles and if a grid connection was nearby.
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Table 8-2. Plug-in charging statistics for Ram PHEVs during Phase 2.

Plug-In Charging
Average number of charging events per vehicle per month when driven
Average number of charging events per vehicle per day when driven
Average distance driven between charging events (miles)
Average number of trips between charging events
Average time charging per charging event (hours)
Average energy per charging event (AC kWh)
Average charging energy per vehicle per month (AC kWh)
Total number of charging events
Number of charging events at AC Level 1/AC Level 2
Total charging energy consumed (AC kWh)
Charging energy consumed at AC Level 1/AC Level 2 (AC kWh)
Percent of total charging energy from AC Level 1/AC Level 2
Average time to charge from 20 to 100% SOC (hours) AC Level 1/
AC Level 2

AC Level 1
(When
Applicable)

794
3,246
15%
11.51

AC Level 2
(When
Applicable)
21.32
1.05
58.76
4.62
1.56
5.08
108.35
4,263
3,383
21,670
18,418
85%
2.23
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INL analyzed data from 111 Chrysler Ram PHEVs during the Phase 1 project from July 2011 through
September 2012 as part of the ARRA Chrysler Ram PHEV Demonstration Project. Quarterly reports were
published to http://avt.inel.gov/chryslerram.shtml, which detailed vehicle operational characteristics, fuel
economy, electrical energy consumption, driving and charging utilization, driving style efficiency, and
ambient temperature profiles. Over the period of data collection, the fleet of 111 Chrysler Rams
accumulated a total of 1.04 million miles over a total of 18,620 days of driving. Over the entire data
collection period, the fleet’s average fuel economy was 19 mpg and the overall AC electrical energy
consumption was 90 AC Wh/mile and 61 DC Wh/mile. Additional metrics were analyzed to characterize
and visualize their impact on fuel economy and electrical energy consumption. These additional metrics
included ambient temperature, driving style efficiency, EVM and ERM operation, battery pack SOC
utilization, route type, and distance driven between charge events.
Results for Phase 1 Chrysler Ram PHEVs varied somewhat from the Phase 2 Ram PHEVs; this will
be discussed in Section 8.7.3.
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INL analyzed data from 22 Chrysler Ram PHEVs during Phase 2 of the project from November 2011
through September 2014 as part of the ARRA Chrysler Ram PHEV Demonstration Project. Quarterly
reports were published to http://avt.inel.gov/chryslerram.shtml, which detailed vehicle operational
characteristics, fuel economy, electrical energy consumption, driving and charging utilization, driving
style efficiency, and ambient temperature profiles. Over the period of data collection, the fleet of
22 Chrysler Rams accumulated a total of 250,000 miles over 4,050 total days of driving. During the entire
data collection period, the fleet average fuel economy was 20 mpg and overall electrical energy
consumption was 87 AC Wh/mile and 65 DC Wh/mile. Additional metrics were analyzed to characterize
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and visualize their impact on fuel economy and electrical energy consumption. These additional metrics
include ambient temperature, driving style efficiency, EVM and ERM operation, battery pack SOC
utilization, route type, and distance driven between charge events.
Results for the 22 Phase 2 Chrysler Ram PHEVs varied somewhat from the 111 Phase 1 Ram
PHEVs; this will be discussed in Section 8.7.3.
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The number of vehicles in each phase was significantly different, which suggests that ambient
temperatures and terrain were likely much different. In addition, drivers as a total fleet group may have
been different. In addition, it is not known if the vehicles were modified in any way beyond changing the
traction battery pack manufacturer. What can be noted is the change in relative vehicle driver behavior in
terms of increasing the frequency of charge events and the higher percentage of charge events being
performed at AC Level 2 versus AC Level 1.
As seen in Figure 8-35, during Phase 2, the amount of average charges events per vehicle month
almost tripled (i.e., from 11 to 31) when comparing Phase 2 to Phase 1 and, as would be expected, the
average number of miles driven per charge event decreased from 71 to 59 miles during Phase 2. Again, as
would be expected, the average AC energy used during charging increased from Phase 1 to 2, from 71.6
to 108.4 AC kWh per month.

Figure 8-35. Average number of charging events per vehicle per month when driven
(Charges/Vehicle/Month), average distance driven between charging events in miles (Ave Miles/Charge
Event), and average charging energy per vehicle per month AC kWh (Ave AC kWh/Month) for Phases 1
and 2.
As seen in Figure 8-36, the average number of trips per charging event went from 7.6 in Phase 1to 4.6
in Phase 2, which also indicates a higher frequency of charging. However, the average time in hours per
charge event went down 34% from Phase 1 to Phase 2. The average AC kWh energy per charge event
also went down, but only by 20%. This proportionally lower decrease in energy per charge event is likely
the result of greater use of AC Level 2 EVSE over AC Level 1 EVSE (Figure 8-37).
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Figure 8-36. Average number of trips between charging events (Ave # Trips/Charge), average time
charging per charge event in hours (Ave Time/Charge (Hr)), and average energy per charging event in
AC kWh (Ave AC kWh/Charge) for Phases 1 and 2.

Figure 8-37. Percent of charge events that occurred at AC Levels 1 and 2 during the Phases 1 and 2.
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The EV Project was the largest and most complex of several ARRA projects from which INL
collected data because it included data streams from several partners and it was the largest ever
deployment of charging infrastructure and PEVs as a research project, with the first reporting period from
January to March 2011. INL was able to count the number of EVSE and PEV deployed by reporting the
number of PEVs and EVSE reporting data. INL was not tasked with field inspections.
The Nissan Leaf sales rollout plan defined the initial five regions of The EV Project, anticipating
these five regions to be the locations of early adopters of PEVs. The initial scope of The EV Project as
agreed to by DOE was as follows:
x

Deploy 4,700 Nissan Leaf BEVs, Blink EVSE, and DCFC in the following five regions:

Phoenix and Tucson, Arizona
- San Diego, California
- Portland, Eugene, Corvallis, and Salem, Oregon
- Chattanooga, Knoxville, and Nashville, Tennessee
- Seattle, Washington
x Establish a mature charging infrastructures to support deployment of the Nissan Leafs
-

x

Identify and resolve barriers to infrastructure deployment

x

Develop an infrastructure utilization database

x

Evaluate infrastructure effectiveness

x

Develop models for future infrastructure deployment

x

Develop an infrastructure deployment model to support deployment of the first 5 million PEVs.

The general uptake of the Leafs was slower than initially expected when the project was first
designed. In order to increase the number of vehicles in The EV Project, additional models and project
areas were included. A timeline of events can be found in Table 9-1. In should be noted that ECOtality
held the initial EV Project contract; however, during the fall of 2013, Blink (including The EV Project)
was purchased by the Car Charging Group. Car Charging continued to provide data to INL, as did
GM/OnStar, Nissan, and Car2Go, after INL signed new non-disclosure agreements with each
organization. The official end of The EV Project data collection period was the end of December 2013.
Table 9-1. Timeline of significant events in The EV Project.
Date
Event
October 2009
Contract signed. Nissan Leaf markets included the following:
x Phoenix/Tucson, Arizona
x San Diego, California
x Portland, Eugene, Corvallis, and Salem, Oregon
x Seattle, Washington
x Knoxville, Chattanooga, and Nashville, Tennessee.
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Date
Spring 2010

Late 2010/Early
2011
December 2010

April 2010
Autumn 2011
August 2012

Fall 2013
December 31, 2013

Event
Chevrolet Volts were added. Markets added included the following:
x Los Angeles, California (both Leaf and Volt)
x Washington D.C. (Volt only)
x Dallas and Houston, Texas (Volt only).
San Francisco, California was added (Leafs only).
Residential deployment begins with just a handful of participants. The first
20 or 30 units installed were Clipper Creek non-networked units and they
were replaced in February 2011 with Blink residential “smart” EVSE.
First AC Level 2 EVSE units were deployed in commercial locations.
First AC Level 2 DCFC were deployed in Tennessee at Cracker Barrel
restaurants.
Chicago, Illinois; Philadelphia, Pennsylvania; and Atlanta, Georgia added
(Leafs and Volts).Volts allowed in EV Project markets that previously only
included Leafs, except in San Francisco, which remained the only market
exclusive to one vehicle (i.e., Leafs).
Car Charging Group bought the Blink assets.
EV Project data collection ended.

After project areas were added, The EV Project included 16 regions in nine states and the District of
Columbia:
x

Phoenix, Arizona metropolitan area

x

Tucson, Arizona metropolitan area

x

Los Angeles, California metropolitan area

x

San Diego, California metropolitan area

x

San Francisco, California metropolitan area

x

Washington, D.C. metropolitan area

x

Oregon State

x

Chattanooga, Tennessee metropolitan area

x

Knoxville, Tennessee metropolitan area

x

Memphis, Tennessee metropolitan area

x

Nashville, Tennessee metropolitan area

x

Dallas/Fort Worth, Texas metropolitan area

x

Houston, Texas metropolitan area

x

Washington State

x

Chicago, Illinois metropolitan area

x

Atlanta, Georgia metropolitan area

x

Philadelphia, Pennsylvania metropolitan area.
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The primary research objective of The EV Project was development of a PEV charging network that
would facilitate analysis and study of where future EVSE should be installed. Creation of a living
laboratory that would identify various business models would enable deployment of the next 5 million
PEVs by using lessons learned to facilitate efficient mass deployment of charging infrastructure and
PEVs. This would also include identifying driver’s preferences for charging at home, work, and public
sites, as well as they best public venues for installing EVSE. In addition, drivers would identify the type
of charging they prefer: AC Level 2 EVSE or DCFC.

 (93URMHFW(OHFWULF9HKLFOH6XSSO\(TXLSPHQW7\SHV
Two types of EVSE were deployed in The EV Project and they are described as follows:
x

A single AC Level 2 “port” or cord and connector set in a single EVSE with a SAE J1772-compliant
connector. These units differed in design and they included residential installations that hung on a
wall (Figures 9-1 and 9-2), public with a pedestal design (Figure 9-3), or public wall mounted
(Figures 9-4 and 9-5).

x

The second design is a DCFC. It is technically classified as a DC AC Level 2 unit, with the ability to
fast charge a fast-charge capable PEV. It uses the CHAdeMO fast charging protocol. Two connectors
shared a single fast charger internal to the unit (Figure 9-6).

Figure 9-1. EV Project residential EVSE hung on a residential garage wall.
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Figure 9-2. EV Project residential EVSE hung on the side of a house.

Figure 9-3. EV Project public EVSE in the Seattle, Washington area.

Figure 9-4. EV Project commerical EVSE installation in the Oak Ridge, Tennessee area.
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Figure 9-5. EV Project EVSE at the parking lot of a fuel station in San Diego, California.

Figure 9-6. EV Project DCFC installation in the Phoenix, Arizona area. The DCFC is charging a Nissan
Leaf.

 (93URMHFW'HSOR\PHQWDQG'DWD&ROOHFWLRQ5DWH
The EV Project was unique in that it was the only ARRA project that involved multiple data streams
being received by INL for a single project. In addition to the Blink EVSE and DCFC data, INL also
received data from OnStar/GM, Nissan via their CARWINGS telematics provider, and Car2Go (a
subsidiary of Daimler). Sections 9.3.1 and 9.3.2 discuss the deployment and data collection rates for AC
Level 2 EVSE, DCFC, and PEVs.
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The overall locations and totals for the EVSE and DCFC deployments in The EV Project can be seen
in Figure 9-7. A total of 12,356 Blink EVSE and DCFC were deployed and whose use was reported by
INL.

Figure 9-7. Locations and total number of EVSE reporting data through the end of The EV Project, which
was December 2013. The map includes the installations by EVSE type.
Not every EVSE or DCFC reported a charge event for each reporting period. There are multiple
reasons for EVSE or DCFC to not report a charge event from one quarter to the next. For instance, the
unit may have been vandalized, it may have been run over by a vehicle, or it simply may not have been
used because of something like a construction barrier being placed in front of it (Figure 9-8). Another
factor in the number of EVSE and DCFC reported was the number of EVSE installed at a single location.
Generally, when two or more EVSE were installed at the same public site, the EVSE closest to the
entrance of a store, transportation center, or elevator would have the highest number of charge events.
While a total of 12,256 individual EVSE and DCFC units (Figure 9-9) reported data over the life of
the project, the highest number of units reporting data during any one reporting period was approximately
9,200 units (Figure 9-10); this number comes from the quarterly reports. Certain criteria had to be met in
order for an EVSE to appear in the report. For instance, for a residential EVSE to be included in the report
it had to have had a charge event and the PEV that was matched to that individual residential EVSE also
had to have reported data during that reporting period.
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Figure 9-8. A temporary construction barrier was placed in front of a Blink AC Level 2 EVSE and a Blink
DCFC. Prior to access being blocked, this DCFC unit was among the most highly used units in the EV
Project.

Figure 9-9. The number of EV Project residential EVSE, commercial EVSE (which includes both public
and private non-residential EVSE), and DCFC cumulatively reporting charge event data to INL by project
week.
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Figure 9-10. The number of EV Project residential EVSE, public EVSE, private access non-residential
EVSE (i.e., Pri. Non-Res), and DCFC reporting charge event data to INL during each reporting period.
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The overall number of Nissan Leafs, Chevrolet Volts, and Smart Electric Drives (all PEVs) that
participated in The EV Project in each of the project areas can be seen in Figure 9-11. A total of
8,228 PEVs (Figure 9-12) were enrolled and reported data during the duration of the project. The very
first PEVs were deployed in late 2010 and actual reporting started during the first quarter of 2011
(i.e., January to March). Quarterly reporting was the norm throughout the duration of the project and the
last quarterly report covered the fourth quarter (i.e., October to December) of 2013.
Not every PEV participated in The EV Project during all reporting quarters for several reasons,
including the following:
x

PEVs started to provide data as people bought them and not all PEVs were bought in the first
reporting quarter

x

Sometimes PEVs were involved in traffic accidents

x

People moved out of The EV Project regions

x

PEVs may not have been driven

x

Participants did sometimes choose to drop out of The EV Project.

While a total of 8,228 individual PEVs (Figure 9-12) reported data over the life of the project, the
highest number reporting during any one reporting period was approximately 6,519 PEVs (Figure 9-13),
with this number coming from the quarterly reports. Certain criteria had to be met in order for a PEV to
appear in the report. For instance, for a PEV to be included in the report, the residential EVSE it was
paired with must also have reported a charge event at that residence during that reporting period.
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Figure 9-11. Locations and total number of PEVs reporting data in The EV Project through the end of The
EV Project, which was December 2013. The map includes PEVs by vehicle model.

Figure 9-12. Cumulative number (#) of PEVs that were deployed and reported data to INL during the
duration of The EV Project.
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Figure 9-13. Number of PEVs reporting data and included in The EV Project’s quarterly reports.
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The primary reporting method for The EV Project was via quarterly reports, which documented both
cumulative data collection to-date for each region and nationally. However, unlike other ARRA projects
that INL performed analysis and generated reports on, The EV Project had multiple data sources, or data
streams, that allowed for combining data streams in order to develop much more reporting detail. For
instance, by matching a PEV with a residential EVSE, driver preferences for charging events and
locations could be identified by residential versus public charging venues. This included AC Level 2
public charge events versus charge events at DCFC public locations. While a small percentage of EV
Project report readers, who were very familiar with The EV Project reports, could glean results, trends,
and relationships in how PEV drivers operated and charged their vehicles, most readers preferred some
summarization of the results. For this reason, lessons learned white papers were developed as The EV
Project progressed. The content of the quarterly reports grew as more PEVs were introduced and the level
of detail increased in the individual reports, especially the quarterly infrastructure reports.
Eventually, the quarterly reports were expanded to include regional results, results by EVSE location
type (i.e., residential; public; private non-residential, which basically means fleet or work locations; and
DCFC, which were always publicly sited), and time-of-day charging availability and demand quartile
figures. As The EV Project grew in size, in terms of the number of EVSE and PEVs deployed and
producing data and the number of regions increased, the quarterly infrastructure report grew from 2 pages
initially to 122 pages of results in each of the last two quarterly reports.
At the end of The EV Project, the quarterly reports had evolved into five standard reports and two
different maps. These seven different and unique reports were as follows for the last reporting period:
x

Observations from The EV Project: October to December 2013

x

Overview Report: Project To-date through December 2013

x

Nissan Leaf Vehicle Summary Report: October to December 2013 (pdf) (data)

x

Chevrolet Volt Vehicle Summary Report: October to December 2013 (pdf) (data)

x

EV Charging Infrastructure Summary Report: October to December 2013 (pdf) (data)
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x

Blink Charging Units Map – Project To-date through December 2013

x

Nissan Leafs and Chevrolet Volts Map – Project To-date through December 2013.

Based on requests by EV Project report readers, reporting for the last six quarters included results in
pdf format and the data that populated the pdf results were generated and posted on The EV Project web
pages for downloading. Reports having these data included the Nissan Leaf reports, Chevrolet Volt
reports, and the EV charging infrastructure summary reports.
The parameters reported in each quarterly report are discussed in Sections 9.4.1 through 9.4.4. The
lessons learned reports were unique and are included later in this report.
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The primary infrastructure use reporting method was via the EV charging infrastructure summary
reports, which documented national and regional results for the following types of siting locations:
x

EVSE deployment for the following location categories:

Residential AC Level 2
- Private non-residential AC Level 2, which were installed in limited access locations such as
commercial fleet motor pools
- Publicly accessible AC Level 2
- Publicly accessible DCFC
- Total results for all four categories.
All reports can be found on INL’s web pages for The EV Project at: http://avt.inl.gov/evproject.shtml.
The parameters reported on in the infrastructure reports included the following:
-

x

Number of charging units (connectors)

x

Number of charging events

x

Electricity consumed (AC MWh)

x

Percent of time with a vehicle connected

x

Percent of time with a vehicle drawing power

x

Time of day vehicles are connected and time of day drawing power in 15-minute increments, both for
weekends and weekdays for each 90-day reporting period, graphed by median, maximum, and
minimum results and upper and lower quartiles

x

The fraction of charging events performed by Leafs, Volts, or unknown vehicles

x

The number of charging events performed on weekdays, weekends, and overall.

The data stream from the Blink charging infrastructure was the main source of data that was used to
populate the infrastructure reports.
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The primary Nissan Leaf reporting method was via the Nissan Leaf vehicle summary reports, which
documented national and regional results for the following types of vehicle use characteristics:
x

Number of PEVs being reported on

x

Number of trips

x

Total distance traveled (miles)
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x

Average trip distance (miles)

x

Average distance traveled per day when the vehicle was driven (miles)

x

Average number of trips between charging events

x

Average distance traveled between charging events (miles)

x

Average number of charging events per day when the vehicle was driven

x

Frequency of charging by charging location

x

Number of charging events and the percent of all charging events by the following:
-
-
-

Home charging location
Away-from-home charging locations
Unknown charging locations

x

Battery SOC at the start of charging events

x

Battery SOC at the end of charging events.

The above information was presented based on data from the Leaf data stream (i.e., Nissan/
CarWings). The Leaf was the only EV Project vehicle model capable of being charged at AC Level 1, AC
Level 2, and DCFC. Therefore, it was the only EV Project PEV that used the DCFC infrastructure. AC
Level 1 charge levels were basically charges while connected to a 110-volt National Electrical
Manufacturers Association receptacle and the receptacles were not equipped with a power meter.
However, AC Level 1 charge events and AC Level 2 charge events at EVSE not part of The EV Project
could be derived from the absence of a corresponding EV Project AC Level 2 or DCFC record when the
vehicles SOC increased between key off and key on events.
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The primary Chevrolet Volt reporting method was via the Chevrolet Volt vehicle summary reports,
which documented national and regional results for the following types of vehicle use characteristics. In
addition to each report identifying whether it covered all or specific regions and the number of vehicles
reported on, the design of the Volt’s powertrain required additional reporting categories, which included
the range-extending gasoline ICE.
x

Vehicle usage was reported for each of the following operating modes:
-
-
-

EVM operation
ERM operation
All operation.

The individual parameters presented in each of the three categories were as follows:
1. Vehicle Usage
-
-
-
-
-
-
-
-

Overall gasoline fuel economy (mpg)
Overall electrical energy consumption (AC Wh/mile)
Number of trips
Total distance traveled (miles)
Average trip distance (miles)
Average distance traveled per day when the vehicle was driven (miles)
Average number of trips between charging events
Average distance traveled between charging events (miles)
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-

Average number of charging events per day when the vehicle was driven

2. EVM Operation
-
-
-

AC electrical energy consumption (AC Wh/mile)
Distance traveled (miles)
Percent of total distance traveled

3. ERM Operation
-
-
-

Gasoline fuel economy (mpg)
Distance traveled (miles)
Percent of total distance traveled.

Other parameters reported on in the Volt reports included the following:
x

Number of charging events and the percent of all charging events by
-
-
-

Home charging location
Away-from-home charging location
Unknown charging location

x

Percent distance traveled by operating mode (EVM or ERM)

x

Frequency of charging by charging location and type

x

Battery SOC at the start of charging events

x

Battery SOC at the end of charging events.

The above information was presented based on data from the Volt data stream (i.e., OnStar/GM). The
Volt was capable of being charged at AC Level 1 and AC Level 2. AC Level 1 charge levels were charges
while connected to a 110-volt National Electrical Manufacturers Association receptacle and the
receptacles were not equipped with a power meter. However, AC Level 1 charge events and AC Level 2
charge events at EVSE not part of the EV Project could be derived from the absence of a corresponding
EV Project AC Level 2 when the vehicles SOC increased between key off and key on events.
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A stand-alone report was not produced for the Car2Go Smart Electric Drives (Figure 9-14) due to the
limited data set INL received for these vehicles. Data received were limited to the individual vehicle
miles driven and a unique vehicle identifier. Their access to and use of Blink charging infrastructure was
identified by a single fleet account at Blink, not by individual vehicles. However, this allowed
identification of when Car2Go Smart Electric Drive vehicles charged at private non-residential AC
Level 2 EVSE and publicly accessible AC Level 2 EVSE in Portland and San Diego, which were the only
two areas of The EV Project where the Car2Go data were provided. (See pages 5 and 7 of the October to
December 2013 EV Project Electric Vehicle Charging Infrastructure Summary Report at:
http://avt.inel.gov/pdf/EVProj/EVProjectInfrastructureQ42013.pdf).

 (93URMHFW5HVXOWV
EV Project results are summarized in the following subsections of this report using results from the
quarterly reports. Following the quarterly results sections, infrastructure use for calendar year 2013 is also
described. Because some of The EV Project partners provided additional parameters during the duration
of The EV Project, the reports became more information rich as the project progressed. This change in
parameters did not allow a single final report to be run to the same level of detail as the 2013 report.
However, three final reports for calendar years 2011, 2012, and 2013 were developed and published. The
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additional information generated and reported via the lessons learned white papers are also reported in
Section 11 of this document.

Figure 9-14. Smart Electric Drive Vehicles in the Car2Go fleet parked at an EV Project charging site,
with multiple AC Level 2 EVSE, in San Diego.
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Finding a single parameter to document what constitutes the best location for siting EVSE and DCFC,
or the best EVSE or DCFC power level, or the best type of venue for a charging site is something many
ask when contemplating installing EVSE or DCFC. It is not possible to universally define what
constitutes the “best” location. To the PEV driver who rarely uses public charging infrastructure, the one
time a year he or she needs to charge their PEV in order to make it home, that EVSE or DCFC they find is
the “best” one. Conversely, some PEV drivers use both residential and public charging infrastructure to
extend the number of electric miles they can drive every day, which may suggest the charging
infrastructure near their place of employment or entertainment is “best.”
Figure 9-15 documents that the most frequently used charging infrastructure, as measured by the
number of units reporting data by reporting quarter, are located at residences. Based on the EVSE that
reported use each quarter from the April through June 2012 quarter to the end of The EV Project, it can be
stated that residential EVSE were used about 2.3 times more often than public AC Level 2 EVSE, which
was the second most frequently used EVSE. However, it must be noted that non-EV Project PEVs also
used public EVSE; therefore, EV Project preferences for home charging would, at times, be significantly
greater than 2.3 times. The April through June 2012 quarter through the end of The EV Project was used
because the April to June 2012 quarter was the first reporting quarter with more than 1,000 public EVSE
deployed.
If the average number of individual charge events per reporting quarter for the April through June
2012 quarter to the end of the project was used to determine the best sites for EVSE, residential EVSE
were used 8.0 times more frequently (Figure 9-16) than public AC Level 2 EVSE. Comparing residential
9-14

EVSE use rates to all other types of charging infrastructure, the residential units are used 7.9 times more
often (Figure 9-17). It should be noted that the averages are not weighted averages.

Figure 9-15. Overall number of EVSE and DCFC reporting use data by EV Project reporting quarter. Pri
NonRes L2 = private access non-residential AC Level 2 EVSE.

Figure 9-16. Overall number of EVSE and DCFC charge events by EV Project reporting quarter. Res L2
= residential AC Level 2 EVSE, Pub L2 = public access AC Level 2.
For the second quarter 2012 through the end of the project, if the average total energy transferred
each reporting period is used to measure the most frequently preferred site for recharging PEVs,
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residential EVSE transferred 85% of all the energy compared to the other EVSE and DCFC options
(Figure 9-18).
While not necessarily a measure of a driver’s preference for where they prefer to recharge their PEVs,
charging duration can be seen in Figure 9-19. Drivers clearly leave their vehicles “plugged in” most often
at residential locations. This is at least partically a function of overnight charging when the drivers are
sleeping.
Figure 9-20 highlights the percentage of time a vehicle is drawing power, or actually recharging, at
the various types of charging locations. During 2013, 8.3% of the time, the EVSE at private
non-residential sites were providing power to vehicles, while the percentage at residences was 8% of the
time. Public AC Level 2 EVSE were used to transfer energy to PEVs 2.3% of the time and DCFC
transferred energy 3.3% of the time.
As can be seen in Figure 9-21, the actual hours per day that a vehicle was connected to charging
infrastructure varied significantly by EVSE type. The residential AC Level 2 EVSE had a vehicle
connected to them an average of 11.3 hours per day; the private non-residential AC Level 2 EVSE
averaged 8.4 hours per day; the public AC Level 2 EVSE averaged 5.5 hours per day; and the DCFC
averaged 0.35 hours per day.
The bulk of the hours a PEV was connected to a residential EVSE was during the evening and
overnight hours. The private non-residential EVSE were connected to a vehicle about the length of a
typical workday (i.e., about 8 hours per day). However, these connection times may have included
multiple vehicles per day. The 5.5 hours per day that public EVSE had vehicles connected mostly
occurred during the workday, predominately on weekdays. This may be tied to a combination of parking
for shorter shopping trips and workers using public parking to charge their vehicles during the workday.
Some EVSE installed at workplaces were available for use the by the general public; therefore, they
were classified as public EVSE. Finally, the brief 20.9 minutes a day DCFC had vehicles connected and
the even slightly shorter period of time the DCFC provided power to a vehicle would strongly support the
theory that drivers arrived at DCFC, charged their PEV, and then immediately departed. It should be
noted that the averages described here are not weighted averages.

Figure 9-17. Overall percentage of all EVSE and DCFC charge events by EV Project reporting quarter.
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Figure 9-18. Percentage of energy transferred to vehicles reported per period for each EVSE during each
EV Project reporting quarter.

Figure 9-19. Percentage of energy transferred to vehicles reported per period for each EVSE during each
EV Project reporting quarter.
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Figure 9-20. Percentage of time for individual charging units with a vehicle drawing power from an
EVSE during each EV Project reporting quarter.

Figure 9-21. The length of time in hours per EVSE with a vehicle connected to an EVSE or DCFC during
each EV Project reporting quarter.
Figure 9-22 documents the average time an EVSE and DCFC provided power to a PEV. While the
scale used may imply some large differences, the actual average time drawing power was not that large
for the AC Level 2 EVSE units. The private non-residential EVSE had a power draw for an average of
3.55 hours, 2.22 hours for a residential EVSE, and 2.18 hours for public EVSE. DCFC had a power draw
for charging of 0.35 hours (20.8 minutes). It should be noted that these averages are not weighted
averages.
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Figure 9-22. The length of time per EVSE, in hours, with a vehicle pulling power from an EVSE or
DCFC unit during each EV Project reporting quarter.
Figure 9-23 shows a tighter spread in the amount of AC kWh energy transferred by the charging
infrastructure during each charge event. The private non-residential EVSE averaged 11.6 AC kWh of
energy per charge event; this was the highest average. A very high percentage of unidentified vehicles
used the EVSE infrastructure at the private non-residential sites; there may have been larger non-project
vehicles such as Smith Electric or some other brand of electric trucks with much larger battery packs
using the infrastructure. The residential EVSE averaged 7.77 AC kWh per charge event, while the public
EVSE averaged 7.73 AC kWh per charge event. It is unknown if this closeness was due to drivers driving
round trips to and from work and charging at public EVSE while working, with the return drive home
likely being the same distance that was followed by charging at the residences when arriving home. Or
drivers may simply have become accustomed to recharging their PEVs at the same level SOC regardless
of where they charged. It should be noted that the residential EVSE, public EVSE, and DCFC all had
noticeable upward slopes in the average amount of energy transferred per charge event during the
duration of The EV Project. It should be noted that these averages are not weighted averages.
The AC Level 2 EVSE all experienced fairly constant rates of charge events per day per EVSE
(Figure 9-24). Residential EVSE had the highest daily use of AC Level 2 EVSE, averaging about
0.80 charge events per day. The private non-residential AC Level 2 EVSE had the second highest use of
AC Level 2 EVSE at 0.55 charge events per day per unit. The public EVSE had the fewest at 0.25 charge
events per day per unit. It should be emphasized that these results are on a per individual EVSE basis, not
on a site basis. The importance here is that a residential location would only have one EVSE per PEV in
The EV Project. However, a public site often had numerous AC Level 2 EVSE at each site (Figures 9-25
through 9-27) and the total group of EVSE at a site may be used frequently; however, some individual
EVSE at a public site may have had very low usage rates. DCFC were considerably more popular than
AC Level 2 public EVSE on a per-unit basis. The sharp decline in DCFC use during the second reporting
quarter of 2013 coincided with the introduction of Blink Network DCFC usage fees.
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Figure 9-23. The average energy transferred per charge event in AC kWh during each EV Project
reporting quarter.

Figure 9-24. The length of time, in hours, with a vehicle connected to an EVSE or DCFC during each EV
Project reporting quarter.
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Figure 9-25. Multiple EV Project AC Level 2 EVSE installed at a department store parking lot.

Figure 9-26. Multiple EV Project AC Level 2 EVSE installed at an office building parking lot.

Figure 9-27. Multiple EV Project AC Level 2 EVSE installed at an office building parking lot.
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A total of 5,789 unique Nissan Leafs provided operational data to INL during the duration of The EV
Project. However, based on results for the quarterly reports, at no time during the project duration were all
5,789 Leafs providing data at the same time. The peak reporting quarter for the Leafs was during the
second quarter of 2013, when data were received for 4,261 Leafs (Figure 9-28). The number of Leafs
reporting data during any one quarter was given by several factors, including the following (which was
discussed earlier):
x

Vehicles were damaged in accidents

x

Owners moved outside The EV Project areas

x

Owners sold their Leafs to new owners outside The EV Project areas

x

Owners did not agree to continue providing data beyond the original 2-year period

x

New Leafs were purchased and added to the project throughout the duration of The EV Project.

Figure 9-28. Number of Nissan Leafs providing data to INL during The EV Project, by reporting quarter.
Of all regions where the Leafs were participants for The EV Project, the San Francisco area clearly
represented the highest number of Leafs providing data for every reporting quarter (Figure 9-29). During
the second quarter of 2013, a total of 1,311 Leafs in San Francisco reported data. This was almost twice
as many as the next highest provider of Leaf data, which was Washington State’s total of 658 Leafs
during the same reporting quarter. Throughout the project, San Francisco’s contribution to reporting Leaf
driver behaviors averaged about 30% (Figure 9-30).
As would be expected, the number of trips reported by Nissan Leafs during each reporting quarter and
the number of total trips taken (Figure 9-31) mirrors the number of Leafs (Figure 9-29) in each region in
The EV Project. Similarly, the number of total miles driven per reporting quarter (Figure 9-32) also has
similar curves to the number of Leafs and total trips taken.
Note that for Figures 9-29 through 9-39, quarterly results are only discussed for the fourth quarter of
2011 through the fourth quarter of 2013 reports, when the number of Leafs reporting data was highest.
The average trip distance over the duration of The EV Project hovered above and below 7 miles
(Figure 9-33). Because of the scale of the graph, the regional variations look significant, but the variations
by region were mostly plus or minus 1 mile per trip. What drove the variations of average trip distances
9-22

could be a function of many things, including population densities, drivers in different regions choosing
to live and work in different types of areas (suburbia versus inner city), the densities of shopping
locations, and likely the availability of affordable housing.

Figure 9-29. Number of Leafs reporting operational data during each reporting quarter throughout The
EV Project.

Figure 9-30. The percentage of Leafs reporting data by each reporting period compared to the total
number of Leafs reporting data each reporting period during The EV Project.
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Figure 9-31. Number of Nissan Leaf trips by reporting quarter for The EV Project.

Figure 9-32. Number of miles reported as being driven by the Nissan Leafs per each EV Project reporting
quarter.
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Figure 9-33. Nissan Leaf drivers’ trip distance profiles by each region for all of The EV Project reporting
quarters.
The miles driven per day, on days the Leafs were driven, averaged on a non-weighted basis about
29 miles per day. Looking at the “All” data in Figure 9-34, the earliest quarterly reports showed an
average daily distance of slightly more than 30 miles per day and the last few report quarters had average
distances of 29 miles or less per day driven. While 1 mile per day is not a large variation, the overall
downward slope of the curves is apparent in all of the regions. Some might argue that the earliest Leaf
drivers were early adopters who tended to be “hyper-milers,” while the more “mainstream” drivers tended
to enter the program later in the duration of the project. This argument will be left to the reader to resolve,
because INL does not have the data needed to definitively answer this question. As discussed before, the
variables that influenced regional average distances per trip likely also influenced the average miles
driven per day. Average miles driven per day do not include the days when the vehicles were not driven at
all.
As seen in Figure 9-35, the non-weighted average number of trips between driving events was 3.8 for
the life of The EV Project. Tucson and Memphis had the most trips between charging events.
The amount of charging infrastructure installed and reporting use data (Figure 9-36) did not appear to
influence the number of trips between charging events. This would suggest that the richness of charging
infrastructure may not play as large a role in PEV use as would be assumed. Going back to Figure 9-33,
Tucson and Memphis had some of the lowest miles driven per day, while Knoxville and Washington D.C.
had some of the highest miles driven per day, yet Knoxville had the most EVSE installed and Washington
D.C. about the least. Likely, the demographics of home versus work locations and the distances from
schools, shopping, and errand locations from home and work locations had large influences on how Leafs
were used and how many miles were driven and trips were taken per charge event.
As seen in Figure 9-37, there was an overall decrease in the distance traveled per charge event for the
Nissan Leafs reporting data both nationally and in most of the regions during the nine reporting quarters.
This is likely due to the decrease in miles driven per reporting quarter and increasing deployment of
public EVSE, which translated to more charging opportunities.
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Figure 9-34. Average distances (miles) the Nissan Leafs were driven each day that they were driven by
reporting period.

Figure 9-35. Average number of trips between charge events that were driven by Nissan Leaf owners in
The EV Project, by reporting period and region.
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Figure 9-36. Number of EV Project installed EVSE and DCFC reporting data throughout the duration of
the project per PEV (includes Nissan Leafs, Chevrolet Volts, and Car2Go EVs) reporting data throughout
the duration of the project.

Figure 9-37. Average regional distance, in miles, EV Project Nissan Leafs were driven between charging
events.
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A total of 2,023 Chevrolet Volts provided operational data to INL during the The EV Project.
However, based on the results for the quarterly reports, at no time during the project duration were all
2,023 Volts providing data simutaneously. The peak reporting quarter for the Volts was during the second
quarter of 2013, when data were received for 1,895 Volts (Figure 9-38). The number of Volts reporting
data during any one quarter was driven by several factors, including the following:
x

Vehicles that were damaged in accidents

x

Owners moved outside EV Project areas

x

Owners sold their Volts to new owners outside The EV Project areas

x

Owners did not agree to continue providing data beyound the original 2-year period

x

New Volts were purchased and added to the project at different times.

Figure 9-38. Number of Chevrolet Volts providing data to INL during The EV Project by reporting
quarter.
Of all regions in The EV Project where Volts were participants, the Los Angeles area represented the
highest number of Volts providing data toward the end of The EV Project (Figure 9-39). During the
second quarter of 2013, a total of 320 Volts in Los Angeles reported data. This was 20% higher than the
next highest provider of Volt data, which was the Washington D.C. area’s total of 266 Volts during the
same reporting quarter. During the second quarter of 2013, all reporting regions had their maximum
number of Volts reporting data to INL via OnStar. Los Angeles, Washington D.C., and San Diego had the
most Volts providing data (Figure 9-40).
As would be expected, the number of trips reported for the Volts during each reporting quarter
(Figure 9-41) and the number of total miles driven per reporting quarter (Figure 9-42) have similar curves
to the number of Volts reporting data.
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Figure 9-39. Number of Volts reporting operational data during each reporting quarter throughout The EV
Project.

Figure 9-40. Number of Chevrolet Volts reporting data for all EV Project regions during the second
reporting quarter of 2013, which was the quarter with the maximum number of Volts reporting data.
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Figure 9-41. Number of Chevrolet Volts trips by reporting quarter for The EV Project.

Figure 9-42. Number of miles reported as being driven by Chevrolet Volts per each EV Project reporting
quarter.
The average Volt trip distance over the duration of The EV Project was generally slightly above 8
miles (Figure 9-43). Because of the scale of the graph, the regional variations look significant; however,
variations by region were mostly plus or minus approximately 1 mile per trip. The exception to this is
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Chattanooga, which averaged slightly over 11 miles driven per trip. It should be noted that the
Chattanooga sample of Volts during The EV Project was never greater than 13 per reporting period. What
drove variations in average trip distances could be a function of many things, including population
densities, the different choices of drivers in different regions about where to live and work (suburbia
versus inner city), the densities of shopping locations, and availability of affordable housing.

Figure 9-43. Average trip distance profiles for Chevrolet Volt drivers by each region for all EV Project
reporting quarters.
The Volt miles driven per day, just for days the Volts were driven, averaged on a non-weighted basis
about 40 miles per day. The outlier again appears to be Chattanooga, with its very small sample of
vehicles, where Volts drivers averaged slightly more than 50 miles per day. Looking at the “All” data in
Figure 9-44, the earliest quarterly reports showed an average daily distance of slightly less than 40 miles
per day and the last few quarters had average distances of slightly more than 40 miles per day. This might
suggest that the earliest Volt drivers in The EV Project were not early-adopters who tended to be
“hyper-milers.” The variables that influenced regional average distances per trip likely also influenced the
average miles driven per day. Average miles driven per day do not include the days when the vehicles
were not driven at all. As seen in Figure 9-45, the non-weighted average number of Volt trips between
driving events was 3.3 for the life of The EV Project. Los Angeles had the most trips between charging
events.
On an unweighted basis, The EV Project Volts were driven, on average, slightly more than 27 miles
per charge event (Figure 9-46). Chattanooga had the highest average miles per charging event at 40 miles
per charge. The States of Oregon and Washington had the least miles driven per charge event, both at
slightly more than 24 miles. These distances can be the result of several influences, including how much
charging infrastructure exists, normal driving distances, and how near to work and shopping locations is
one’s home. Nationally, the Volts in The EV Project were charged 1.46 times per day on the days they
were driven. The States of Oregon and Washington had charge rates on the days they were driven of
1.54 and 1.6, respectfully. Chattanooga and Los Angeles both averaged 1.3 charge events per day on days
driven. It should be noted again that the sample size of EV Project Volts reporting data in Chattanooga
was very small.
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Figure 9-44. Average distances (miles) the Volts were driven each day that they were driven by reporting
period.

Figure 9-45. Average number of trips between charge events by Volt owners in The EV Project by
reporting period and region.
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Figure 9-46. Distance, in miles, The EV Project Volts traveled between charge events.
It should be noted that about 11% of all EV Project Volt charge events were at unknown locations.
These events included a change in the Volts SOC between key off and key on events, but there was no
known EV Project EVSE nearby. Examples have also included charging a Volt at a known residence
during the week, but the vehicle is charged via 110-V at a weekend cabin with no EVSE. Also, charging
in the bowels of a parking garage would result in no cellular signal during the charge event; therefore, the
charge location was unknown.
Nationally, 73% of all miles driven by EV Project Volt drivers were in electric mode (Figure 9-47).
The small number of Volts in Chattanooga had the lowest percentage of all electric miles at 56%. When
not driving in electric mode, the Volt operates in ERM, meaning it operates as a regular hybrid electric
vehicle.



-DQXDU\WKURXJK'HFHPEHU(93URMHFW5HVXOWV

Charging infrastructure use within The EV Project was reported via the quarterly reports published
from January 2011 through December 2013. Individual reports can be found on the quarterly and annual
reports website (http://avt.inel.gov/evproject.shtml#ReportsAndMaps). Three annual reports can also be
found on the same site for 2011, 2012 and 2013. Ideally, a single final report would have been run;
however, as The EV Project progressed, some of the data fidelity improved and some venue definitions
changed. A decision was made to generate three separate annual reports instead of “dumbing down” the
2013 final report. In order to discuss a year’s worth of EV Project infrastructure use, the results for 2013
are shown in the following pages. When looking at Figure 9-48, it is clear that the highest number of
infrastructure reporting data, the highest number of charge events, and the most energy was transferred
from the grid to the vehicles during the 2013 reporting period. This suggests that the 2013 report is the
richest set of results to discuss in order to highlight infrastructure utilization.
As previously mentioned, two types of charging infrastructure were deployed: AC Level 2 EVSE and
DCFC. However, charging infrastructure use is reported in the following four categories:
x

Residential AC Level 2 EVSE
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x

Private non-residential AC Level 2 EVSE (i.e., commercial fleets)

x

Publicly accessible AC Level 2 EVSE

x

Publicly accessible DCFC.

Figure 9-47. Percentage of EV Project Volts driven in all electric mode.

Figure 9-48. EV Project charging infrastructure reporting, energy used, and charge events annually by
calendar year.

(QWLUH(93URMHFW&KDUJH,QIUDVWUXFWXUH8VHAs can be seen in Figure 9-49,
residential EVSE represented the largest reporting venue at 64%. Residential EVSE were used a
significant number of times to charge PEVs, with 1.86 million charge events out of the total 2.19 million
charge events during 2013 (Figure 9-50). Figure 9-51 documents that residential EVSE also delivered the
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most energy to PEVs, with 83% of all energy being used. DCFCs had PEVs connected for only a short
percentage of the time (Figure 9-52), but transferred energy to PEVs nearly the entire time connected.
Residential EVSE had a PEV connected 41% of the time, but it was transferring energy only 8% of the
time. Public EVSE had a PEV connected 4% of the time and they were transferring energy 2% of the
time. It can be assumed that public charging occurred when power was needed for charging PEVs when
fees for public charging were in place and drivers left their vehicle connected at residences regardless of
SOC level. Of course, given that residences are where people park their PEVs overnight while sleeping,
long residential connection times are expected.

Figure 9-49. Percentage of EV Project EVSE and DCFCs reporting data during 2013.

Figure 9-50. Percentage of EV Project charging events reported during 2013.
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Figure 9-51. Percentage of EV Project electricity consumed during 2013.

Figure 9-52. Percentage of time EV Project EVSE had a vehicle connected and drawing power during
2013.
Figure 9-53 documents the percentage of EVSE and DCFC with a vehicle connected and Figure 9-54
is the EVSE electricity demand for all EVSE and DCFC in the project during the reporting period.
However, the more important curves, which better indicate how drivers use EVSE, can be found when
looking at the individual EVSE type categories. For instance, Figures 9-55 and 9-56 show the connection
times and demand curve at residential EVSE, which vary significantly from other venues.
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Figure 9-53. The two graphs show, by time of day, the percent of all EV Project EVSE and DCFC with a
vehicle connected to it during 2013. The median percentage is the black line. Note that one is for
weekdays and the other is weekends.

Figure 9-54. The two graphs show, by time of day, The EV Project electricity demand in AC MWh at all
of the EVSE and DCFC during 2013. The median percentage is the black line. Note that one is for
weekdays and the other is weekends.

5HVLGHQWLDO$OWHUQDWLQJ&XUUHQW/HYHO(OHFWULF9HKLFOH6XSSO\(TXLSPHQW
EVSE sited at residential sites clearly had signicantly different connect and demand curves compared to
private commercial and public EVSE and DCFC. The weekday EVSE in Figure 9-55, with a vehicle
connected, as represented by the median line, show how vehicles were starting to be disconned at 6 a.m.
as drivers head to work, school, and other responsibilities, with the lowest percentage connected during
the early afternoon hours. As drivers return to their residences, starting about 4 p.m., more and more
drivers were connected. From about 6 p.m to 10 or 11 p.m., the slope of the vehicles being connected was
steepest, with the highest number of PEVs connected after midnight.
Looking at the residential median demand curve for weekdays (Figure 9-56), it was as expected given
the residential connected weekday curve, with demand increasing significantly from about 4 p.m. on. The
first peak occurs about 9 p.m., after which demand falls until midnight. At midnight, it dramatically
peaked again, demonstrating that at least some of the EVSE were sited in electric utility territories that
offer TOU rates that started at midnight. Demand was increasing significantly during evening hours when
many utilities experience peak demand. However, given the high connectivity post-midnight, there were
opportunities to shift demand later in the evening, as we were seeing with the TOU electricity price
ranges.
The positive impact that TOU rates can have on peak demand is discussed in detail in Section 11 in a
lessons learned white paper, but a brief discussion is warranted here. Although the percentage of vehicles
connected is higher, the connection time curve in the San Diego area (Figure 9-57) is similar to the
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connection curve nationally for residential EVSE (Figure 9-56). Figure 9-58 shows the similar
disconnecting starting about 6 a.m., similar early afternoon low percentage of PEVs connected, the steep
slope of PEVs being reconnected starting about 5 p.m. What makes San Diego worth discussing is the
demand profile seen in Figure 9-58.

Figure 9-55. The two graphs show, by time of day, the percent of all residential EV Project EVSE with a
vehicle connected to it during 2013. The median percentage is the black line. Note that one is for
weekdays and the other is weekends.

Figure 9-56. The two graphs show, by time of day, the electricity demand in AC MWh at all residential
EV Project EVSE during 2013. The median percentage is the black line. Note that one is for weekdays
and the other is weekends.
SDG&E is solely responsible for providing electricity for all customers within the San Diego region
of The EV Project. SDG&E offered its customers an experimental TOU rate from charging PEVs. The
electricity rates in kWh and rate periods are as follows:
x

5 a.m. to noon $0.22

x

Noon to 6 p.m. $0.49

x

6 p.m. to midnight $0.22

x

Midnight to 5 a.m. $0.16.

From Figure 58, it was obvious that the TOU rates successfully encourage PEV drivers to start
charging at midnight.
Residential EVSE on weekdays had a PEV connected 39% of the time, provided power 8% of the
time, and had 0.85 charge events per day. On weekdays, the connection time was 11.9 hours and energy
transfer time was 2.4 hours, which resulted in 8.2 kW transferred. The shorter energy transfer times
compared to the longer connect times suggest there was much opportunity for shifting energy transfer
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times to avoid peak demand times when the grid was stressed, which was essentially what occurred in San
Diego.

Figure 9-57. The weekday time-connected curve for residential EV Project EVSE in the San Diego area
during 2013. The median percentage is the black line.

Figure 9-58. The weekday electricity demand in AC MWh at residential EV Project EVSE in the San
Diego area by time of day during 2013. The median percentage is the black line.
Figures 9-59 and 9-60 document the lengths of time vehicles were connected to and drawing power
from residential EVSE. Residential EVSE included a significant amount of time with vehicles connected
for long periods of time (i.e., greater than 10 hours). The distribution of the length of time a vehicle was
drawing power was significantly shorter, with almost all charging events being less than 6 hours. Given
that most PEVs charge at 3.3 or 6.6-kW rates, one would assume that the battery packs would be
completely charged within this period of time. However, it is possible that PEVs being charged may have
included Tesla BEVs, which have a large battery pack. Tesla vehicles were not part of The EV Project.
However, it was known that non-EV Project vehicles sometimes utilized The EV Project charging
infrastructure. The amounts of energy transferred per charge event (Figure 9-61) suggests that either Leaf
drivers drove their vehicles to very low SOCs or some of the vehicles using The EV Project network of
EVSE were likely Tesla BEVs.
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Figure 9-59. The length of time a PEV was connected when using EV Project residential EVSE.

Figure 9-60. The length of time a PEV was drawing power when using EV Project residential EVSE.

Figure 9-61. The energy consumed per charging event when using EV Project residential EVSE.

3ULYDWH1RQ5HVLGHQWLDO$OWHUQDWLQJ&XUUHQW/HYHO(OHFWULF9HKLFOH6XSSO\
(TXLSPHQWThe private non-residential EVSE connection times were fairly flat (median black line) on
weekends (Figure 9-62), suggesting fleet vehicles were connected to about 11% of the EVSE. During the
weekday, a similar 11% rate from 10 p.m. to 6 a.m. was observed. During the weekdays (Figure 9-62), it
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appears either customers or employees were using the EVSE as PEVs that were driven to work and
charged there.

Figure 9-62. The two graphs show, by time of day, the percentage of private non-residential EV Project
EVSE with a vehicle connected to it during 2013. The median percentage is the black line. Note that one
is for weekdays and the other is weekends.
While the significant rise in demand on weekdays (Figure 9-63) at the private non-residential EV
Project EVSE appears dramatic, and it is considering how much it rises from about 25 kW at 6 a.m. to
about 130 kW about 9 a.m., it should be viewed in the context of the graph scale. The peak demand on
any one day (blue line) appears to max out at about 240 kW, which is still fairly low for the 415 private
non-residential EVSE providing data. There is also a rise during the weekends (Figure 9-63), but again,
consider the scale.

Figure 9-63. The two graphs show, by time of day, the electricity demand at private non-residential EV
Project EVSE during 2013. The median percentage is the black line. Note that one is for weekdays and
the other is weekends; the scale is AC MWh.
Private non-residential EVSE on weekdays had a PEV connected 14% of the time, provided power
6% of the time, and had 0.5 charge events per day. On weekdays, the connection time was 8.0 hours and
energy transfer time was 3.3 hours, which resulted in 11.1 kW transferred. Private non-residential EVSE
on weekends had a PEV connected 11% of the time, provided power 4% of the time, and had 0.24 charge
events per day. On weekends, the connection time was 7.8 hours and energy transfer time was 4.0 hours,
which resulted in 13.6 kW transferred.
Figures 9-64 and 9-65 document the length of time vehicles were connected to and drawing power
from private non-residential EVSE. Private non-residential EVSE included a significant amount of time
with a vehicle connected for long periods of time (i.e., greater than 20 hours), which was likely weekends.
The distribution of the length of time a vehicle was drawing power was significantly shorter, with almost
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all charging events being less than 8 hours. Given that most PEVs charge at 3.3 or 6.6-kW rates, one
would assume that the battery packs would be completely charged within this period of time. However, it
is possible that the PEVs being charged may include Tesla PEVs or electric trucks, both of which have a
large battery pack. Teslas and electric trucks were not part of The EV Project. It was know that non-EV
Project vehicles sometimes utilized The EV Project charging infrastructure. It was known that the Car
sharing fleet (i.e., Car2Go EVs), which were part of The EV Project, were responsible for 45% of the
charge events and 61% of the energy transferred. The amounts of energy transferred per charge event
(Figure 9-66) suggest that either PEV drivers drove their vehicles to very low SOCs or some of the
vehicles utilizing The EV Project network of EVSE were likely non-EV Project PEVs with large
batteries.

Figure 9-64. The length of time a PEV was connected when using EV Project private non-residential
EVSE.

Figure 9-65. The length of time a PEV was drawing power when using EV Project private non-residential
EVSE.
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Figure 9-66. The energy consumed per charging event when using EV Project private non-residential
EVSE.

3XEOLFO\$FFHVVLEOH$OWHUQDWLQJ&XUUHQW/HYHO(OHFWULF9HKLFOH6XSSO\
(TXLSPHQWThe weekday connect curve (Figure 9-67) for public EVSE suggests that workers may be
using EVSE to support driving their PEVs to work because the curves are so different for weekdays and
weekends, given that weekdays are more traditional work days for the demographics of many PEV
drivers. However, some errand running or shopping may be connected with the daytime rise in weekday
connect times.

Figure 9-67. The two graphs show, by time of day, the percent of public EV Project EVSE with a vehicle
connected to it during 2013. The median percentage is the black line. Note that one is for weekdays and
the other is weekends.
The public EVSE demand curve (Figure 9-68) follows the time-connect curve for public EVSE
(Figure 9-68) as would be expected. Given the demand profile, this suggests peak demand will be around
9 a.m. weekdays, which is a typical time to arrive at work.
During 2013, public EVSE on weekdays have a PEV connected 4% of the time, provide energy 2% of
the time, and have 0.24 charge events per day. On weekdays, the connection time was 4.5 hours and
energy transfer time was 2.3 hours, which resulted in 8.5 kW transferred. Also during 2013, public EVSE
on weekends have a PEV connected 3% of the time, provide power 1% of the time, and have 0.14 charge
events per day. On weekends, the connection time was 3.6 hours and energy transfer time was 2.1 hours,
which resulted in 8.0 kW transferred.
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Figure 9-68. The two graphs show, by time of day, the electricity demand at public EVSE for The EV
Project during 2013. The median percentage is the black line. Note that one is for weekdays and the other
is weekends; the scale is AC MWh.
Figures 9-69 and 9-70 document the length of time vehicles are connected to and drawing power from
the public EVSE. Public EVSE include a much shorter amount of time with a vehicle connected than do
the two other types of AC Level 2 EVSE. The distribution of the length of time a vehicle is drawing
power is significantly shorter, with almost all charging events being less than 6 hours. Given that most
PEVs charge at 3.3 or 6.6-kW rates, one would assume that the battery packs would be completely
charged within this period of time. Given that there were a few long duration charge events, it is possible
that the PEVs being charged may include PEVs with large battery packs that were not part of The EV
Project. It was known that a significant number of non-EV Project PEVs utilized The EV Project charging
infrastructure. It was known that the Car sharing fleet (Car2Go electrice vehicles), Leafs, and Volts were
only reponsible for 24% of public charge events and energy transferred during 2013. This is a reversal
from 2011, when the same EV Project PEVs where responsible for 57% of all public EVSE charge events
and energy transferred. During 2012, the same PEVs represented 64% of charge events and 68% of
energy transferred. The 2013 results were likely driven by the significant increase in number of PEVs
being purchased in the United States, especially in The EV Project areas. Again, observing the amounts of
energy transferred per charge event (Figure 9-71), it can be suggested that either Leaf drivers drove their
vehicles to very low SOCs or some of the vehicles using The EV Project network of EVSE were likely
non-EV Project PEVs with large batteries.

Figure 9-69. Length of time a PEV was connected when using EV Project public EVSE.
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Figure 9-70. Length of time a PEV was drawing power when using EV Project public EVSE.

Figure 9-71. Energy consumed per charging event when using EV Project public EVSE.

3XEOLFO\$FFHVVLEOH'LUHFW&XUUHQW)DVW&KDUJHUVThe weekday time-connected
curves (Figure 9-72) for DCFCs for The EV Project are very similar, with peak use about even on
weekdays and weekends. Opposite the high daytime relative connection times for AC Level 2 EVSE,
DCFC have a very low percentage of PEVs connected at night.

Figures 9-72. The two graphs show, by time of day, the percent of DCFC for The EV Project with a
vehicle connected to it during 2013. The median percentage is the black line. Note that one is for
weekdays and the other is weekends.
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The DCFC energy transfer demand curves (Figure 9-73) follow the time-connect curve closely for
DCFC, as would be expected given that the connection and energy transfer duration times are identical.
On weekdays, the connection and energy transfers both were 20.8 minutes during which 8.4 kWh was
transferred on average. On weekends, the connection and energy transfer times were slightly shorter, both
at 20.4 minutes, which resulted in a slightly higher 8.6 kWh transferred. Intuitively, during a slightly
shorter period of time, one would anticipate less energy being transferred. One explanation may be the
battery’s SOC. The lower the SOC at the start of a charge event, the more power that can be accepted by
the pack in a short period of time, which translates into more energy transferred.

Figures 9-73. The two graphs show, by time of day, electricity demand at DCFC for The EV Project
during 2013. The median percentage is the black line. Note that one is for weekdays and the other is
weekends; the scale is AC MWh.
During 2013, DCFC on weekdays have a PEV connected 3% of the time, provide power 3% of the
time, and have 2.4 charge events per day. Also during 2013, DCFC on weekends have a PEV connected
3% of the time, provide power 3% of the time, and have 2.13 charge events per day. Figures 9-74 and
9-75 document the length of time vehicles are connected to and drawing power (Figure 9-76) from
DCFC. DCFC include a much shorter amount of time with a vehicle connected than do AC Level 2
EVSE. The distribution of the length of time a vehicle is drawing power is also significantly shorter, with
almost all charging events being less than 45 minutes. The Nissan Leafs are the only EV Project PEV
model that can use DCFC. The profiles for time connected and drawing power are identical. It is known
that a significant number of non-EV Project PEVs utilized The EV Project DCFC, because Leafs only
constituted 25% of the charge events and 24% of the energy transferred.

Figure 9-74. Length of time a PEV was connected when using EV Project public DCFC. Note that the
scale used for time is in minutes, compared to hours used in similar figures describing AC Level 2 EVSE
use.
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Figure 9-75. Length of time a PEV was drawing power when using EV Project public DCFC. Note that
the scale used for time is in minutes.

Figure 9-76. Energy consumed per charging event when using EV Project DCFC.
During 2012, the Leafs were responsible for 46% of the charge events and 49% of energy transferred
at DCFC. The average amount of energy transferred, 8.5 kWh, suggests that the DCFC where often used
to extend trip distances rather than fully recharging the PEVs from a very low SOC. Depending on
conditions, the 8.5 kWh would likely extend the range about 25 to 30 miles for a Leaf.

 (93URMHFW6XPPDU\
INL’s reporting of results for EV Project PEVs and EVSE ranged from January 1, 2011, to the end of
December 31, 2013. Quarterly reports were produced for each quarter, starting with the January to March
2011 quarter.
During the 3 years of data collection, the 12,356 EVSE were used for 4,173,933 charge events or
about 338 charge events per EVSE. The EV Project EVSE data were sometimes combined with Blink and
AeroVironment EVSE data to enable more valuable analysis about the best sites for siting public EVSE
in order to maximize utilization of EVSE. This required a significant effort to characterize, to a single set
of definitions, the venues for more than 7,000 public AC Level 2 EVSE. For examples of EV Project
reports generated, see the following links:
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x

EV Project Overview Report (January 2011 to December 2013, 1 page)
http://avt.inel.gov/pdf/EVProj/EVProjectOverviewQ42013.pdf.

x

Observations from The EV Project in the Fourth Quarter of 2013 (5 pages)
http://avt.inel.gov/pdf/EVProj/EVProjectSummaryReportQ42013FINAL.pdf.

x

EV Project EV Charging Infrastructure Summary Report (January through December 2013, 124
pages) http://avt.inel.gov/pdf/EVProj/EVProject%20Infrastructure%20ReportJan13Dec13.pdf.

x

EV Project Nissan Leaf Vehicle Summary Report (October to December 2013, 17 pages)
http://avt.inel.gov/pdf/EVProj/EVProjectNissanLeafQ42013.pdf.

x

EV Project Chevrolet Volt Vehicle Summary Report (October to December 2013, 16 pages)
http://avt.inel.gov/pdf/EVProj/EVProjectChevroletVoltQ42013.pdf.

Many lessons learned white papers, maps, presentations, reports, and planning documents are
available for viewing and can be found on The EV Project’s overall website:
http://avt.inel.gov/evproject.shtml#ReportsAndMaps.
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 6&$40'(35,9,$027256'(021675$7,21
 6&$40'(35,9,$0RWRUV'HPRQVWUDWLRQ6FRSHDQG2EMHFWLYHV
The SCAQMD (South Coast Air Quality Management District)/EPRI/VIA Motors Demonstration
Project was an ARRA project during which VIA deployed a total of 145 VTRUX eREV pickup trucks
and vans (Figure 10-1) to government and utility fleets throughout the United States. EPRI was
responsible for instrumentation of data acquisition equipment, data collection, and transmission of data to
INL for analysis and reporting.
The primary objective of the SCAQMD/EPRI/VIA demonstration was to gather data and produce
reports on the performance of the eREV pickup trucks and vans in commercial fleet applications and the
related petroleum reduction capabilities.

Figure 10-1. VIA Motors eREV VTRUX Van.

 6&$40'(35,9,$0RWRUV'HPRQVWUDWLRQ(OHFWULF9HKLFOH
6XSSO\(TXLSPHQW7\SHV
This project did not have an EVSE deployment or data collection activity. However, data were
collected by the vehicles during charging events. The VIA Motors vehicles can be charged using standard
SAE J1772 AC Level 2 (208 to 240 V) EVSE or AC Level 1 (110 to 120 V) EVSE (i.e., commercial
receptacles or standard household).

 6&$40'(35,9,$0RWRUV'HPRQVWUDWLRQ)HDWXUHV
The VIA Motors vans and pickups are eREV conversions of production Chevrolet Express vans and
Silverado pickup trucks. Both models share the same eREV architecture and almost identical components.
Traction power comes from a 23-kWh lithium-ion battery and is delivered to the wheels by a 190-kW
electric motor. To extend the range of the battery, a gas-fueled ICE is used to drive an electric generator
to provide electric energy to the onboard battery. The pickup trucks use a 4.3L V6 Generation V
Chevrolet engine, which drives a 115-kW electric generator. The vans use a 4.8L V8 Generation IV
Chevrolet engine to drive a 100-kW generator.
VIA Motors eREVs operate as PEVs while in CD mode. This mode of operation is referred to as
EVM. When the battery is fully depleted, the ICE starts and drives the onboard generator to provide
electric energy to the batteries, which extends the range of the vehicle. Operation in this mode is referred
to as ERM operation. During ERM operations, the SOC of the batteries does not change beyond the
increase and decrease in SOC normally experienced by hybrid electric vehicles, meaning the vehicles
operate similar to a traditional hybrid electric vehicle during ERM operations. During ERM, no electricity
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from the electric grid is used for traction power and all external energy used to move the vehicle comes
from gasoline. At no time does the gasoline engine directly connect to the wheels.
Driving the vehicle in EVM requires the traction batteries be at least partially charged at the start of
each trip. This is normally accomplished by plugging the vehicle into the electric grid, similar to other
PHEVs or BEVs. The VIA vehicles can also be put into an operating mode, which uses the onboard ICE
engine and generator to charge the traction batteries on the fly. In this mode, the combination of the ICE
engine and generator produce more electric energy than is required to drive the vehicle; the surplus of
electrical energy gets stored in the onboard traction battery pack.
When a VIA vehicle is not being driven, it can be used as a mobile electricity generator, allowing the
use of corded tools and other electric-powered equipment. Users can get power from 120 or 240-V outlets
that are able to provide up to 50 A of current. In this mode, the battery pack supplies power until it is
depleted, at which point the ICE will turn on and generate electricity.

 64$&0'(35,9,$0RWRUV'HPRQVWUDWLRQ'HSOR\PHQW
DQG'DWD&ROOHFWLRQ5DWH
Data collection from the VIA Motors vehicles began in December 2014 and continued through June
2015. During July 2015, INL received data from EPRI for the entire data collection period. During the
first month of data collection, data were collected from 37 VIA Motors vans and during the last month of
data collection, data were received from 119 pickups and vans. VIA made the first pickup deliveries to
fleets during April and the received data reflects this. The number of pickups and vans that provided data
during each month can be seen in Figure 10-2. The total number of distinct vehicles for which data was
received throughout the demonstration was 145, which was made up of 97 pickups and 48 vans. This is
higher than the maximum number in any month because not every vehicle provided data for every month
in the study period.

Figure 10-2. Number of VIA Motors vehicles reporting data to INL during each month.
The accumulation of miles driven by the vehicles in the demonstration can be seen in Figure 10-3.
The total driving distance captured in the available data was approximately 56,000 miles for VIA vans
and 13,000 miles for VIA pickups. For the vans and pickups, driving in EVM made up 20% and 15% of
the total driving distance, respectively.
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Figure 10-3. VIA Motors eREV vans and pickup trucks total miles driven, ERM miles driven, and EV
miles driven by reporting month.
VIA motors data were collected using an EPRI-designed custom data logger and telematics system.
The telematics system in the vehicles transferred data to EPRI servers, where the data were processed and
transferred to INL servers. Another section in this report discusses how this was accomplished for all of
the projects in this report.

 6&$40'(35,9,$0RWRUV'HPRQVWUDWLRQ5HSRUWLQJ
The results of the VIA vehicle demonstration will be reported in fact sheets detailing the performance
of all VIA vans and pickups. One fact sheet will be produced for the vans and one will be produced for
the pickups, each providing results for the entire data collection period. Because of the timing of data
availability and the writing of this report, these fact sheets have not yet been produced. However, the
initial results are included in this report.
Note that the vehicle driving performance is reported in the categories of All Operation, EVM
operation, and ERM operation. The parameters in the three main categories of operations are as follows:
x

All Operation

Overall gasoline fuel economy (mpg)
- Overall DC electrical energy consumption (DC Wh/mi)
- Total distance traveled (miles)
- Average ambient temperature (degrees F)
x EVM Operation
-

DC electrical energy consumption (DC Wh/mi)
- Distance traveled (miles)
- Percent of total distance driven
x ERM Operation
-

-

Gasoline fuel economy (mpg)
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DC electrical energy consumption (DC Wh/mi)
- Distance traveled (miles)
- Percent of total distance driven.
Additional information will be provided to understand differences in operational modes and how the
vehicles are being used by consumers, including vehicle charging behavior and usage of export power.
-

 6&$40'(35,9,$0RWRUV'HPRQVWUDWLRQ5HVXOWV
Throughout the 7-month data collection period, nearly 70,000 miles of driving data were collected for
the VIA Motors pickups and vans. Overall summary metrics for the collected data can be seen in Table
10-1. Over 75% of the logged miles were driven by the vans, which is to be expected because the pickups
entered the project later. Overall, the vans achieved a gasoline fuel economy of 16.5 mpg and used 126
DC Wh/mile of electrical energy, while the pickups were generally more efficient, achieving 18.4 mpg
and using 72 DC Wh/mile of electricity. In EVM operations, the electrical energy consumption of the
vans and pickups was 640 DC Wh/mile and 523 DC Wh/mile, respectively. In ERM operation, the vans
achieved gasoline fuel economy of 13.2 mpg and the pickups 15.6 mpg; both put a very small amount of
energy back into the battery pack.
Table 10-1. Summary of VIA Motors vehicle performance in each driving operation mode.
Operating Mode
Overall Operation
EVM Operation
ERM Operation
Vehicle Type
Vans
Pickups
Vans
Pickups
Vans
Pickups
Total Distance Driven (miles)
54,170
15,579
11,053
2,363
43,117
13,216
Fuel Economy (mpg)
16.5
18.4
—
—
13.2
15.6
Electric Energy Use (DC Wh/mile)
126
72
640
523
-5
-8
To better understand how the vehicles were used, histograms were made to show the total distance
driven for different trip distances and the breakdown between EVM and ERM driving within those trips.
These plots are shown in Figure 10-4 and Figure 10-5. For both pickups and vans, the largest percentage
of miles were driven during trips of less than 10 miles and the majority of EV driving was done on trips
of 40 miles or less.
To determine the effects of ambient temperature on energy use during driving, energy use was split
into bins based on ambient temperature. The average EV energy use and ERM fuel economy was then
calculated for each bin and plotted for vans and pickups in Figures 10-6 and 10-7, respectively. For the
vans, ERM driving is most efficient when the ambient temperature is between 10 and 15°C (50 and 59°F),
and EVM driving is most efficient between 15 and 30°C (59 and 86°F).
For the pickups, EV driving was most efficient between 10 and 15°C, while ERM driving was most
efficient around 25 to 30°C (77 to 86°F). In general, vehicle operations tend to get less efficient at more
extreme temperatures due to the addition of heating and air conditioning loads. These trends are seen for
both the pickups and vans, with the exception of cold weather driving for pickups, because data collection
began after the cold winter months had passed.
Data were also collected during charging and use of the export power function. INL received
charging data from 44 vans and 79 pickup trucks representing approximately 10,350 kWh of DC energy
charged into the vehicles’ traction batteries.
Export power data were received for 52 pickup trucks and 17 vans, during which 62.9 kWh of battery
energy and 1.6 gallons of gasoline were consumed. Not all of the charging and export power usage is
represented in the collected data. For this reason, further analysis must be performed to determine
meaningful, accurate metrics regarding these operating modes. These results will be reported in the
demonstration fact sheets.
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Figure 10-4. Percentage of distance traveled by operating mode for VIA Motors vans.

Figure 10-5. Percentage of distance traveled by operating mode for VIA Motors pickup trucks.
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Figure 10-6. Average EV energy use and ERM fuel economy of VIA vans during driving at different
ambient temperatures. The green EV line scale is the left axis and the blue ERM scale is the right axis.

Figure 10-7. Average EV energy use and ERM fuel economy of VIA pickups during driving at different
ambient temperatures. The green EV line scale is the left axis and the blue ERM scale is the right axis.

 6&$40'(35,9,$0RWRUV'HPRQVWUDWLRQ6XPPDU\
INL analyzed data from 145 VIA Motors vans and pickups that were collected from December 2014
through June 2015 as part of the ARRA-funded SCAQMD/EPRI/VIA Motors Demonstration Project. A
summary report will be published (http://avt.inl.gov/), which will detail the performance and usage of
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vehicles in commercial and government fleets across the United States. Over the data collection period,
the data benchmarks more than 56,000 VIA van miles and over 13,000 VIA pickup miles. Over these
miles, the vans had overall gasoline fuel economy of 16.5 mpg and electrical energy consumption of
126 DC Wh/mile, while the pickups had overall fuel economy of 18.4 mpg and electrical energy
consumption of 72 DC Wh/mile.
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Many lessons learned papers were published based on the large amount of data made available from
both the charging infrastructure and the vehicles in The EV Project. In addition, several lessons learned
papers were published after combining data from The EV Project and other projects, including
non-ARRA projects. These lessons learned papers with combined data are noted and reported separately
from The EV Project’s lessons learned papers.
Many of the lessons learned in this section were written early on during execution of The EV Project.
The assumptions and statements made at the time of creation were accurate at the time. However, some
things (e.g., gasoline prices and electricity prices) have changed, but the methods used to calculate
benefits and develop lessons learned are still valid. The lessons learned have been reviewed and, where
possible, have been updated. The majority of the lessons learned papers reproduced in this document were
developed during 2014 and 2015.
EV Project participants were generally very cooperative and enthusiastic about participation in the
study and very supportive in providing feedback and information. The demographics of these innovators
and early adopters of PEVs were speculated by many; therefore, the lessons learned papers include the
results of a limited number of participant surveys.
Some lessons learned papers cross multiple charging infrastructure technologies and issues and they
are available in the following report subsections.

 (93URMHFW'LUHFW&XUUHQW)DVW&KDUJHUV
 :KDW:HUHWKH&RVW'ULYHUVIRUWKH'LUHFW&XUUHQW)DVW&KDUJLQJ
,QVWDOODWLRQV"

,QWURGXFWLRQTo evaluate the cost drivers for DCFC installations in The EV Project,
some of the features of the installed hardware and site conditions must be understood.
The following four significant characteristics of the Blink dual-port DCFC affected installation costs:
1. Separate GPU and CDU
2. Availability in both 208-volt and 480-volt models
3. Dual port configuration
4. 60-kW power rating.
The EV Project DCFCs were designed with all power electronics in a single industrial-style cabinet
(i.e., GPU) and all user interface equipment in a separate stylized cabinet, including a large video display.
Separating the GPU from the CDU (Figure 11-1) provided two advantages for installation of the Blink
DCFC. One, it enabled production of a common CDU and two different GPUs: one at 208 V (which
could more easily be installed in a commercial facility with more commonly found 208-V service) and the
other at 480 V. Offering two GPUs enabled the most appropriate equipment to be directly installed
without requiring a separate transformer. Two, the separate units also enhanced safety, because the
high-voltage GPU could be installed away from vehicle traffic, with a lesser likelihood of impact damage.
The dual-port configuration of the CDU (Figure 11-2) allows two EVs to be parked at the DCFC and
connected at the same time. The Blink DCFC sequencing technology initiates charging for the first
connected vehicle and automatically shifts charging to the second vehicle upon completion of the first
vehicle’s charge. The dual-port configuration had little significant effect on electrical installation cost,
because no additional field-installed conduit or wire was required to implement this feature.
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Figure 11-1. GPU (left) and CDU (right) for Blink DCFC.

Figure 11-2. Dual-port Blink DCFC (photo courtesy of Plugshare.com).
However, the dual-port arrangement impacted siting because two adjacent parking spaces were
required to provide user access to both charge ports.
Finally, the 60-kW charge power capability of the Blink unit affected installation costs because it
often required a new electrical service to be provided by the local electric utility. The magnitude of this
cost increase depended on existing electrical services (both available power and space for additional
circuit breakers) at the host site and costs from the electric utility to install a new metered electrical
service. It is likely the cost impact of a new service for supporting a 60-kW charger would be the same as
it would be for a 50, 40, or 20-kW unit. However, it is more likely that the host electrical service will
have 20 kW of additional power capability available than it will have 60 kW available.
All other installation cost drivers (e.g., distance from power source and installation site surface
features such as concrete, asphalt, grass, etc.), local labor costs, and cost to add new service to the
charging site were not affected by the hardware design and can be assumed as cost drivers for all DCFC
installations.

'DWD$QDO\]HGThis evaluation reviews not only the costs and site conditions associated
with the 111 DCFC deployed during The EV Project, but also includes estimates obtained for another 50+
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DCFC sites that were planned, but were not installed. These estimates were performed by experienced EV
Project electrical contractors, validated by EV Project field services personnel, and accepted by the
electrical contractor for a fixed cost installation. Therefore, they are assumed to be valid data points to be
included in this assessment of installation cost drivers.
The total cost of installations cited in this report included only the costs paid to the electrical
contractors to install Blink DCFCs. This cost typically would have included permit costs, engineering
drawings (usually required), contractor’s installation and administration labor, subcontracted construction
labor or equipment (e.g., concrete, asphalt, trenching, boring, etc.), and materials other than the DCFC
itself, which was provided by The EV Project. Installation costs did not include the cost of any AC Level
2 EVSE units that may have been simultaneously installed at the same site.

$QDO\VHV3HUIRUPHGThe first analysis performed quantified and characterized the
costs for installation of DCFCs in The EV Project.
Examination of the DCFC installation costs gathered in The EV Project found the following:
x

Average cost $23,662

x

Median cost $22,626

x

Minimum $8,500

x

Maximum $50,820.

Further, statistical analysis of the costs (Figure 11-3) revealed that the average and median costs were
not a good measure of what one could expect for the cost of DCFC installation. The standard deviation
from the mean of $8,965 was nearly 40% of the average installation cost (i.e., $23,662), indicating there
was a wide distribution of installation costs.
Further investigation of installation costs at or near the average finds that nearly 50% of them were
Tennessee installations at Cracker Barrel restaurants. These 12 installations all followed the same pattern
of a new service from a single electrical utility with the GPU installed near a pole-mounted utility
transformer in the parking lot, resulting in costs that varied very little (within $720 [i.e., 3%] of the
mean).
Removing the effect of the Cracker Barrel installations, the distribution of typical costs followed a
pattern similar to that for the Arizona market, which is shown in Figure 11-4.

Figure 11-3. Number of EV Project DCFC sites by installation cost, shown in thousands of dollars.
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Figure 11-4. Number of EV Project DCFC sites by installation cost, shown in thousands of dollars.


'LVFXVVLRQRI5HVXOWV

,PSDFWRI%OLQN'&)&+DUGZDUH)HDWXUHV 'XDO3RUWDQG6HSDUDWH3RZHUDQG'LVSHQVLQJ8QLWV 
RQ,QVWDOODWLRQ&RVWV²There are some unique costs for installing the Blink DCFC unit, with its separate
power and CDUs, dual-port connector design, and include the following:
x

Two parking places dedicated for EV charging

x

Two pads on which units are set

x

Marginal increase in wiring/conduit due to the possibility of two trenches (one for GPU and one for
CDU), but overall length of trenches is the same as a more typical single-unit, single-dispenser DCFC

x

60-kW power required for the DCFC.

Separating the unit into two parts also increased costs associated with two ground surface-mounted
structures. The GPU base measures 3 ft x 4½ ft, while the CDU occupies a 2-ft x 5-ft space. The large
size of the CDU was an intentional design decision because it made the DCFC more prominent for use as
an advertising medium and easier to see; therefore, making it safer and easier to find. Depending on the
installation location, a concrete surface or pre-cast pad was used for mounting the DCFC.
Because the CDU required two parking spaces, restriping of these parking spaces was typically
required, increasing installation costs. Existence of two voltage-rated models provided installation cost
savings because it eliminated the need for a separate transformer for installation.
3ULPDU\,QVWDOODWLRQ&RVW'ULYHUV²The following are the significant DCFC installation cost drivers
observed in The EV Project that are not specific to the Blink dual-port DCFC. Their impact on
installation costs would be applicable for any installation of a DCFC unit rated at 20 kW or more:
1. Materials
2. Administration
3. Ground surface conditions
4. Electrical service upgrade.
0DWHULDOVThe materials used in DCFC installations can be separated into the following three groups:
1. Standard installation materials, which would be in nearly every installation, but whose quantities may
vary. Examples of standard installation materials include conduit, conductors, emergency shut-off
switch, circuit breaker, fasteners, etc.
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2. Installation surface replacement materials, which would depend entirely on where the DCFC was
sited relative to the power source and work needed to restore the surface(s) impacted by installation
of the unit and its associated electrical wiring (e.g. concrete, asphalt, gravel, etc.).
3. New electrical service materials, which include switch gear with meter section, conduit, and wire.
$GPLQLVWUDWLRQAdministrative costs that were specifically associated with total DCFC installation costs
include permit application processing, permit fees, engineering drawings, and, where required by the
permitting authority, load studies. Just as the materials were affected by the specific installation site, so
too were administration costs.
Permit fees varied greatly depending on permitting jurisdiction, extent of construction, whether
installation was stand alone or part of another construction project, and whether it was for a new service
or just an addition to the existing host electrical system.
The costs for preparing engineered drawings were another significant administrative cost. These
varied, but generally represented from $1,000 to $3,000 or 5 to 10% of the total installation cost.
*URXQG6XUIDFH&RQGLWLRQVIt is self-evident that the DCFC site surface impacted by installation of
conduit, concrete mounting pads, parking spaces, striping, etc. would vary depending on the surface the
DCFC was installed on. Installation of underground electrical conduit was done either by trenching or
boring (Figure11- 5). The basis for this decision depended on the site owners’ preference regarding the
appearance of after work restoration. The decision was also impacted by underground (e.g. water, gas, or
electrical services) or aboveground (e.g., planters) features that may have made trenching impractical.

Figure 11-5. Examples of trenching for DCFC electrical conduit and wiring.
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(OHFWULFDO6HUYLFH8SJUDGHVMany of the DCFC installations required new electrical service to be added
to the host’s site. The cost of these installations was significantly higher than those that did not require
new service. The total cost increased due to the fees charged by the local electric utility to extend the
service from the grid to the host site and the additional electrical switch gear and new meter required to
manage this new electrical service.
Costs paid to the electric utility for service extension to the site varied due to circumstances
associated with the surrounding grid and the electric utility’s willingness to absorb some of these costs.
Some of the utilities in The EV Project acted as partners and absorbed some or all of the costs to get the
power to the charging site host’s property.
Electrical service extension costs also varied depending on the electric utility’s policies for
aboveground or underground service. Overhead service is typically less expensive and quicker than
trenching for an underground service extension. Electrical service extension costs for The EV Project’s
DCFCs varied from $3,500 to $9,500.
Addition of this service not only increased installation costs due to electric utility line extension costs
and electrical switch gear needed, but also extended the time required to install the DCFC by many
weeks.
&KDUDFWHULVWLFVRI/HDVW([SHQVLYH,QVWDOODWLRQV²Very simply put, the least expensive installations
had sufficient electrical power at the site to accommodate the Blink dual-port DCFC. The very lowest
cost installations had sufficient power and a simple installation with either short underground conduit
runs (i.e., hand-shoveled) or surface-mounted conduit. Figure 11-6 shows one of three installations that
cost less than $9,000. In addition to sufficient existing power at the site, this installation used
surface-mounted electrical conduit.

Figure 11-6. Example of one of the least expensive installations.
&KDUDFWHULVWLFVRI0RVW([SHQVLYH,QVWDOODWLRQV²As with the least expensive, the primary
characteristic of the more expensive installations can be simply identified as those that had a new service
installed to accommodate the DCFC. In some cases, the increased cost for new service was compounded
by long underground conduits and surface conditions that were expensive to restore (e.g., concrete or
asphalt).
2WKHU&RVWVDQG&RQVLGHUDWLRQV²7LPH Most of the “costs” discussed in this paper are monetary costs.
However, another consideration for the DCFC site hosts is the amount of time this installation process
takes, which can be divided into three installation conditions: (1) contractors installing equipment,
(2) contractors waiting to start, and (3) contractors waiting to finish
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When things went smoothly and construction started and finished on consecutive days (no waiting for
inspections or materials after installation started), the installation took from 30 to 60 days from the
agreement to proceed. However, in many circumstances, there were delays in administration and
materials. When a new service was required, the duration of the installation from start to finish often
exceeded 90 days.
(OHFWULFDO&RQWUDFWRUV: Installation contractors were selected for participation in The EV Project
based on their interest, qualifications, and ability to meet DOE-mandated DBA requirements. When The
EV Project began in late 2009, the economic conditions of the construction trade were significantly
affected by the recession. During this time, contractors were very willing to accept the additional
administrative requirements of working under DBA and other administrative requirements of a federally
funded project. Three years later, when the majority of the DCFC installations were underway, the
economy had improved and the contracting requirements of this federally funded project became an
impediment to securing contractors capable of providing timely installations and competitive estimates.
(OHFWULF8WLOLWLHVDQG0XQLFLSDOLWLHV As previously discussed, the costs associated with permits,
inspections, and new service increased costs, not only in monetary terms, but in time. Both the electric
utility and municipal partners in deployment of EV infrastructure had a significant impact on the time cost
of the installation project. These time costs were often many weeks waiting for permit approval, plan
approval, or service extension work to be scheduled. The EV Project cooperated with local municipalities
and electric utilities by providing these two important partners in the project with advanced notification of
installations in an effort to minimize the impact of time and, in some cases, cost.

&RQFOXVLRQVThe primary cost driver for DCFCs installed or scheduled to be installed in
The EV Project was the requirement for new electric service. This cost had the greatest impact on overall
installation costs.
Other significant cost drivers were as follows:
x

Surface material under which electrical wiring/conduit was installed

x

Distance from the electrical power source to the DCFC GPU

x

Distance from the GPU to the CDU

x

Permit and engineering drawings.

In some instances, cost drivers were either reduced or eliminated through support and cost share by
electric utilities and local government.
Electric utilities have a significant impact on the cost of what is required to add new service.
Meanwhile local governments can (and did) provide support by waiving permit fees or expediting the
permit process.


/LVWRI%OLQN'&)&V'HSOR\HGGXULQJ7KH(93URMHFW

Table 11-1. Name of host and street address for dual-port DCFCs deployed in The EV Project.
&UDFNHU%DUUHO(DVW5LGJH
1460 North Mack Smith Road
East Ridge, TN 37412
&UDFNHU%DUUHO&OHYHODQG
1650 Clingan Ridge Drive NW
Cleveland, TN 37312
&UDFNHU%DUUHO$WKHQV 6ZHHWZDWHU 
110 Burkett L. Witt Blvd
Athens, TN 37303

+DUYDUG0DUNHW
1401 Broadway
Seattle, WA 98122
7DKRPD0DUNHW ,([LW 
6006 Pacific Highway East
I-5 Exit 137
Fife, WA 98424
)UHG0H\HU*UDQG&HQWUDO
2500 Columbia House Blvd
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&UDFNHU%DUUHO&RRNHYLOOH
1295 S Walnut Avenue
Cookeville, TN 38501
&UDFNHU%DUUHO&URVVYLOOH
23 Executive Drive
Crossville, TN 38555
&UDFNHU%DUUHO)DUUDJXW :.QR[YLOOH 
716 N Campbell Station Road
Exit 373
Farragut, TN 37934
&UDFNHU%DUUHO+DUULPDQ
1839 South Roane Street
Harriman, TN 37748
&UDFNHU%DUUHO.LPEDOO
550 Kimball Crossing Drive
Kimball, TN 37347
&UDFNHU%DUUHO0DQFKHVWHU
103 Paradise Street
Exit 110
Manchester, TN 37355
&UDFNHU%DUUHO0XUIUHHVERUR
138 Chaffin Place
Murfreesboro, TN 37129
&UDFNHU%DUUHO1DVKYLOOH
3454 Percy Priest Drive
Nashville, TN 37214
5LYHUYLHZ7R\RWD
2020 W Riverview Auto Drive
Mesa, AZ 85201
%HOO)RUG
2401 W. Bell Road
Phoenix, AZ 85032
)UHG0H\HU6DQG\
16625 SE 362nd Ave
Sandy, OR 97055
:DOPDUW
23500 NE Sandy Blvd
Wood Village, OR 97060
)UHG0H\HU6XQVHW
22075 NW Imbrie Drive
Hillsboro, OR 97124
1LVVDQRI6DQWD5RVD
1275 Santa Rosa Ave.
Santa Rosa, CA 95404
/LQHDU&LW\'HYHORSPHQW//&0DWHR6WUHHW
662 Mateo Street
Los Angeles, CA 90021
+LOOVERUR&LYLF&HQWHU

Vancouver, WA 98661
)UHG0H\HU6DOPRQ&UHHN
800 NE Tenney Rd
Vancouver, WA 98685
)UHG0H\HU7RWHP/DNH
12221 120th Ave NE
Kirkland, WA 98034
)UHG0H\HU(DVW6DOHP
3740 Market NE
Salem, OR 97301
)UHG0H\HU7LJDUG
11565 SW Pacific Highway
Tigard, OR 97223
)UHG0H\HU/DNH&LW\:D\
13000 Lake City Way NE
Seattle, WA 98125
)UHG0H\HU+ROO\ZRRG
3030 NE Weidler St
Portland, OR 97232
&%5(%ULWDQQLD3RLQW*UDQG
280 E Grand Ave
South San Francisco, CA 94080
&UDFNHU%DUUHO/HEDQRQ
635 South Cumberland
Lebanon, TN 37088
&%5(%ULWDQQLD2\VWHU3RLQW
1110 Veterans Parking Garage
South San Francisco, CA 94080
8QLWHG0DUNHWV6DQ$QVHOPR
100 Red Hill Rd.
San Anselmo, CA 94960
:DWHUPDQ$YH6DQ%HUQDUGLQR/$&$
1935 S. Waterman Ave, San Bernardino
San Bernardino, CA 92408
)U\ V6WRUH3KRHQL[
4707 E. Shea Blvd.
Phoenix, AZ 85028
1LVVDQRIWKH(DVWVLGH
11815 NE 8th Ave
Bellevue, WA 98005
)UHG0H\HU7XDODWLQ
19200 SW Martinazzi
Tualatin, OR 97062
0$3&2+LOOVERUR5RDG)UDQNOLQ71
1100 Hillsboro Road
Franklin, TN 37064
8QLWHG0DUNHWV6DQ5DIDHO
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150 E Main Street
Hillsboro, OR 97123
6RXWK/DNH8QLRQ'LVFRYHU\&HQWHU'&)&
101 Westlake Ave N
Seattle, WA 98109
(OPHU V
255 N Arney Rd # 255
Woodburn, OR 97071
,QWXLW0HQOR3DUN&DPSXV
180 Jefferson Drive
Menlo Park, CA 94025
:DVK:L]DUG
1845 E. University Drive
Tempe, AZ 85281
7ULOOLXP1RUWK
20425 North 7th Street
Phoenix, AZ 85024
6LOYHU6SULQJ1HWZRUNV
585 Broadway Street
Redwood City, CA 94063
0-6DQWD<VDEHO
30250 Julian Rd
Highway 78 and 79
Santa Ysabel, CA 92070
*RRG(DUWK0DUNHW5RXWH=HUR
720 Center Blvd.
Fairfax, CA 94930
&KDWHDX0RQWHOHQD:LQHU\
1429 Tubbs Lane
Calistoga, CA 94515
,QWXLW0RXQWDLQ9LHZ&DPSXV%XLOGLQJ
2500 Garcia Ave.
Mountain View, CA 94043
%XUJHUYLOOHQGDQG3RZHOO
3504 SE 92nd
Portland, OR 97266
6SLUHQW&RPPXQLFDWLRQV
1325 Borregas Avenue
Sunnyvale, CA 94089
6KHOO6WDWLRQ1/DNH3OHDVDQW
3NZ\
24805 N Lake Pleasant Pkwy
Peoria, AZ 85383
&ODFNDPDV7RZQ&HQWHU%DUQHVDQG1REOH
3DUNLQJ
11900 SE 82nd Ave
Happy Valley, OR 97086
)DFHERRN%XLOGLQJ

515 Third St.
San Rafael, CA 94901
6RXWK6WUHHW3DUNLQJ*DUDJH
450 South Street
San Francisco, CA 94158
($,,QF
1337 E. Washington
Phoenix, AZ 85034
6DQWD&ODUD&LW\/LEUDU\'&)&
2635 Homestead Drive
Santa Clara, CA 95051
)UHG0H\HU%HOOHYXH
2041 148TH NE
Bellevue, WA 98007
2KORQH&ROOHJH1HZDUN&DPSXV
39399 Cherry Street
Newark, CA 94560
(GJHZRRG3OD]D
2050 Channing Way
Palo Alto, CA 94303
)U\ V6WRUH*LOEHUW
714 S. Val Vista
Gilbert, AZ 85296
'XQFDQ6W
19 Duncan St
Clayton, GA 30525
:DOJUHHQV6WRUH
1502 Lake Tapps Pkwy SE
Auburn, WA 98092
:DOJUHHQV6WRUH
1701 Auburn Way S
Auburn, WA 98002
:DOJUHHQV6WRUH
34008 Hoyt Rd SW
Federal Way, WA 98023
:DOJUHHQV6WRUH
1416 Harvey Rd
Auburn, WA 98002
'&)&6'68/RW*
5500 Campanile Dr
San Diego, CA 92182
&LW\RI+D\ZDUG%6W
805 B Street
Hayward, CA 94541
+DVHOZRRG)DPLO\<0&$6LOYHUGDOH
Haselwood YMCA
3909 NW Randall Way
Silverdale, WA 98383
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1601 Willow Rd.
Menlo Park, CA 94025
%HOOHYXH&ROOHJH
3000 Landerholm Circle SE
Bellevue, WA 98007
:LOVRQYLOOH7RZQ&HQWHU
8255 SW Wilsonville Road
Wilsonville, OR 97070
&DPHOEDFN7R\RWD6RXWK6LGHRI'HDOHUVKLS
1550 E. Camelback Road
Phoenix, AZ 85014
%3%HOO5RDG
1101 Bell Road
Antioch, TN 37013
6KDUL V5HVWDXUDQWDQG3LHV.HL]HU
4998 River Rd. N
Keizer, OR 97303
1RUWK%D\1LVVDQ
1250 Auto Center Drive
Petaluma, CA 94952
6XQVHW'HYHORSPHQW%LVKRS5DQFK
2430 Camino Ramon
San Ramon, CA 94583
6($566WRUH
6515 E Southern Ave
MESA, AZ 85206
6($566WRUH
7780 W Arrowhead Towne Ctr
GLENDALE, AZ 85308
6($566WRUH
4604 E CACTUS RD
PHOENIX, AZ 85032
6($566WRUH +DPLOWRQ3ODFH0DOO 
2100 Hamilton Place Blvd
Chattanooga, TN 37421
&RQFRUG+LOWRQ
1970 Diamond Blvd.
Concord, CA 94520
&KHYURQ'LVFRYHU\0DUNHW
2128 E. Florence Blvd
Casa Grande, AZ 85122
%HVW:HVWHUQ(VFRQGLGR
1700 Seven Oaks Road
Escondido, CA 92026
$SSOLHG0DWHULDOV%XLOGLQJ
3225 Oakmead Village Drive
Santa Clara, CA 95051

5RWK V6LOYHUWRQ
918 N 1st Street
Silverton, OR 97381
$OH[DQGULD5HDO(VWDWH2ZHQV6W3DUNLQJ
*DUDJH
1670 Owens Street
San Francisco, CA 94158
6LPSVRQ6WURQJ7LH'&)&
5956 West Las Positas Boulevard
Pleasanton, CA 94588
6DQWD&ODUD&RQYHQWLRQ&HQWHU
5001 Great America Parkway
Santa Clara, CA 95054
:DOJUHHQV6WRUH
3929 Kitsap Way
Bremerton, WA 98312
'DOWRQ8WLOLWLHV&ROOHJH'ULYH
890 College Drive
Dalton, GA 30722
%OLQN1HWZRUN QG$YHQXH 
430 S. 2nd Avenue
Phoenix, AZ 85003
&LW\RI&KXOD9LVWD7RZQH&HQWHU3DUNLQJ
6WUXFWXUH
340 F Street
Chula Vista, CA 91910
0LUD0HVD±$7 7%XLOGLQJ
8248 Mira Mesa Blvd
San Diego, CA 92126
3OD]D(VFXHOD:HVW3DUNLQJ/RWQG)ORRU
1500 Botelho Drive
Walnut Creek, CA 94596
6WDQIRUG6KRSSLQJ&HQWHU
600 Stanford Shopping Center
Palo Alto, CA 94304
,GOH$LUDW&DUQH\V3RLQW1-)O\LQJ-,
([LW&
326 Slapes Corner
Carneys Point, NJ 08069
,%(:8QLRQ+DOO
15937 NE Airport Way
Portland, OR 97230
6HUUDPRQWH&HQWHU
3 Serramonte Center
Daly City, CA 94015
(TXLW\2IILFH0HWUR
101 Metro Drive
San Jose, CA 95110
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2KORQH&ROOHJH)UHPRQW&DPSXV+\PDQ+DOO
43600 Mission Blvd
Fremont, CA 94539
6KDUL V5HVWDXUDQWDQG3LHV6KHUZRRG
16280 SW Langer Dr
Sherwood, OR 97140
7R\RWDRI(O&DMRQ
965 Arnele Ave
El Cajon, CA 92020
&LW\RI$]XVD6DQ*DEULHODQG:WK
San Gabriel and W. 6th
Azusa, CA 91702
6($566WRUH
3111 W Chandler Blvd
Chandler, AZ 85226

:DOJUHHQV6WRUH6DQ-RVH
780 East Santa Clara Street
San Jose, CA 95112
:DOJUHHQV6WRUH6DQWD&ODUD
200 N Winchester Blvd
Santa Clara, CA 95050
6KHOO6WDWLRQ(%XFNH\H
1509 E. Buckeye
Phoenix, AZ 85034
7KRXVDQG2DNV7UDQVSRUWDWLRQ&HQWHU'&)&
265 S Rancho Rd
Public Works Department
Thousand Oaks, CA 91320

 :KDW/RFDWLRQ)DFWRUV'LG+LJKO\8WLOL]HG'LUHFW&XUUHQW)DVW&KDUJHUV
+DYHLQ&RPPRQ

,QWURGXFWLRQThe EV Project deployed over 100 DCFCs using the CHAdeMO charging
standard [1]. This option for fast charge capability was included on all Nissan Leaf vehicles that
participated in The EV Project. 
The EV Project’s plan for deployment of DCFCs included some located within metropolitan areas of
The EV Project and some located on transportation corridors between metropolitan areas. The latter were
intended to enable Leaf drivers to extend their travel range and move between metropolitan areas. This
was most extensively done in Tennessee, where there are distinct population centers separated by miles of
highway, passing primarily through rural areas.
The distribution, by state, of DCFCs deployed in The EV Project is shown in Figure 11-7. DCFCs
were deployed in the California markets of The EV Project as follows: 30 in San Francisco and 5 each in
Los Angeles and San Diego.


.H\&RQFOXVLRQV

x

The most highly utilized DCFCs in The EV Project were located in the metropolitan areas of Seattle
and San Francisco.

x

The metropolitan areas of San Francisco and Seattle represent two of the top five U.S. sales markets
for the Nissan Leaf.

x

The top 10% of the most highly utilized DCFCs in The EV Project averaged 40 fast charges per
week.

x

The most utilized DCFC stations were located along major commuter routes within the major
metropolitan areas.

x

Many of the highly utilized DCFCs were located near or associated with high-tech employers.
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'DWD$QDO\]HGData analyzed for this paper included DCFC use data collected by the
Blink network and transmitted to the Advanced Vehicle Testing Activity at INL. INL’s data experts then
qualified and aggregated data for reporting. DCFC utilization data includes all charging operations, not
just those from vehicles that were part of The EV Project.

Figure 11-7. Deployment of DCFCs by state.
This report analyzed DCFC utilization over the final 6 months of 2013, including charge events and
energy dispensed per DCFC. During this period, over 30,000 charge events and 275,000 kWh of electrical
energy were delivered from The EV Project’s DCFCs.
In order to determine what effect location had on DCFC use, the most utilized stations were mapped
and their locations examined for distance to local attractions, large employers, and transportation routes.

$QDO\VHV3HUIRUPHGThe top 20 most utilized DCFC stations in The EV Project are
listed in Table 11-2. The top 12 most utilized DCFCs in The EV Project were located in the Seattle
(seven DCFC) and San Francisco (five DCFC) markets. Based on the average number of charge events
per week, the Blink DCFC at Evernote in Redwood City, California was used most frequently at
66.5 charge events per week over the last 6 months of 2013.
Because DCFCs in Seattle and San Francisco represent the top 12 sites and 70% of the top 20 most
utilized stations, analysis focused on location-based factors that contributed to the high utilization of these
DCFCs. Figure 11-12 shows all DCFC stations in San Francisco and Seattle that had an average of more
than three charge events per week. This figure also shows significant variation in DCFC utilization within
these two markets. San Francisco DCFC utilization ranged from 66.5 to only 4.3 charge events per week.
While the metropolitan Seattle area had utilization ranging from 58.85 to 3.77 charge events per week.
Figures 11-8 and 11-9 (also included in larger format as Figures 11-13 and 11-14) show the
geographic relationship between DCFCs in the San Francisco and Seattle markets. The figures represent
DCFC use with the height of the bars.
Analysis of these highly utilized locations was performed using annual average daily traffic and the
location of the DCFC station relative to the nearest major transportation route. Figure 11-10 shows an
example of this for the most frequently used DCFC, which was at Evernote in Redwood City, California.
The Evernote site is near a major junction of the Bayshore Freeway (US-101) and is associated with the
highly compensated workforce of a high-tech employer.

11-12

Figure 11-8. DCFC use in San Francisco market.

Figure 11-9. DCFC use in Seattle market.
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Figure 11-10. Geographic information system map of DCFC and annual average daily traffic for 2013.

'LVFXVVLRQRI5HVXOWVIn addition to being the first (i.e., San Francisco) and fourth
(i.e., Seattle) largest markets for sales of the Nissan Leaf in 2013, three location-based characteristics are
associated with the highest utilized DCFCs in these markets:
x

Close proximity to popular commuter routes

x

Close proximity to or direct association with a highly compensated workforce

x

DCFC located in an obviously publicly accessible venue.

1HDU%XV\7UDQVSRUWDWLRQ5RXWHV²The proximity to popular commuter routes appears to have the
greatest influence on DCFC popularity, because it was a feature that was common amongst most of the
high-use stations. Table 11-3 lists the top 12 DCFCs and the average daily traffic that was within half a
mile of the DCFC station. Nine of the 12 stations are located near very significant transportation routes.
The majority of these transportation routes are located within the urban areas they serve. The exception is
the second most frequently used station at Tahoma Market in Fife, Washington. This station is more
accurately described as being outside the urban Seattle area and more likely acts as a range extending or
connecting station between metropolitan areas. It is located adjacent to Junction 137 on highly travelled
Interstate 5 (as seen in Figure11-11).
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Typically, DCFCs located adjacent to highways between metropolitan areas were not used as often as
those located adjacent to commuter routes within a metropolitan area.

Figure 11-11. Geographic information system map of DCFCs and annual average daily traffic for 2013.
1HDU(PSOR\HUVZLWK+LJKO\&RPSHQVDWHG:RUNIRUFH²Another factor that appears to influence
utilization is the location of the DCFC near the campus of high-tech businesses, which typically have a
highly compensated workforce. This is likely due to the matching demographics between employees of
high-tech businesses and EV purchasers as highlighted in a paper published by Experian Automotive in
April 2014 [2]. In addition to being used as a workplace charger, these DCFCs also benefit from a very
local population of EV drivers accessing the stations for public use.
However, installations on high-tech campuses near commuter routes are not a guarantee of high
utilization (as can be seen in the map showing DCFC locations in Table 11-4). Facebook, Intuit, and
Spirent Technologies are all high-tech companies with a highly compensated workforce and DCFC
stations similarly located adjacent to the same Bayshore Freeway as the Evernote DCFC. Utilization of
these stations was not as high as it was for others along the Bayshore Freeway. One factor that likely kept
these stations from being used as much as the others along the Bayshore Freeway was the existence of a
free DCFC at a Nissan Technology Center that is located within a 10 minute walk (per comments on
Plugshare.com) from Spirent Technologies.
(DVLO\$FFHVVLEOH/RFDWLRQ²Finally, simple and easy access to the DCFC station was an important
factor for frequent utilization. Among the highest used sites are those that were clearly accessible to the
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public. Two-thirds of the top 20 most utilized sites were found in public parking garages and parking lots
at public venues like shopping centers and community colleges.
Although Facebook’s DCFC is available to the public, it is inside a large employee parking lot (as
seen in bird’s eye view shown in Figure 11-15) and may be perceived as less welcoming to passing EV
drivers.

&RQFOXVLRQVThe first observation that must be made about highly utilized DCFCs in
The EV Project is that they are located in two very successful markets for the Nissan Leaf. Without a
significant population of “fast-chargeable” PEVs, high utilization cannot be achieved.
Regarding the location of the most highly utilized DCFCs in The EV Project, there is a greater
likelihood that a DCFC will be highly utilized if its location exhibits all of the following location-based
characteristics:
x

Within a half mile of a major commuter route

x

On or near the campus of a company with a highly compensated workforce, where it can function as
both workplace and publicly accessible

x

It is in a welcoming location (i.e., not too closely associated with the host).



5HIHUHQFHV

1. CHAdeMO Association http://www.chademo.com/wp/.
2. Experian Automotive, “Consumers purchasing an electric vehicle are younger and more affluent than
those buying a hybrid,” April 22, 2014 https://www.experianplc.com/media/news/2014/experianautomotive-consumers-purchasing-an-electric-vehicle-are-younger-and-more-affluent/.


7DEOHV

0RVW8WLOL]HG'LUHFW&XUUHQW)DVW&KDUJHUVE\&KDUJH(YHQWVSHU:HHN
Table 11-2. Report from data supplied by Blink network from July 1 through December 31, 2013 (source:
Advance Vehicle Testing Activity at INL).
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$QQXDO$YHUDJH'DLO\7UDIILFQHDUWKH0RVW8WLOL]HG'LUHFW&XUUHQW)DVW&KDUJHUV
Table 11-3. Report from data supplied by Blink network from July 1 through December 31, 2013 (source:
Advance Vehicle Testing Activity at INL).

8WLOL]DWLRQRI'LUHFW&XUUHQW)DVW&KDUJHUVLQWKH6DQ)UDQFLVFRDQG6HDWWOH0DUNHW$UHDV
Table 11-4. Report from data supplied by Blink network from July 1 through December 31, 2013 (source:
Advance Vehicle Testing Activity at INL).
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)LJXUHV

Figure 11-12. Report from data supplied by Blink network from July 1 through December 31, 2013
(source – Advance Vehicle Testing Activity at INL).
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Figure 11-13. Report from data supplied by Blink network from July 1 through December 31, 2013
(source – Advance Vehicle Testing Activity at INL).
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Figure 11-14. Report from data supplied by Blink network from July 1 through December 31, 2013
(source – Advance Vehicle Testing Activity at INL).
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Figure 11-15. Google Earth view of Facebook campus at 12 Hacker Way, Menlo Park, California. DCFC
located at circle marker on left side of photo.

 :KDWLVWKH,PSDFWRI8WLOLW\'HPDQG&KDUJHVRQD'LUHFW&XUUHQW)DVW
&KDUJHU+RVW"

,QWURGXFWLRQThe PEV EVSE delivered by The EV Project included both AC Level 2
and DCFC units. Over 100 of these dual-port Blink DCFCs were deployed by The EV Project. These
DCFCs were installed in workplaces and in publicly accessible locations near traffic hubs, retail centers,
parking lots, restaurants, and similar locations.
The Blink DCFC is capable of charging at power up to 60 kW. Its dual-port design sequences the
charge from one port to the other, delivering power to only one of two vehicles connected at a time. The
actual power delivered through a port is determined by the PEV’s onboard battery management system.
Both the power and total energy used to recharge a PEV can represent a significant cost for the charging
site host.
Many electric utilities impose fees for power demand as part of their commercial rate structure. The
demand charge incurred by a customer is related to the peak power used during a monthly billing cycle.
This is in contrast to the cumulative total energy usage that is the more familiar utility charge seen for
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most residential services. A demand charge is typically assessed for the highest average power over any
15-minute interval during the monthly billing cycle.
One objective of The EV Project was to identify and elucidate the motivations and barriers to
potential DCFC site hosts. Application of electric utility demand charges is one such potential barrier.
This subject was introduced in the paper: '&)DVW&KDUJH'HPDQG&KDUJH5HGXFWLRQ [3], where it
discussed demand charge impact in general terms in order to focus on potential mitigation actions. This
paper identifies specific cases in order to quantify the impact of demand charges on EV Project DCFC
hosts.


.H\&RQFOXVLRQV

x

Demand charges associated with 50 to 60-kW high power charging of a DCFC can have a significant
impact on a business’ monthly electric utility bill.

x

The business owner will need to choose whether to power the DCFC on the original business service
electrical supply or provide separate service to the DCFC.

x

Detailed analysis of potential costs and the electric utility rate schedule options to determine the
optimal rate schedule for a DCFC site is important and should be conducted in consultation with the
electric utility.

x

Some electric utilities provide rate schedules for commercial customers without imposing demand
charges. When demand charges are imposed by utilities, they can cause a monthly utility bill to
increase by as much as four times.

x

DCFC site hosts may be compensated for energy used in DCFC charging through access or use fees
imposed on PEV drivers in those states that allow energy billing, but demand charges are typically
uncompensated and can be significant.

x

The host’s monthly DCFC demand charge is based on the single highest power required by the DCFC
during the month, regardless of the number of charge events in the month. A higher number of PEV
charges in a month reduces the average demand charge cost per PEV charge.


%DFNJURXQGThe EV Project recommended that all DCFC charging site hosts should
contact their local electric utility for guidance in selecting the optimum arrangement for providing power
to their DCFC. Essentially two options were available: (1) either the DCFC was powered from the
existing service to the facility or (2) new service was provided through a separate electric meter. Selection
of the best option required consideration of the nature of the business, the proximity of the site’s electrical
service to the location of the installed DCFC, existing facility power demands, capability of the existing
service to add new loads, local permitting requirements, and special rates that may be applied by the local
utility.
Fleet and workplace hosts typically absorb the electrical power and energy costs required to recharge
PEVs as part of their business expenses. Hosts for publicly accessible DCFCs in The EV Project were
compensated for energy used through use fees paid by the PEV driver. Some of the hosts elected to
provide DCFC service at no cost to the PEV driver. In this case, the host was responsible for all costs for
charging, including compensating Blink for their network services.
Electric utilities provide rate schedules for commercial customers that are usually based on their
history of energy and power. Appendix A provides information on the following two electric utilities
involved with The EV Project:
x

APS – provides service to most of the metropolitan Phoenix area and other parts of the state. Among
its schedules, it provides rate schedules for small commercial (i.e., 21 to 100 kW), medium
commercial (i.e., 101 to 400 kW), large commercial (i.e., 401 kW+), and extra-large commercial
(i.e., 3 MW).
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x

PGE – provides rate schedules for small non-residential (i.e., 0 to 30 kW), medium and large
non-residential (i.e., 31 to 200 kW) and large non-residential (i.e., 31 to 200 kW).
These two electric utility rate structures are used in this paper for comparative analysis.


'DWD$QDO\]HGThis paper selected the Phoenix metropolitan region served by APS,
where demand charges are imposed on all but the extra small commercial customers. PGE was selected
because it does not impose demand charges on certain customers. The effects of DCFC charging on
monthly utility bills related to demand charges were then identified.
Three months of charge data were selected for analysis, including June, July, and August 2013. The
EV Project deployment of DCFC was stable over this time period and PEV drivers were well aware of the
location of these DCFC. The fee structure for DCFC access had been in place for approximately 1 year,
was stable, and, therefore, had little effect on utilization.
OpenEI (http://en.openei.org/wiki/OpenEI:About) provides analyses on renewable energy and energy
efficiency and provides load profiles [4] for various sized businesses in each of the major regions of the
United States. Those load profiles are used for further analysis in Phoenix and Portland.
This paper uses typical host usage load profiles combined with actual DCFC charge data collected by
The EV Project to measure the impact of demand charges. Using the APS and PGE rate schedules, the
cost impact of each is identified.

'LUHFW&XUUHQW)DVW&KDUJH/RDG$QDO\VLVDCFC delivers power at a rate
controlled by the PEV’s onboard battery management system. Some of the vehicle factors that determine
the maximum charge rate (and the greatest power demand) include battery conditions such as state of
charge, temperature, age, and condition. The Leaf was the only PEV in The EV Project capable of
charging at a DCFC and its highest maximum charge power was limited by the battery management
system to 50 kW. In addition, the charge was typically terminated at approximately 80% battery state of
charge.
Figure 11-16 shows the energy delivered per charge time for Phoenix DCFC charge data over the
3-month period identified above.

Figure 11-16. DCFC charge energy versus time.
The maximum slope in Figure 1 identified by the red line illustrates the maximum charge power of
approximately 49 kW. For APS, the peak demand was determined as the average power (kW) demand
over a 15-minute period. For charges longer than 15 minutes, the peak demand used for the monthly
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billing cycle was the maximum power demand of 49 kW. If the charge duration was less than 15 minutes,
the peak demand used for the monthly billing is shown in Figure 11-17.

Figure 11-17. APS DCFC peak demand versus charge time.
The median DCFC connect time in Phoenix was 20 minutes, which results in the maximum demand
of 49 kW. The median energy delivered during this typical charge is 9.1 kWh. Because this charge could
occur at any time of the day (as was the case identified in the charge data), the worst case scenario for
analysis would occur if the DCFC charge is coincident with the business peak demand. Average usage of
all DCFC deployed in the Phoenix area over the 3-month period is 18 charges per month. Review of the
Portland data revealed that average usage was 78 charges per month. Based on these data, analyses were
conducted for 1, 20, and 100 charges per month.


&XVWRPHU/RDG3URILOH$QDO\VLV

6PDOO2IILFH(YDOXDWLRQ±3KRHQL[6PDOO2IILFH$QDO\VLV²The small office average load profile in the
Phoenix area as provided by OpenEI for June through August is shown in Figure 11-18. The business
peak power demand was 17.5 kW. The energy consumed was 289 kWh for this work day. Assuming
21 work days per month, the monthly energy consumed is 6,069 kWh.
If this business owner elected to install a DCFC, they would need to decide whether to add the DCFC
to the existing service or to separately meter the DCFC. A separately metered service may allow the
DCFC to operate under one of the other rate schedules and keep the business at the existing rate.
When the DCFC was added to the existing service, a new peak demand of 66.5 kW would be reached
if the DCFC charged a vehicle at 49 kW (Figure 11-19) coincident with the business peak. This
coincidence is highly likely because the DCFC will be available all afternoon when PEV drivers are likely
to desire charge. It is unlikely that the existing service would be able to absorb this added power demand.
Thus, new service would be required; therefore, the business owner’s decision is whether to put all loads
under the new service or to power only DCFC under the new service.
2QH6HUYLFHPrior to addition of DCFC, the business’ monthly electric utility statement under APS rate
schedule E-32 XS would have been $800. The monthly bill (for energy and power) after the addition is
shown in Table 11-5.
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Figure 11-18. Phoenix small office profile.

Figure 11-19. Phoenix small office with DCFC charging.
Table 11-5. Monthly costs for DCFC and small office.
DCFC Uses
DCFC kW $
DCFC kWh $
Business kW $
1
$482
$0.57
$172
20
$482
$11.39
$172
100
$482
$56.94
$172

Business kWh $
$388
$388
$388

Total Monthly
$1,042
$1,053
$1,098

Because the demand charge for DCFC was a one-time charge for the peak demand, it did not change
over the month. The business energy cost decreased because costs were lower under the E-32 S schedule
than under the original E-32 XS schedule.
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1HZ6HUYLFHIRU'LUHFW&XUUHQW)DVW&KDUJH±'LUHFW&XUUHQW)DVW&KDUJH6FKHGXOH(6The new
service included only the DCFC; therefore, the business could be retained on the original service.
Table 11-6 identifies the costs associated with the new service, which would be on rate schedule E-32 S
plus the business on the original service under E-32 XS.
Table 11-6. Monthly costs for new DCFC service.
DCFC Uses
DCFC kW $
DCFC kWh $
1
$482
$0.94
20
$482
$18.81
100
$482
$65.10

Business kWh $
$800
$800
$800

Total Monthly
$1,283
$1,300
$1,347

The DCFC energy charge is higher in this case because energy used is charged at a higher rate as part
of the first 200 kWh. However, as seen when comparing these tables, the business would have benefited
from using the E-32 S rate instead of E-32 XS.
1HZ6HUYLFHIRU'LUHFW&XUUHQW)DVW&KDUJH±'LUHFW&XUUHQW)DVW&KDUJHDQG%XVLQHVV(6
Selecting new service for the DCFC and changing the rate to E-32 S for the business results in the
monthly costs shown in Table 11-7.
Table 11-7. Monthly costs for DCFC and business separately metered on Schedule E-32 S.
DCFC Uses
DCFC kW $ DCFC kWh $ Business kW $ Business kWh $ Total Monthly
1
$482
$0.94
$172
$388
$1,043
20
$482
$18.81
$172
$388
$1,061
100
$482
$65.10
$172
$388
$1,107
It makes little difference then whether the business selects to individually meter the DCFC or
provides power to it from one service if both are on rate schedule E-32 S. In both cases, the utility
demand charge affects not only the DCFC but the business costs as well. However, if the business was
originally on this schedule, the demand charge for the DCFC increases the monthly cost by 86%.
6PDOO2IILFH(YDOXDWLRQ±3RUWODQG6PDOO2IILFH$QDO\VLV²The small office average load profile in
the Portland area as provided by OpenEI for June through August is shown in Figure 11-20. The business
peak demand was 11.4 kW. The energy consumed was 179 kWh for this work day. Assuming 21 work
days per month, the monthly energy consumed was 3,764 kWh. DCFC charging at the business peak is
also displayed in Figure 11-20.
Under Schedule 32, the business’ monthly energy cost was $411. When the DCFC was added to the
existing service, a new peak demand of 65.1 kW would be reached when the DCFC charged a vehicle at
49 kW (similar to Figure 11-19). Again, it is unlikely that the existing service would be able to absorb this
added power demand. As before, the business owner’s decision is whether to put all loads under the new
service or to power only the DCFC under the new service.
2QH6HUYLFHThe new peak would require Schedule 38 or 83. Both are TOU rates. Under Schedule 38,
on-peak is weekdays from 7 a.m. to 8 p.m. All other times are off-peak. Energy consumed by the business
on-peak is 2,549 kWh, with 1,210 kWh at off-peak. Using the PGE summer rate schedule, Schedule 38
costs for this business and DCFC charging are shown in Table 11-8.
Schedule 83 includes a demand charge. Costs for this business and DCFC charging are shown in
Table 11-9.
Schedule 38 is less costly if both the business and DCFC charging are on one service meter.
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Figure 11-20. Portland small office profile.
Table 11-8. Small business with DCFC charging Schedule 38.
DCFC Uses DCFC kW $ DCFC kWh $ Business kW $
1
$0
$1.22
$0
20
$0
$24.38
$0
100
$0
$121.90
$0

Business kWh $
$491
$491
$491

Table 11-9. Small business with DCFC charging Schedule 83.
DCFC Uses
DCFC kW $
DCFC kWh $ Business kW $
1
$248
$0.67
$66
20
$248
$13.38
$66
100
$248
$66.89
$66

Business kWh $
$258
$258
$258

Total Monthly
$493
$516
$613

Total Monthly
$572
$585
$638

1HZ6HUYLFHIRU'LUHFW&XUUHQW)DVW&KDUJLQJThese options are identified on the PGE Schedule 32.
However, the DCFC charge would exceed the kW limit of this schedule and Schedule 38 or 83 would
apply. Because there is no demand charge, Schedule 38 is selected and the only added cost is the energy
consumed by the DCFC. The monthly utility statement with the business separately metered on Schedule
32 and DCFC separately metered under Schedule 38 is identified in Table 11-10.
Table 11-10. Monthly costs for Portland small business with separate DCFC service and with different
rate schedules.
DCFC Uses
DCFC kW $
DCFC kWh $ Business kW $ Business kWh $
Total Monthly
1
$0
$1.22
$0
$411
$412
20
$0
$24.38
$0
$411
$435
100
$0
$121.90
$0
$411
$533
This would be the least costly alternative for this small business.
While the business energy charge and the DCFC charge is similar between Phoenix and Portland, the
demand charges imposed by APS result in a monthly bill that is more than two times higher.
)XOO6HUYLFH5HVWDXUDQW$QDO\VLV±3KRHQL[)XOO6HUYLFH5HVWDXUDQW$QDO\VLV²The full-service
restaurant average load profile in the Phoenix area as provided by OpenEI for June through August is
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shown in Figure 11-21; it also includes the DCFC charging event previously identified. The peak power
demand increased from 72 to 121 kW. Because this is a restaurant, the daily load profile is assumed for
all days of the week.

Figure 11-21. Phoenix full-service restaurant with DCFC profile.
This customer typically would have been assigned rate schedule E-32 S. Because the new peak was
above 100 kW, the business was placed in the new schedule E-32 M. The business owner then needed to
evaluate whether the DCFC should be placed on a separate meter under schedule E-32 S or the original
service upgraded to service both the business and the DCFC charging.
2QH6HUYLFHWith both the business and DCFC charging on the same meter on Schedule E-32 M,
monthly costs are shown in Table 11-11.
Table 11-11. Phoenix full-service restaurant with DCFC E-32 M.
DCFC Uses
DCFC kW $
DCFC kWh $ Business kW $
1
$401
$0.55
$734
20
$401
$11.09
$734
100
$401
$55.43
$734

Business kWh $
$2,250
$2,250
$2,250

Total Monthly
$3,386
$3,396
$3,441

1HZ6HUYLFHIRU'LUHFW&XUUHQW)DVW&KDUJLQJProviding new service for DCFC allows both the
business and DCFC to be on Schedule E-32 S, but on separate meters. Costs for this arrangement are
shown in Table 11-12.
Table 11-12. Phoenix full-service restaurant on E-32 S.
DCFC Uses
DCFC kW $
DCFC kWh $ Business kW $
1
$482
$0.94
$705
20
$482
$18.81
$705
100
$482
$65.10
$705

Business kWh $
$2,312
$2,312
$2,312

Total Monthly
$3,500
$3,518
$3,564

Because there is little difference between the two options, the business owner will likely base the
choice on other factors, such as installation costs involved with routing power to the DCFC. The demand
charge on the DCFC adds approximately 15% to the utility bill.
While both Schedule E-32 S and E-32 M have TOU alternatives, most of the restaurant demand and
DCFC charging is on-peak and there is little opportunity to shift any loads to off-peak. Therefore, these
rates are not evaluated here.
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)XOO6HUYLFH5HVWDXUDQW$QDO\VLV±3RUWODQG)XOO6HUYLFH5HVWDXUDQW$QDO\VLV²The full-service
restaurant average load profile in the Portland area as provided by OpenEI for June through August is
shown in Figure 11-22; it also includes DCFC charging events previously identified. The peak power
demand increased from 50 to 99 kW.

Figure 11-22. Portland full-service restaurant with DCFC charging.
Rate Schedules 38 TOU and 83 may apply to the business and DCFC charging. Because the original
business demand exceeded 30 kW, Schedule 32 does not apply.
2QH6HUYLFH±6FKHGXOH7LPHRI8VHFor Schedule 38 TOU, on-peak is defined as 7 a.m. to 8 p.m.
Monday through Friday and off-peak is all other times. Using the PGE summer rate schedule and
assuming that all DCFC charging occurs on-peak, the total monthly utility cost for this business is shown
in Table 11-13.
Table 11-13. Portland restaurant with DCFC charging Schedule 38 TOU.
DCFC Uses
DCFC kW $
DCFC kWh $
Business kW $ Business kWh $
1
$0
$1.22
$0
$3,439
20
$0
$24.38
$0
$3,439
100
$0
$121.90
$0
$3,439

Total Monthly
$3,440
$3,463
$3,561

2QH6HUYLFH±6FKHGXOHSchedule 83 contains on-peak times from 6 a.m. to 10 p.m. Monday through
Friday and off-peak at all other times. It also imposes demand charges. Assuming all DCFC charging
occurs on-peak, the total monthly utility cost under this schedule is shown in Table 11-14.
Table 11-14. Portland restaurant with DCFC charging Schedule 83.
DCFC Uses
DCFC kW $
DCFC kWh $
Business kW $
1
$277
$0.67
$286
20
$277
$13.38
$286
100
$277
$66.89
$286

Business kWh $
$1,848
$1,848
$1,848

Total Monthly
$2,412
$2,424
$2,478

In this case, the utility rate schedule imposes demand charges but reduces energy costs, resulting in
lower monthly costs with the DCFC charges. The contribution of demand charges for DCFC adds $277 to
the monthly bill.
1HZ6HUYLFHIRU'LUHFW&XUUHQW)DVW&KDUJLQJBased on the costs shown Tables 11-13 and 11-14, the
business owner would likely have elected Schedule 83 for the business before adding the DCFC, even
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though it imposed demand charges. However, the DCFC added under new service could be added under
Schedule 38 with no demand charge. The resulting monthly cost is shown in Table 11-5.
Table 11-15. Portland restaurant with separate service.
DCFC Uses
DCFC kW $
DCFC kWh $
Business kW $
1
$0
$1.22
$286
20
$0
$24.38
$286
100
$0
$121.90
$286

Business kWh $
$1,848
$1,848
$1,848

Total Monthly
$2,135
$2,158
$2,256

In this case, the addition of DCFC had no impact on the business demand costs.
The Phoenix restaurant consumes more energy and requires higher power than the Portland restaurant
during these summer months. The demand charges in Phoenix of $1,135 compare to the demand charges
in Portland of $286.

6HSDUDWHO\0HWHUHG6HUYLFHCost for installation of separately metered service is the
customer’s responsibility. This cost is dependent on site conditions and varies with each installation. Each
utility assesses the basic costs for providing service through a meter, which is typically $25 to $30 per
month. The separately metered service includes this monthly service cost. The previous analyses do not
include these costs because they do not significantly impact the monthly service cost.
In most cases, installation practice for The EV Project provided DCFC charging through new
electrical service, because sufficient electrical capacity to add the DCFC load to an existing service was
rarely available. In most cases, this was also advantageous in maintaining the lowest monthly cost. Prior
consultation with the electric utility was used to identify the best choice for the DCFC host.
As noted above, PGE requires that when PEV charging is separately metered, “… Such service must
be metered with a network meter as defined in Rule B (30) for the purpose of load research, and to collect
and analyze data to characterize EV use in diverse geographic dynamics and evaluate the effectiveness of
the charging station infrastructure” [7]. The cost of this networked meter is the responsibility of the DCFC
host.

'HPDQG&RVWSHU3OXJLQ(OHFWULF9HKLFOHAs seen in the tables above, the demand
charge is a single monthly charge to the business regardless of the number of PEVs charging. Thus, the
cost per charge is reduced if more PEVs are charged. For example, the demand cost for DCFC charging
shown in Table 8 in Phoenix is $482. If one PEV is charged in the month, the cost per charge is $482. If
20 PEVs are charged in the month, the cost per is $24. If 100 PEVs are charged in the month, the cost per
charge is $4.82.
Some revenue sharing plans provide compensation to the host at rates higher than the energy cost to
assist in offsetting the demand charge. While significant, the demand charge is easier to absorb with
higher DCFC utilization. Higher utilization will also mean more opportunities to attract customer traffic
for the business.

2EVHUYDWLRQVPower demanded by DCFC has a more significant impact on electric
utility costs for smaller commercial businesses than for larger ones. Each electric utility defines
commercial businesses and their rate schedules based on its own needs and as regulated by the local
Public Utility Commission or municipal rules. These rate schedules vary widely among utilities and each
business needs to evaluate its options. Consultation with the electric utility is essential when adding PEV
charging to an existing business; this is especially true when considering the high demand of a DCFC.
Separately metered service for the DCFC may allow the customer to avoid demand charges in some
cases.
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DCFC access fees charged to PEV drivers during The EV Project were based on energy costs. This
revenue sharing plan partially compensated the DCFC host for the cost of energy consumed for charging.
However, any demand charges were not reimbursed by these fees and may be a significant impact to the
host.
 5HIHUHQFHV
3. http://avt.inl.gov/pdf/EVProj/DCFastCharge-DemandChargeReductionV1.0.pdf [accessed March 14,
2015].
4. Open EI load profiles, http://en.openei.org/datasets/files/961/pub/.
5. APS Business Electric Rate Schedules,
http://www.aps.com/en/ourcompany/ratesregulationsresources/serviceplaninformation/Pages/business
-sheets.aspx.
6. PGE Rate Schedules,
https://www.portlandgeneral.com/our_company/corporate_info/regulatory_documents/tariff/rate_sch
edules.aspx.
7. ibid.
 (OHFWULF8WLOLW\2YHUYLHZ
$UL]RQD3XEOLF6HUYLFH²APS rate schedules are provided in Reference [5]. While all contain basic
service charges and fees, the charges of interest are for energy and power demand. Summer and winter
rates are provided. Summer rates are of interest in this analysis. Schedules E-32 XS, E-32TOU XS, E-32
S, and E-32TOU S offer rates for bundled and unbundled service. Bundled service is used in this analysis.
Several schedules offer TOU options. Time periods are on-peak weekday from 11 a.m. to 9 p.m. and
off-peak time periods are all remaining hours.
Monthly maximum demand is based on the highest average kW supplied during the 15-minute period
during either the on-peak or off-peak hours of the billing period, as determined from readings of the
company’s meter.
APS has no special distinction related to businesses charging PEVs.
Table A-1 shows basic differences between rate schedules for energy usage and demand.
Table 11-16. APS rate schedules for commercial customers.
Max
Schedule
kW
Energy
E-32 XS
20
$0.14258/kwh first 5,000 kWh plus
$0.08148 for additional kWh
E-32TOU
20
$0.17033/kWh for the first 5,000
XS
kWh On-Peak plus $0.08564/kWh
for all additional On-peak plus
$0.12686/kWh for the first 5,000
kWh off-peak plus $0.04755 per
kWh for all additional Off-peak
kWh.
E-32 S
100
$0.10337 per kWh for first 200 kWh
plus $0.06257 for additional kWh
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Demand
NA
NA

$9.828 per kW for the first 100 kW plus
$5.214 for all additional kW

Schedule
E-32TOU S

Max
kW
100

E-32 M

400

Energy
$0.07367 /kWh during On-Peak plus
$0.05873/kWh Off-Peak

$0.09884/kWh for the first 200 kWh
plus $0.06091/kWh for all additional
kWh

Demand
$14.303/kW for the first 100 kW
on-peak plus $9.713/kW for all
additional On-Peak kW plus $5.484/kW
for the first 100kW Off-Peak plus
$3,054 for all additional kW off-peak
$10.235 for the first 100 kW plus
$5.385 per kW for all additional kW

3RUWODQG*HQHUDO(OHFWULF²PGE rate schedules are provided in Reference [6].
6FKHGXOH applies to small (i.e., less than 30-kW service) non-residential customers. It provides the
two energy charge options involving either standard service or TOU. A PEV TOU option applies for
those businesses that wish to charge EVs. They may do so with the existing service of either standard
service or TOU. If the customer chooses to separately meter the PEV charging, it will be billed under the
TOU option. All costs associated with the second meter are the customer’s responsibility. Basic,
transmission, and related services and distribution charges will apply to the second meter and the initial
meter.
The PGE TOU rates are set at on-peak, off-peak, and mid-peak and are set as the following for the
summer months:
On-peak 3:00 p.m. to 8:00 p.m. Monday through Friday
Mid-peak 6:00 a.m. to 3:00 p.m. and 8:00 p.m. to 10:00 p.m. Monday through Friday; 6:00 a.m. to
10:00 p.m. Saturday
Off-peak is set at 10:00 p.m. to 6:00 a.m. all days; 6:00 a.m. to 10:00 p.m. Sunday and holidays.
6FKHGXOH applies to large (i.e., less than 200-kW service) non-residential customers with no
monthly demand exceeding 200 kW more than once in the preceding 13 months. It provides for one
standard rate that includes energy charges for on-peak and off-peak periods. On-peak is weekday 7 a.m.
to 8 p.m. Off-peak is all other times. This rate also includes the EV time-of-day option that may be billed
directly under the basic schedule or as a separately metered service billed under the TOU option.
The separately metered PEV circuit is required to meet special conditions that allow for load research
and to collect and analyze data to characterize PEV use.
6FKHGXOH applies to large (i.e., less than 200-kW service) non-residential customers with no
monthly demand exceeding 200 kW more than six times in the preceding 13 months and not more than
4,000 kW more than once. EVSE charging may occur under this service or through a separately metered
option on Schedules 32 or 38.
Table A-2 summarizes these rate schedules.
Table 11-17. PGE rate schedules for commercial customers.
Max
Schedule
kW
Energy
Schedule
30
$0.10914/kwh first 5,000 kWh plus
32 Standard
$0.08228 for additional kWh
Service
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Demand
NA

Schedule
Schedule
32 TOU

Schedule
38 TOU
Schedule
83

Max
kW
30

200
200

Energy
$0.15615/kWh on-peak,
$0.10914/kWh mid-peak, $0.08357
off-peak for first 5000 kWh.
Reduced by $0.02686 above 5000
kWh.
$0.13396 per kWh on peak,
$0.12396 per kWh off-peak
$0.07351 per kWh on peak,
$0.05851 per kWh off-peak

Demand
NA

NA
$2.83/kW for first 30 kW and
$2.73/kW for over 30 kW plus
$2.92/kW for on-peak kW

 'LUHFW&XUUHQW)DVW&KDUJH'HPDQG&KDUJH5HGXFWLRQ
Author’s note: This lessons learned white paper section was originally written while The EV Project
was still active and it has been left in the original present tense.

,QWURGXFWLRQThe first objective of The EV Project is to collect usage data from deployed
EVSE to understand the charging behavior and habits of users. The second objective is to elucidate the
motivations and hindrances to EVSE ownership. To achieve this second objective, it is important to
consider the various factors that a prospective EVSE owner will weigh when deciding to purchase and
install an EVSE unit.
One such factor that arises with EVSE ownership is application of “demand charges.” These are
charges levied by the utility, typically for commercial properties, for peak power used during a billing
cycle, regardless of the amount of energy drawn at this power rate. These demand charges can add
significantly to the utility bill for an EVSE host and can make EVSE hosting cost prohibitive. While
demand charges can be incurred for sites with several AC Level 2 EVSE installed on one meter and
methods for demand charge reduction apply to both EVSE types, demand charge costs for DCFC hosts
are likely to be more significant because of the much higher power draw by a single DCFC. Thus, the
methods for demand charge reduction are more likely to be applied in the DCFC case; therefore, this
white paper will focus on DCFCs.
This section identifies issues associated with electric utility demand charges for power drawn by
DCFC units and discusses opportunities for demand charge avoidance.
The following sections discuss the issue of demand charges more explicitly and outline the various
methods for demand charge reduction. Subsequently, there is a section on a case study in which the
methods are applied to a specific hypothetical EVSE installation. It should be noted that the specific
electric utility rates are from 2012.

%DFNJURXQGThe demand charge incurred by a customer is related to the peak power
used during a billing cycle. In contrast to total energy usage which is a more familiar utility charge, a
demand charge is incurred for a one-time occurrence of an elevated power level and is not a
cumulative-type charge. Demand charge rates are specified in $/kW and are usually incurred when the
peak power used during a billing cycle rises above a specified threshold, but are sometimes incurred for
any power level above zero. Certain utilities even levy a yearly peak power demand charge. Demand
charges are the method by which utilities disincentivize power use during high demand periods and high
peak demands.
For most U.S. utilities, the peak power for a given billing cycle is determined by calculating the
average power in consecutive 15-minute intervals (from start to finish of the billing cycle) and extracting
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the highest average from the entire cycle of intervals. Some utilities will impose a demand charge for
every kW of usage; others will impose no demand charge until a specified power threshold is surpassed.
In some of the latter cases, the demand charge is calculated by subtracting the demand charge threshold
power level from the highest average power from the set of intervals, and then multiplying the remainder
by the demand charge rate. In other cases where a threshold exists, any incursion over the threshold will
result in a demand charge for the entire average power level, not just the amount above the threshold.
Because power is averaged over the interval, it is possible for power demand during an interval to exceed
the threshold and still incur no demand charge, as long as the average power over the interval is below the
threshold.
Demand charges can become quite significant, and can, in fact, dominate a utility bill in certain
circumstances. A generic example of the effect of demand charges on a utility bill is shown in
Table 11-18, where the bills for a varying number of charged PEVs are shown, along with the cost per
vehicle charged. In this example, the basic meter charge is $200 (regardless of the power and energy
drawn by the EVSE); the demand charge is $10/kW, a typical commercial value; and the energy charge is
$0.11/kWh, also a typical commercial value. Each PEV that is charged is assumed to use the full 60 kW
available from the Blink DCFC for 20 minutes, for a total energy usage of 20 kWh per vehicle. A further
assumption is that there is no other load on this particular meter. Implicit in this assumption is it means a
new utility service is installed for the EVSE and additional costs associated with a new service for the
EVSE are ignored.
Table 11-18. Demand charge scenarios.
Number of
Vehicles
Scenario Charged/ Month Meter Charge
1
0
$200
2
1
$200
3
10
$200
4
100
$200
5
250
$200
6
500
$200

Demand
Charge
$0
$600
$600
$600
$600
$600

Energy Charge
$0
$2.20
$22
$220
$550
$1,100

Monthly
Total
$200
$802.20
$822
$1,020
$1,350
$1,900

Cost per
Vehicle
NA
$802.20
$82.20
$10.20
$5.40
$3.80

As shown in Table 11-18, the demand charge remains constant regardless of the number of vehicles
charged and it becomes proportionally less of the bill as the number of vehicles charged increases.
Furthermore, as the number of vehicles charged increases, the overall cost per vehicle falls dramatically.
If a sufficiently large number of vehicles use the EVSE to charge, the demand charge becomes less of a
concern. However, because the number of vehicle customers cannot be estimated with any precision and
site owners may be unwilling to incur large demand charges, strategies to reduce or eliminate these
charges must be developed. The number of PEVs and the number of EVSE users will be low at first, but
are expected to grow gradually. The demand charges incurred from hypothetical DCFC installations in
EV Project areas can also be examined. For this analysis, a particular duty cycle will be assumed. The
duty cycle involves three vehicles charging from 30 to 90% and seven vehicles charging from 30 to 60%
per day, all at the maximum rate of 60 kW. The vehicles will all be assumed to be Nissan LEAFs, each
with a useable energy storage system capacity of approximately 20 kWh. Thus, the three vehicles will
each receive 12 kWh and the seven vehicles will receive 6 kWh for a total of 18 kWh per day. The DCFC
will again be assumed to be the only load on the meter.
Some The EV Project utility partners do not impose any demand charges for power and energy
demand of a DCFC installation, including the following:
x

Tucson Electric Power
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x

Alameda Municipal Power

x

Silicon Valley Power

x

PG&E

x

City of Palo Alto Utilities.

Three utilities within The EV Project (in 2012) with the highest demand charge rates are all in
California (these are given as the highest possible demand charge; demand charges may be lower at other
times of the year and/or at other times of the day):
1. Los Angeles Department of Water and Power: $9.00 per kW (high-peak demand charge) plus $5.00
per kW (facilities charge) for a total of $14.00 per kW
2. Southern California Edison: $17.05 per kW (summer demand charge) plus $12.18 per kW (facilities
charge) for a total of $29.20 per kW
3. Burbank Water and Power: $9.86 per kW (billing demand charge) plus $11.18 per kW (special
demand charge) for a total of $21.04 per kW.
Demand charges for a representative sample of utilities in The EV Project are presented in
Appendix B. Note that Tennessee utilities (in 2012) only impose demand charges above 50 kW; therefore,
if the DCFC was the only appliance on the circuit and the maximum AC power was 50 kW, there would
be no demand charge.
Using the base and energy rates from Section 11.1.4.9 for the high demand charge utilities, along with
the demand charge rates, the monthly (i.e., 30.4 days) bill for DCFC installation with the assumed duty
cycle could reach the following:
x

Los Angeles Department of Water and Power: $28.00 (base) + $25.60 (energy) + $840 (demand) for
a total of $893.60. The demand charge would be 94% of the total monthly bill.

x

Southern California Edison: $134.17 (base) + $12.13 (energy) + $1,752 (demand) for a total of
$1,898.30. The demand charge would be 92% of the total monthly bill.

x

Burbank Water and Power: $15.99 (base) + $62.22 (energy) + $1,052 (demand) for a total of
$1,130.21. The demand charge would be 93% of the total monthly bill.

It is clear from these examples that devising solutions to the demand charge problem associated with
DCFC PEVs is imperative in order to prevent hindrance to growth of this industry. The purpose of this
white paper is to discuss the various options available for reducing or eliminating demand charge for
EVSE installations. It is unlikely that one method will be optimal for each specific location; therefore, all
options should be considered on a case-by-case basis.

'HPDQG&KDUJH5HGXFWLRQ2SWLRQVIn order to determine the method for reducing
demand charge, the first step is to determine the following parameters for a given location:
1. What is the expected peak demand of the site owner in a billing period? Over how much of the
15-minute interval does the peak demand span?
2. What is the average site demand?
3. What is the utility rate structure? Is there a yearly maximum average power demand charge in
addition to the billing cycle maximum average power demand charge?
4. What is the demand charge tolerance?
Once these parameters are specified, the next step is to choose from the possible methods for reducing
demand charge. The six methods that have been identified are as follows:
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1. Never allow overall site power demand to exceed a specified value.
2. Attempt to ensure average power over the interval is less than or equal to a specified value.
3. Attempt to recoup demand charge cost through structured pricing for EVSE charging.
4. Add an energy storage system that buffers the EVSE unit from high power demands during charging.
5. Aggregate demand among multiple EVSE installations into one demand charge calculation, taking
advantage of the diversity that may exist in individual unit usage.
6. Provide demand response capability to the utility to either offset or circumvent demand charges.
The first option is more conservative in that demand charges will be less likely to be incurred. The
second option allows more flexibility, higher EVSE power levels, and is useful when the expected site
peak demand (without the EVSE contribution) is much larger than the average site demand. Ensuring that
the average site power does not exceed the specified value can be accomplished in two ways: (1) using a
combination of historical data for peak and average power, the EVSE power is de-rated, and (2) using
only the historical average demand data, allow full EVSE power but only for a portion of the 15-minute
interval. The third option can ensure that the EVSE owner is compensated for the demand charges
incurred, but the cost per charge may become prohibitive for the average vehicle owner or DCFC host.
These three options are discussed in more detail in the following subsections.
The fourth option can provide certainty that the demand charges are minimized, but only up to a
certain number of vehicles and the complexity and cost of the overall system will necessarily increase.
The fifth and sixth options offer demand charge reduction opportunities, but they both involve substantial
negotiations with the electric utility. The fifth option would require the utility to allow the EVSE network
operator to aggregate all of the deployed EVSE into one demand. The sixth option, which is known as
interruptible service and is offered already by some utilities, would require an agreement between the
operator and utility on the value of the network providing demand response capabilities. The complexities
of these last three methods warrant separate discussions in future white papers and are not discussed
further in this paper.

'HPDQG&KDUJH5HGXFWLRQ0HWKRG3HDN6LWH'HPDQG'LFWDWHG$SSURDFK
The first method for demand charge reduction (or elimination) is to ensure the peak output of the EVSE
never exceeds the value that is the difference between the demand charge tolerance and the expected peak
demand of the site owner. This is depicted in Figure 11-23, where the blue line is the billable power over
the interval (the sum of the site power demand and EVSE power demand), the red line is the demand
charge tolerance (T), the orange line is the EVSE power demand (X), and the green line is the site peak
power demand (P) without the EVSE contribution. Even though the expected peak demand without the
EVSE contribution may not extend over the entire interval, in order to ensure the total demand never
exceeds the threshold, the peak expected demand is assumed to last the entire interval.
To capture this strategy in a formula, the following variables are assigned:
x

Let D be the threshold above which there is a demand charge (in kW); D is known from the published
utility rate structure

x

Let P be the expected peak site demand without the EVSE over the 15-minute interval (in kW)

x

Let X be the peak power of the EVSE over the 15-minute interval (in kW)

x

Let T be the demand charge tolerance (in kW, is zero when total demand charge avoidance is
desired); T will be a function of the demand charge rate structure and demand charge threshold D.
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Figure 11-23. Billable power never exceeds the demand charge tolerance.
The equation that governs the relationship is
(1)
or billable power is less than or equal to the demand charge tolerance. The variable T is defined by the
customer’s preference and published utility rate structure. The expected peak site demand can be obtained
from historical usage data and so the peak power allowable for the EVSE (X) to obtain a desired demand
charge can be calculated from Equation (1). The DCFC can be electrically limited at the time of
installation.

'HPDQG&KDUJH5HGXFWLRQ0HWKRGVDDQGE([FHHGLQJWKH'HPDQG
&KDUJH7ROHUDQFH$SSURDFKMethods 2a and 2b for demand charge reduction (or elimination)
involves allowing the sum of the peak site demand and EVSE power to exceed the value of the demand
charge tolerance, but only for a shortperiod of time. The power sum for the rest of the 15-minute interval
must be sufficiently low that the average power demand over the interval does not exceed the demand
charge tolerance.
0HWKRGD²Method 2a is depicted in Figure 11-24 for when the site peak power demand duration is
well defined. A crucial aspect of this method is that reliable historical data on the site peak demand
duration must exist and the average site power value must be relatively stable for the time outside of the
peak site demand. If the peak demand timeframe is unknown or if the average site power has a large
standard deviation, Method 2a cannot be used with any confidence that the demand charge will be
reduced or eliminated. This method is complicated by the fact that even if the peak demand timeframe is
known, the 15-minute interval begins at an unknown time. Therefore, the 15-minute interval with the
highest peak and average site demand should be used in order to conservatively determine the highest
allowable EVSE power.
For Method 2a, two more variables must be assigned:
x

Let Y be the average site power demand
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x

Let t be the amount of time over which the site peak power demand (P) occurs (in minutes; is less
than or equal to 15 minutes).

Figure 11-24. Billable power exceeds the demand charge threshold for duration ‘t’ due to site peak power
demand.
The formula relating these variables for this strategy is

As before, the variable T is defined by the customer’s preference and published utility rate structure.
The expected peak site demand (P) and average site power (Y) are obtained from historical usage data, as
well as the peak site demand period (W). The peak power allowable for the EVSE (X) to obtain a desired
demand charge can be calculated from Equation (2). The DCFC can again be electrically limited at the
time of installation.
0HWKRGE²It should be noted that experience to-date indicates that nearly all commercial sites that are
subject to utility demand charges already have a load management system in place that controls site loads
to maintain a consistent average site power demand that is below the host’s demand charge tolerance.
Method 2b is then implemented, where the duration of the EVSE charge is controlled to allow for full
EVSE power, but only for a shortened duration such that the average power demand over the interval
does not exceed the demand charge tolerance (Figure 11-25). Equation (2) is therefore modified:
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Figure 11-25. Duration of the EVSE charge is controlled to allow for full EVSE power, but only for a
shortened duration.
Limiting the EVSE charge to a portion of the 15-minute interval may be a viable method until the
number of vehicles increases to the point that demand charges are amortized over a large number of
charges per month. This strategy may also be advantageous in that the user can be notified that the charge
is done for the 15-minute interval and can perhaps be given the choice to disconnect. However, depending
on site data, energy provided to the PEV may be lower with Method 2b, creating PEV owner
dissatisfaction.

'HPDQG&KDUJH5HGXFWLRQ0HWKRG6HOHFWLYH8VHU&KDUJH5DWHV
$SSURDFKThe third method for reducing or eliminating demand charge for EVSE usage is for the user
to be allowed to select different charge rates (e.g., “premium,” “regular,” and “economy”) with cost
differences for each rate. For example, the premium rate for DCFC might be the maximum allowable
power of the unit (60 kW), while other rates can be any combination that is deemed commercially
beneficial. The advantage of this method is that any power schedule that is the EVSE owner’s preference
can be used. The disadvantages include potentially pricing EVSE usage out of range of the average user
and uncertainty because the number of users selecting each tier will affect the amount that must be
assessed for each vehicle. Also, this approach may cause legal problems because charging at different
power levels may contravene the legal requirement that only utilities can legally sell power. It is
important to note that even though a user may select a given charge power rate, the battery management
system of the battery on board the vehicle will ultimately control flow of electricity to thebattery and
may not allow the power rate chosen. The strategy in the battery management system will take several
factors into account, including temperature and SOC, and also potentially battery characteristics such as
total Ah throughput.

&DVH6WXG\This section outlines case studies for demand charge reduction using the
three methods outlined above for the DCFC case. Unlike the previous examples, this case study considers
a DCFC installation that will be additional to a building service, not a stand-alone service.
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One of the building meters at Blink headquarters was instrumented with measurement equipment that
captured power and energy usage data at a sampling frequency of once per minute. The data were
captured over a 3-day period from 8:35 a.m., August 8, 2011 to 7:47 a.m., August 11, 2011. The resultant
data were then analyzed and the 15-minute interval with the highest average power was determined. The
peak site demand of 16.6 kW was the highest from the 3-day collection period. Data from this interval are
presented in Table 11-19.
Table 11-19. Blink site demand data for 15-minute interval.
Statistic
Peak Site Demand

Value
16.6 kW

Time at Peak

2 minutes

Average Site Demand

14.6 kW

Site Demand Standard Deviation

4.2 kW

The local utility is APS and commercial rates for an extra small location are used for this case study:
x

Energy usage rate: $0.10403 per kWh for the first 200 kWh; $0.06083 per kWh for all additional
energy

x

Demand charge rate: $9.675 per kW for the first 100 kW; $5.146 per kW for all additional energy.

While the interval with the highest average and peak demand is considered for the demand charge, the
energy charge is calculated using the entire 3-day period data. The electrical energy consumed over the
3-day period was 512.02 kWh. Extrapolating this demand over a month (i.e., 30.4 days) of energy usage
and using the energy use rate from above, results in an energy charge of $489.65. The demand charge
tolerance for the DCFC is assumed to be equal to the cost for the energy portion of the site bill (i.e., T is
assumed to be $489.65 divided by the demand charge rate of $9.675/kW or 50.6 kW).
The case study will include the same duty cycle from Section 11.1.4.2 for charging of PEVs. The
costs for Methods 1, 2a, and 2b will be the same because the charging energy is constant and the demand
charge threshold is set. The only difference will be the charge times associated with each method.
Method 3 will be considered separately. The total bill not is determined, only the additional costs
associated with DCFC operation will be calculated.
'HPDQG&KDUJH5HGXFWLRQV8VLQJ0HWKRGVDDQGE²The total monthly bill for these three
methods would be: $20.43 (base) + $41.93 (energy) + $489.56 (demand) for a total bill of $551.92. The
demand charge would be 89% of the total bill. The cost per vehicle is $1.82 if all charges are considered
equal. If value of the charge from 30 to 60% is considered to be one-half of the 30 to 90% charge, the
costs per vehicle would be $2.79 (i.e., 30 to 90%) and $1.40 (i.e., 30 to 60%).
The demand charge reduction for Method 1 is determined by using Equation (1) and the maximum
allowable DCFC charge would be 34.0 kW. The amount of energy that could be provided during any
single 15-minute charge period would be 8.5 kWh. Thus, all seven of the vehicles charging from 30 to
60% could be fully charged within the 15-minute interval, while the three vehicles charging from 30 to
90% would require nearly 22 minutes each.
The demand charge reduction for Method 2a is determined using Equation (2) and the maximum
allowable DCFC charge would be 35.7 kW. The amount of energy that could be provided during any
single 15-minute charge period would be 8.9 kWh. All seven of the vehicles charging from 30 to 60%
could be fully charged within the 15-minute interval, while the three vehicles charging from 30 to 90%
would require over 20 minutes each.
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The demand charge reduction for Method 2b is determined using Equation (3) and the DCFC can
charge a vehicle at its full 60-kW capacity for 9 minutes. After the 9 minutes elapse, the DCFC power
output would have to drop to zero in order to prevent the demand charge threshold from being exceeded;
the charge could resume at the start of the next interval. The amount of energy that could be provided
during any single 15-minute interval would be 9.0 kWh. All seven of the vehicles charging from 30 to
60% could be fully charged within the 15-minute interval, while the three vehicles charging from 30 to
90% would require 18 minutes each.
The EVSE site host could be more confident that demand charges would not be larger than the
specified value by using Method 1 and Method 2b over Method 2a. Method 2a appears to be inferior
because a priori knowledge of peak power values and durations will be difficult to obtain. Method 2b is
likely superior of the three methods because it allows for the highest energy transfer at the maximum
DCFC charge rate; Method 1 could pay a penalty in customer satisfaction because of the lower charge
power. However, Method 2b could also result in customer dissatisfaction because the charge will
terminate and cannot begin again until the next 15-minute interval begins.
'HPDQG&KDUJH5HGXFWLRQ8VLQJ0HWKRG²For Method 3, it is assumed that the three tiers,
“premium,” “regular,” and “economy,” are available to the customer. The power levels for the three tiers
are assumed to be 60 kW, 40 kW, and 20 kW, respectively. The charging component of the demand
charges associated with the three tiers are $580.50, $387.00, and $193.50. Adding the base and charging
energy costs ($20.43 [base] + $41.93 [energy]) from duty cycle charging results in total costs of charging
for the three tiers to be $642.86, $449.36, and $255.86, respectively. The required costs for different
combinations of charge rates are presented in Table 11-20. The demand charge will always be associated
with the maximum tier for a given billing cycle (e.g., if there are any vehicles charged at the “premium”
rate, the $642.86 charge will apply as shown in the last entry in the table). The prices will follow the
relative differences in power of the tiers for this analysis, although it is not necessarily required. This
assumption means that the “premium” charge rate costs three times that of the “economy” rate. The duty
cycle of 10 cars charging per day is used again for each scenario and has been made so that a comparison
with the results from Methods 1, 2a, and 2b can be made. However, the demand charge tolerance, which
was held constant for the other methods, is not fixed in Method 3, and this makes direct comparison
difficult.
Table 11-20. Method 3 scenarios and costs per vehicle.
Required Cost
Per Premium
Scenario
Premium
Regular
Economy
Vehicle
1
304
0
0
$2.11

Required Cost
Per Regular
Vehicle
—

Required Cost
Per Economy
Vehicle
—

2

0

304

0

—

$1.48

—

3

0

0

304

—

—

$0.84

4

104

100

100

$3.15

$2.10

$1.05

5

204

50

50

$2.53

$1.69

$0.84

6

50

204

60

$3.17

$2.11

$1.06

7

50

50

204

$4.25

$2.83

$1.42

9

1

0

303

$6.30

—

$2.10

It is apparent that the fewer premium selections for a given number of overall cars to be charged, the
higher cost that must be assigned to both the premium and regular vehicle prices in order to amortize the
demand charge.
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It should also be noted that using the three tier power levels, the time required to charge from 30 to
60% at each tier is 6 minutes (premium), 9 minutes (regular), and 18 minutes (economy), and from 30 to
90%, the charging time at each tier is 12 minutes (premium), 18 minutes (regular), and 36 minutes
(economy).

&RQFOXVLRQSeveral conclusions can be reached through analysis of the three methods
presented for reducing demand charges and the case study. First, for two out of the three methods, it is
imperative that reliable historical energy use data are available for any prospective DCFC site. If the site’s
demand data without the DCFC contribution are not entirely reliable, a margin of error should be
maintained to prevent inadvertent exceeding of a demand charge threshold that could vastly increase the
cost of operation. Each site must be vetted thoroughly for appropriateness for DCFC deployment,
including the obvious permitting and installation costs and complexities, but also from the standpoint of
site demand data reliability and uniformity: If the data are unavailable or demand varies widely, the site
may not be a suitable for a DCFC unit. This decision must be made on a case-by-case basis and will
largely depend on tolerance of the DCFC host to large and varying demand charges.
The various methods represent different approaches and philosophies to demand charge reduction.
The peak demand-dictated approach of Method 1 is very conservative, especially if the assumed peak
demand is conservatively chosen with a margin of error. The maximum demand charge can be made to be
very predictable. However, the user may be forced to accept a lower charge rate and this may result in
dissatisfaction with the DCFC experience.
The exceeding the demand charge tolerance approach of Method 2a is less conservative and will
allow for higher charge rates. This will increase user satisfaction, but the host may incur larger demand
charges as a result. The reliability and invariability of the site demand are is even more important for this
method. Method 2b is likely to be no less conservative than Method 1 (whereas Method 1 relies on the
historical site peak demand, Method 2b relies on the historical site average demand) and the full power of
the DCFC is available; however, because charge time must be truncated within the 15-minute interval,
customer dissatisfaction may result from having to wait for the next interval to occur, with potentially
prolonged periods with a connected vehicle and no charging.
If the pricing scheme of Method 3 is used, the objective is to compensate the host for demand
charges, rather than attempting to reduce the incurrence of demand charges. In this case, the site demand
data are largely irrelevant, but reliable data on user tier preferences and on user numbers are crucial to the
pricing scheme settings in order to maintain satisfaction of the DCFC host. The larger the number of
users, the lower the price can be per charge for the customers. Furthermore, the more users that choose
the higher-priced charge rate, the lower the price can be for all tiers.
It should be noted once again that the three methods described in detail in this paper are not the only
ways that demand charges can be reduced. Further study will be conducted and white papers will be
released to devise additional methods that may provide more flexibility, options, and cost-reduction
certainty for the DCFC host. In particular, an approach in which the DCFC is paired with a ground energy
storage system that could accept power during periods of low demand (and during periods of low TOU
rates to reduce energy charges) and release power during periods of high demand to reduce the peak
demand value should be investigated fully. Alternatively, the EVSE network operator could negotiate
with the local utility, whereby instead of a demand charge being incurred for each DCFC unit, the
demand can be aggregated into a single demand charge to help lower the overall cost and remove burden
from EVSE hosts. Finally, the EVSE network operator could agree to classify the EVSE units as
interruptible service units; therefore, the utility could direct the EVSE to stop charging whenever
warranted by excessive overall grid demand. In this case, demand charges would still be incurred, but the
charges would be offset by compensation for interruptible service provision.
On a broader scale, some comments on demand charges themselves are warranted. The basic
rationale for demand charges is that they will reduce peak power demands by financially impacting
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behavior regarding the use of electrical power. This assumption is based on the premise that utilities
should reduce peak demand, which will reduce the need for additional generation facilities by using
existing plants more efficiently and will also reduce the need for the inherently inefficient usage of
spinning reserve plants. This premise remains appropriate in the absence of smart grid technologies and
distributed energy storage. However, utilities may be able to substitute these two paradigm-shifting
additions in the electricity sector for new generation capacity because the additions allow for much more
utility control over the electricity demand. Eliminating demand charges, at least in certain circumstances,
in exchange for more utility control, may be in the public interest for a number of reasons, including the
advancement of PEVs. PEVs offer the possibility of distributed energy storage, interruptible service
provision, in addition to additional revenue from increased electricity demand that can be shifted to
off-peak times. Imposing burdensome demand charges may stunt the nascent introduction of PEVs by
limiting the attractiveness of DCFC deployment; this may be against the interest of utilities as well. While
demand charge reduction using the methods outlined in this document for the current rate structures
should be undertaken, the issue and indeed the concept of demand charges should be revisited in the
context of PEVs and DCFCs to determine what steps can be taken to address the needs of all
stakeholders.

8WLOLW\5DWHVBecause of the size and number of pages of utility rates, they are not
included in this report. However, they can be found at http://avt.inel.gov/pdf/EVProj/DCFastChargeDemandChargeReductionV1.0.pdf.
 8WLOLW\'HPDQG&KDUJHV
Author’s note: data were current in 2012.
:DVKLQJWRQ
1. Seattle City Light: $61.00
&DOLIRUQLD
1. Burbank Water and Power: $1,052.00
2. Glendale Water and Power: $16.00 (July through October); $11.00 (November through June)
3. Los Angeles Department of Water and Power: $250 + $450 = $700 (June through September high
peak); $250 + $162.50 = $412.50 (June through September low peak); and $250 + $212.50 = $462.50
(October through May)
4. Southern California Edison: $1,460.00
5. PG&E: None
6. City of Palo Alto Utilities: None
7. SDG&E : $678.50 (non-coincident);$382.50 (Maximum on-peak, summer) and $237.50 (maximum
on-peak winter)
8. Alameda Municipal Power: None
9. Hercules Municipal Utility: $377.00(summer) and $93.00 (winter)
10. Silicon Valley Power: None
$UL]RQD
1. Salt River Project: $210.50 (summer) and $123.00 (winter)
2. Tucson Electric Power: None
3. TRICO Electric Cooperative: $180.00
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4. APS: $483.75 (secondary) and $448.00 (primary)
2UHJRQ
1. PacifiCorp: $213.00 (secondary) and $216.00 (primary)
2. PGE: Schedule 38: none; Schedule 83: $71.40 + $41.60 = $113.00 (facilities) + $41.00 (transmission
and related services charges) + $88.00 (distribution charge) = $242.00
3. Eugene Water and Electric Board: Primary: No charge for first 300 kW; secondary: $306.50
4. Lane Electric Co-Op: None (cut-off at 50 kW exactly)
7HQQHVVHH
1. Middle Tennessee Electric: None (cut-off at 50 kW exactly)
2. Duck River Electric Membership: None (cut-off at 50 kW exactly)
3. Harriman Utility Board: None (cut-off at 50 kW exactly)
4. Athens Utility Board: None (cut-off at 50 kW exactly)
5. Cookeville Electric Department: None (cut-off at 50 kW exactly)
6. Cleveland Utilities: None (cut-off at 50 kW exactly).

 (93URMHFW5HVLGHQWLDO(OHFWULF9HKLFOH6XSSO\(TXLSPHQW
 :KDWZHUHWKH³%HVW3UDFWLFHV´,GHQWLILHGIRU5HVLGHQWLDO&KDUJHU
,QVWDOODWLRQV"

,QWURGXFWLRQIn most communities, installation of electrical equipment such as EVSE in
a residence requires a permit to be issued by the AHJ. At the outset of The EV Project, most AHJs did not
have a process for installation of EVSE, because PEV deployment was just getting started across the
United States. Because The EV Project was being conducted in their jurisdiction, these AHJs needed to
develop a process. The resulting permitting processes proved to be one of the most varied aspects of The
EV Project’s charging infrastructure deployment activity.
EV Project personnel managed installations of these residential EVSE. As a result, The EV Project
team was in a position to be able to identify “best practices” for residential installations, including the
ideal residential installation site and best permitting processes.


.H\&RQFOXVLRQV

x

Although at the outset of The EV Project the local permitting AHJ typically did not have a permit
designation for installation of residential EVSE, many were quick to implement a unique permit for
the EVSE and introduce simple online or self-inspection processes.

x

Installation of separate, metered electric service for EV charging, as implemented in some EV Project
electric utility service areas, eliminated the need to upgrade the homeowner’s electric service panel.

x

EV Project personnel met with the local AHJ in many of the project study markets prior to installation
of the first EVSE in order to educate them about The EV Project and gain their support. This helped
speed up permit application reviews and maintain the project’s installation schedule.


%DFNJURXQGIn exchange for permission to collect data from their vehicle and EVSE,
participating Nissan Leaf and Chevrolet Volt drivers were provided with a free Blink charging unit
(i.e., EVSE; Figure 11-26) and credit toward the cost of installation at their residence. Although the
participating driver (i.e., home owner) was responsible for any installation costs that exceeded the credit,
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the installation credit frequently resulted in the EVSE being installed at their home free of cost to the
driver.

Figure 11-26. Blink residential EVSE.
A survey of the licensed electrical contractors from each of The EV Project markets was conducted to
determine the appropriate installation credit for a “typical” residence and to qualify interested electrical
contractors as part of The EV Project’s Certified Contract Network (CCN). Qualification included
technical capabilities, experience, and the ability to work under contracting requirements imposed on The
EV Project, including DBA conformance. From this process, over 30 electrical contractors were qualified
as part of The EV Project CCN and the initial residential installation cost credit was set to fully cover the
cost of a “typical” residential installation.
The EV Project managed installation of EVSE by having the CCN use a team of two or three
electrical contracting professionals that were located in each region working with the local CCN electrical
contractors and permitting authorities to approve installation cost estimates and coordinate installation
work. Best practices surrounding installation of the Blink residential EVSE were gathered from
experience of the entire EV Project team. Experience of both field and management personnel generated
observations that may be of value to future residential EVSE installations.


2EVHUYDWLRQV

3HUPLWWLQJ3UDFWLFHV²The typical process for obtaining a permit from the local AHJ is completing an
application and submitting it in person at a local municipal office. The application is then processed and
reviewed. When approved, a fee is paid and a permit is issued. In some cases, this process also includes
site inspections both before and after installation.
Using this typical permit process for The EV Project, a CCN contractor spent an uncertain amount of
time completing the application form with information that may have come from multiple sources
(e.g., homeowner, Blink hardware, etc.), travelling to the municipal authority’s office, and waiting for
processing. In some instances, the CCN contractor was unable to obtain the permit on the first trip,
prompting a second trip and adding to the costs for all involved.
The previously published EV Project paper, “How do Residential Charging Installation Costs Vary by
Geographic Location?” [8] provides data on the cost of the permit itself. That paper identified that the
average permit fee charged by the AHJs represented 8.6% of the installation cost. Although this
represents less than 10% of the cost of the installation, it does not include the cost of time spent by the
CCN obtaining the permit. While the costs incurred for time spent were not specifically captured, they
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were often cited by CCN staff in the less progressive jurisdictions as a significant administrative expense
associated with and billable to the installation.
The best permitting practices observed by The EV Project were those that minimized both cost and
time for the applicant. Most of the AHJs that reduced the application time also had lower permit fees.
Two practices utilized by AHJs minimized cost and time: (1) online applications and
(2) self-certification by the installation contractor.
Online permitting was uncommon in late 2010 and 2011 when The EV Project began to install
residential EVSE. However, in response to the permit review workload imposed by The EV Project, some
AHJs implemented online permitting, significantly simplifying the permitting process. Most installations
of EVSE qualified for online or simple permits, unless a plan check was required to verify that sufficient
electrical service capacity existed at the home. Online permitting typically consisted of an online form
and payment of fees by credit or debit card. The permit was issued electronically using the information
provided on the application.
The best example of a self-certification or self-inspection program was in Oregon, where the Oregon
Building Code Department included EVSE installations in a “minor installation label program.” A
summary of this process can be found in the appendix. It is interesting to note that the date on this
document precedes the initial deliveries of Nissan Leafs and Chevrolet Volts by 10 months. Local
government and businesses in Oregon consistently led by example and took action to encourage the
adoption and use of PEVs and the charging infrastructure to support them.
%HVW,QVWDOODWLRQ&RQGLWLRQV²In addition to identifying the best practices associated with residential
permitting, managing installation of thousands of Blink charging units in homes across the country
enabled The EV Project team to identify the features of an “ideal” residential EVSE installation. In this
case, “ideal” is defined as the simplest and, therefore, quite likely is the least expensive installation.
The primary features of an “ideal” residential installation include the following:
x

Utilization of plug-in EVSE rather than requiring the EVSE be hard-wired to its power source. This
allowed installation of the circuit to be completed independent of the actual EVSE installation and
presence of the PEV, providing more flexibility for contractors and home owners in scheduling
installations.

x

An electric service panel with at least two open spaces (to allow installation of a double-pole breaker)
and at least 200 amps of total service capacity (example shown in Figure 11-27).

Figure 11-27. Circuit breaker panel and space for two circuit breakers to support AC Level 2 EVSE.
x

Clear wall AND floor space around the EVSE installation location (Figure 11-28).
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x

Electrical distribution panel nearby (within 8 ft) the EVSE installation location (Figure 11-29 depicts
good installation conditions).

Figure 11-28. Clear floor and wall access to Blink EVSE.

Figure 11-29. EVSE and service panel near PEV.
Other features of an ideal installation include the following:
x

The EVSE installation location includes communication capability via the internet. The best methods
for communication found during The EV Project include the following:

EVSE is easily within range of a wireless internet modem owned by the homeowner.
- An Ethernet connection is available at the EVSE location.
- A Wi-Fi signal booster or powerline device can be used to provide internet connectivity.
x A separate meter is installed (i.e., dedicated for EV charging, as depicted in Figures 11-30 and 11-31),
allowing the EVSE to be installed without affecting the existing service and eliminating any need to
upgrade the electric service panel to accommodate the EVSE load and circuit breaker.
-
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Figure 11-30. Metered circuit dedicated to EV charging and separate whole house electrical service panel.

Figure 11-31. TOU second metered circuit.
Because The EV Project trained its CCN and provided installation estimates to PEV drivers interested
in participating in The EV Project, the vast majority of residential installations that proceeded to
completion had many of these “ideal” conditions. The most common exception was lack of a strong
wireless internet signal at the EVSE location.
The worst condition for a residential installation was the need to upgrade the electric service to the
residence (e.g., new panel, larger utility service, etc.). This was particularly expensive for residences fed
underground by the electric utility. The need for an electric service upgrade almost always caused the
installation cost to significantly exceed the available credit, with most potential participants declining to
enroll as a result.

&RQFOXVLRQVBy virtue of the nascent nature of the EV industry in 2010 and The EV
Project’s obligation to deploy over 8,000 residential EV charging units, local electrical contractors, EV
drivers, and local permitting authorities were simultaneously introduced to a new product to be installed
in homes across the country.
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These EVSE installations exposed electrical contractors to a new business opportunity and EV drivers
to new technology in their garage. It also encouraged many local permitting authorities to use The EV
Project and the installation of EVSE to streamline their permitting processes for this and other simple
residential improvements. This was the most significant “best practice” for installation of residential
EVSE. Today, most jurisdictions use online permitting for simple residential additions or modifications;
however, this was not the case in 2011.


5HIHUHQFHV

8. http://avt.inel.gov/evproject.shtml#LessonsLearned EV Project lesson learned white paper, “How do
Residential Charging Installation Costs Vary by Geographic Location?”


([SHGLWLQJWKH3HUPLW3URFHVVIRU,QVWDOODWLRQRI(OHFWULF9HKLFOH6XSSO\
(TXLSPHQW
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 +RZ'R5HVLGHQWLDO$OWHUQDWLQJ&XUUHQW/HYHO&KDUJLQJ,QVWDOODWLRQ
&RVWV9DU\E\*HRJUDSKLF/RFDWLRQ"

,QWURGXFWLRQOne of the objectives of The EV Project was to deploy PEV AC Level 2
charging stations in geographically diverse markets and collect data from those charging stations. These
markets were selected based on sales and marketing plans of PEV partners Nissan and Chevrolet. The
individual markets were further defined by zip code boundaries in order to support the EV MicroClimate® planning process used to target locations for non-residential (i.e., publicly accessible) charging
stations to support vehicles participating in The EV Project
This diversity enabled the project to collect data reflecting geographic factors that impacted
installation costs and use of charging infrastructure. This section provides an analysis of residential AC
Level 2 charging station installation costs and discusses the geographic factors driving variations in these
costs.


.H\&RQFOXVLRQV

x

During The EV Project, the average (i.e., mean) cost for installation of a residential AC Level 2
charging unit (including permit fees and service upgrades, but excluding charger cost) was $1,354.

x

The median installation cost was $1,200.

x

The Los Angeles market had the highest average installation cost at $1,828, while Atlanta had the
lowest at $775.

x

The cost of permit fees can have a significant impact on overall costs. Average permit costs varied
from $49 to $206 across The EV Project markets and from 3.9% to 14.5% of overall installation
costs.

x

On average, EV Project participants paid $250 toward installation of their Blink home charging unit.


(93URMHFW5HVLGHQWLDO3URJUDPTo interpret and fully understand installation cost
data collected during The EV Project, one must analyze it in context of the project’s history.
In order to meet the expected enthusiasm for introduction of the Nissan Leaf and Chevrolet Volt, The
EV Project elected to limit participation to those vehicle purchasers residing in single-family homes that
had a designated overnight parking location for the participating PEV. Installation costs, time required for
installation, and level of effort to deploy charging units at multi-family dwellings (e.g., apartment
buildings, condominiums, and townhouses) would vary significantly depending on each property’s
parking and management and was deemed to be inappropriate in meeting The EV Project objective of
studying deployment and use of charging infrastructure.
The EV Project intended to provide “free home charging” to study participants who were willing to
share the data generated by use of both their PEV and the charging infrastructure being installed at their
home. This “free home charging” was to include the Blink charging unit and the cost of installing the unit
in a “typical” residence.
To simplify The EV Project’s administration and the appeal to new Leaf and Volt owners, a single
credit amount was established across The EV Project study markets. The credit amount was determined
by surveying licensed electrical contractors in all of The EV Project markets on their installation costs for
various “typical” residences.
This survey of licensed electrical contractors from all EV Project markets not only determined the
appropriate installation credit level, but also qualified interested electrical contractors as part of The EV
Project’s CCN. This qualification included technical capabilities, experience, and the ability to work
under contracting requirements imposed on The EV Project, including DBA conformance. From this
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process, over 30 electrical contractors were qualified as part of The EV Project’s CCN and residential
installation cost credit was set at $1,200.
Deployment of residential charging units began late December 2010 when the Leaf PEVs were first
introduced for sale in the United States. Within the first year of infrastructure deployment, The EV
Project added Volt PEVs to the project and installed residential Blink charging units in 10 diverse
markets, including the following:
1. Arizona (metro Phoenix and Tucson)
2. San Diego, California
3. Los Angeles, California
4. San Francisco, California
5. Oregon (Portland metro, Corvallis, Eugene, and Salem)
6. Seattle, Washington (Seattle metro, Tacoma, and Olympia)
7. Tennessee (entire state)
8. Washington D.C. (metro area, including homes in Maryland and Virginia)
9. Dallas, Texas
10. Houston, Texas.
The offer to participate in The EV Project was made to purchasers or leasers of a Chevrolet Volt or
Nissan Leaf. The EV Project offered a free residential Blink charger and credit of up to $1,200 toward the
cost of installing it in exchange for the vehicle purchaser allowing The EV Project to collect data and
report on their charging patterns for the duration of the project.
The original project schedule, which was based on Nissan and Chevrolet PEV sales projections,
anticipated that full residential participation (i.e., 8,300) and deployment would occur by the end of 2011.
Because PEV sales did not meet expectations, The EV Project added three more markets in 2012 in
order to meet the deployment target as soon as possible. The markets were as follows:
1. Chicago, Illinois
2. Philadelphia, Pennsylvania
3. Atlanta, Georgia.
The extended deployment period and new markets added costs to The EV Project. To manage costs
within the original project budget, installation credit offered to participants was reduced to $400 in all
markets as of August 2012.
Figure 11-32 shows that sales momentum and the addition of three new markets overtook any
negative impact from the reduced installation credit. In addition, Nissan introduced a very attractive lease
program for the Leaf in the fourth quarter of 2012, which nearly doubled the pre-August participation rate
(enrollment for qualified PEV drivers and residential chargers ended on January 31, 2013, resulting in the
decrease in monthly installations).

'DWD$QDO\]HGThe data analyzed for this paper came from reports generated from The
EV Project’s residential participant database. This database was populated with data from participants,
PEV suppliers, EV Project administrators, and CCN installing the home charging units. The paper also
benefits from the direct experience of EV Project staff, which managed deployment of more than 8,300
residential chargers over 2 1/2 years.
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Figure 11-32. Monthly residential EVSE deployment for 2012 and 2013.

,QVWDOODWLRQ&RVW%UHDNGRZQBecause residential EVSE installations were only at
single family residences, variation in installation costs was driven by the following:
x

Materials

Service panel upgrade needed
- Breaker for dedicated 40-ampere circuit
- Wiring length
- Conduit length
x Labor
-

ARRA funding for The EV Project required compliance with DBA. Prevailing electrician labor
wages under DBA varied from over $55 per hour to under $12 per hour
- Administrative effort to comply with DBA over the 2-plus years of the residential portion of The
EV Project, including supplementary weekly payroll documentation
x Permit fees and administration
-

x

Other market-specific conditions.


$QDO\VHV3HUIRUPHGTotal installation costs cited in this paper are based on fees paid to
the CCN contractor performing installation. This amount included EV Project-funded credit plus
whatever additional costs the residential participant paid. It does not include the cost of the Blink charger
unit.
The average total cost for installation of residential charging units in each of the 13 markets analyzed
was $1,354. The average for each of the markets is shown in Figure 11-33.
The average installation cost in Los Angeles was approximately 20% higher than the next highest
market. The next nine markets were within 20% of each other. The three markets that have the lowest cost
were the final markets added to The EV Project.

0D[LPXP,QVWDOODWLRQ&RVWLQ(DFK0DUNHWAs shown in Figure 11-34, the
maximum cost for a residential installation occurred in Los Angeles and represented a significant upgrade
to the electrical service for this home. The second highest was nearer to the maximum in other markets at
$5,900. However, it is interesting to note that Los Angeles had 22 installations over $5,000 (and 30 of the
40 highest cost installations).
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Figure 11-33. Average total installation cost by market.

Figure 11-34. Maximum residential installation cost in each market.
These high installation costs in Los Angeles were likely the result of three market drivers. The first
has to do with the coincident Charge Up LA rebate program being conducted by the Los Angeles
Department of Water and Power. This rebate provided EV Project participants with an additional $800
toward the reimbursement of installation costs. With the Los Angeles Department of Water and Power
Program (i.e., Charge Up LA), a total of $2,000 ($1,200 EV Project and $800 Los Angeles Department of
Water and Power) was potentially reimbursed. Because The EV Project provided the free charging unit,
all $2,000 could go toward installation cost reimbursement. This likely attracted Leaf and Volt drivers
with more expensive installations that otherwise may have not participated in The EV Project.
Another factor associated with Los Angeles Department of Water and Power Program that
significantly increased installation cost was the requirement for a second electric meter to separately
meter energy supplied to the Blink charger.
The third likely contributor to higher costs in Los Angeles is the age of homes in affluent areas of
greater Los Angeles. Addition of an EV charging unit to these older homes is much more likely to
necessitate changes to the electric service or, at least, the service panel.
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,QVWDOODWLRQ&RVWV±0DWHULDOVAlthough the cost of materials did not vary significantly
based on the market (i.e., wiring, conduit, and circuit breaker prices were unchanged across the various
markets), there were geographic aspects regarding what materials were needed to install a dedicated
40-amp circuit that terminated at the Blink EVSE unit in the garage. Those geographic considerations
were primarily associated with the age of the homes into which the EVSE unit was installed. Older homes
were more likely to have lower capacity electric service panels and need a new panel in order to add the
dedicated 40-amp circuit. These panels also may have been located far from the garage (e.g., in the
basement, kitchen, on an outside wall, etc.), further increasing material costs.

,QVWDOODWLRQ&RVWV±/DERULabor costs varied significantly by geographic location.
This was due not only to the DBA prevailing wage for the electricians, but administration costs associated
with installations (e.g., financial accounting, reporting, permit applications, filing, etc.).
Electrician prevailing wages were over $55/hour in counties around San Francisco and Seattle, while
rates in some Texas counties were as low as $11/hour. The electrician’s wages were only part of the labor
costs, because company costs for administration, overhead, and profit margin magnified the differences in
labor costs for The EV Project. The labor element of installation cost was also affected by permitting
requirements of the local government agency having jurisdiction for permitting. Some jurisdictions had
very labor-intensive permitting processes, including local filing of written applications and pre and
post-installation inspections. These requirements resulted in significant hourly costs associated with
driving, waiting in line for permits, and waiting onsite for inspections. Other jurisdictions (e.g., Portland)
offered innovative self-inspection programs that allowed CCN contractors to sign-off on installations
themselves, with inspectors conducting only random sample inspections to verify compliance with code
requirements.
 ,QVWDOODWLRQ&RVWV±3HUPLW)HHV²In addition to labor costs associated with obtaining
a permit to install a charger, fees were associated with the permit. The average permit fee in The EV
Project varied from less than $50 in Oregon and Tennessee to over $206 in San Diego. Figure 11-35
shows the average permit fee for the 13 EV Project markets analyzed.

Figure 11-35. Average permit fee by market.
Figure 11-36 shows the percentage of total installation cost that was represented by the permit fees.
On average, permit fees represented 8.6% of the installation cost. San Diego’s higher fees also represent
the highest percentage of the installation costs (14.5%).
Permits were not always required; however, The EV Project required CCN contractors to be
conservative and obtain permits unless it was clearly not required. The best examples of circumstances
that did not require a permit for EVSE installation were when a building permit was already open for
other construction work being undertaken by the homeowner or when the Blink unit was replacing a
previously permitted home charging unit. However, these were very infrequent occurrences.
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Figure 11-36. Permit fee as a percentage of installation cost by market.
The lowest permit fees (i.e., Oregon and Tennessee) resulted, in part, from local government action,
which simplified a new permit item and a new process. Both of these states encouraged the use of
simplified permitting. As a result, their fees were not only less expensive, but also more convenient than
many of the others. “Best practices” observed for permitting in The EV Project is subject of a separate
paper.
 2WKHU0DUNHW6SHFLILF&RQGLWLRQVA few other specific market conditions influenced
installation costs in some markets.
The first and most obvious is those markets that were added in 2012 and only received a $400 credit
toward installation. These markets (i.e., Atlanta, Chicago, and Philadelphia) had the lowest average cost
for installations. Two factors contributed to their lower average costs: (1) these markets benefitted from
experience gained by the company that managed these installations in The EV Project (i.e., SPX/Bosch)
and (2) the more significant factor was the 18-plus months that the PEV community had matured since
the start The EV Project at the end of 2010. This close-knit community was and is very active and very
communicative. They knew there were installation and equipment options that were less expensive and
did not include any of the requirements associated with the federally funded EV Project (e.g., DBA
compliance, smart charger using home wireless internet access to transmit data, no choice of installer,
etc.). Consequently, this more informed group of EV Project candidates would elect to not participate if
they considered the cost to be too high. Thus, the project attracted those whose installation costs would be
lower. The effect of this is borne out in the data, because these three markets had maximum installation
costs amongst the lowest in The EV Project (see Figure 3).
Older homes typically required an upgrade to their electric service panels in order to accommodate
the AC Level 2 charging unit’s dedicated 40-amp circuit. This was a significant cost driver, with the
greatest impact on installation costs in Los Angeles.
This requirement for dedicated 40-amp service also affected participation in somewhat less affluent
areas (e.g., coastal California), where homes often times did not have air-conditioning and the electrical
service to the home was not sufficient to support a dedicated 40-amp charging circuit. The cost to add this
additional capacity may also have affected participation in these areas.
Another factor that affected installation costs in San Diego was the concurrent TOU study being
conducted by SDG&E. This program was for Leaf owners only and only those who chose to participate
(although very few declined). The study required the installation of a second electrical meter, whose cost
was included in EV Project installation costs when applicable. This TOU program increased the average
installation cost in San Diego by about 10 to 12%.
Permit costs were not affected by this TOU program; therefore, subtracting the cost of the second
meter, the actual impact from permitting costs in San Diego would be higher than the 14.5% shown in
Figure 4.
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 &RQFOXVLRQVGeographic variation in residential installation costs primarily resulted
from three factors: (1) regional labor costs, (2) age of homes in the market, and (3) regional programs that
were being conducted concurrently.
Although permit costs varied significantly across the geographic markets in The EV Project, it
typically represented less than 10% of the total cost.
Labor cost variation reflected prevailing market wages.
Older homes typically required an upgrade to their electrical service panels in order to accommodate
the AC Level 2 charging unit’s dedicated 40 amp circuit. This was not only a significant cost driver, but
likely affected the PEV driver’s decision whether to participate in The EV Project.
 7DEOHVRI$YHUDJH5HVLGHQWLDO,QVWDOODWLRQ&RVWVE\0DUNHW
Table 11-21. Average permit cost.
Market
San Diego
San Francisco
Arizona
Los Angeles
Washington, DC
Seattle
Chicago
Houston
Atlanta
Dallas
Philadelphia
Tennessee
Oregon
Average Permit

Average Permit Cost
$206.77
$161.17
$110.82
$93.05
$87.90
$80.79
$80.46
$78.96
$57.73
$56.88
$55.78
$49.99
$49.37
$115.30

Table 11-22. Average total installation cost.
Market
Los Angeles
Dallas
San Francisco
San Diego
Houston
Seattle
Washington, DC
Arizona
Oregon
Tennessee
Philadelphia
Chicago
Atlanta
Average Installation

Average Total Installation Cost
$1,827.88
$1,461.33
$1,438.95
$1,425.51
$1,369.78
$1,337.61
$1,295.64
$1,197.97
$1,195.27
$1,176.32
$910.54
$900.29
$774.58
$1,354.60
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 +RZ'R3(92ZQHUV5HVSRQGWR5HVLGHQWLDO7LPHRI8VH5DWHV:KLOH
&KDUJLQJ7KH(93URMHFW9HKLFOHV"

,QWURGXFWLRQThe power required to recharge an EV can be a significant electrical load
for a house on the electric grid. Certain electric utilities within EV Project regions have incentivized home
owners to charge their PEVs at specific times to help in managing overall electrical system load. Does
behavioral data for The EV Project driver show that these incentive programs are effective?


.H\&RQFOXVLRQV

x

TOU programs do influence PEV driver charging patterns.

x

57% of survey respondents changed their utility rate subscription as a result of obtaining a PEV.

x

A shift in charging demand to the TOU period is very obvious in the demand curve for PG&E. This
shift causes a demand spike at or shortly after the beginning of the TOU period.

x

Two factors influence the level of awareness and, ultimately, TOU program enrollment are the
perceived value of the incentive and the program’s outreach and education efforts.


:K\LV7KLV,PSRUWDQW"A question frequently asked relating to the adoption of EVs is
“What is the impact of EV charging on the electrical grid?” The change in transportation fuel from
petroleum products to electricity as the PEV transportation segment grows will certainly impact the
demand for electrical power, but each electric utility views that impact differently.
The electric utilities serving The EV Project regions have a mixed response to this question. Some
have shown little concern so far for overall power generation and distribution in their service territory,
while others see the increase in PEV charging demand as an additional challenge to an already challenged
system. This is particularly true in the southwestern states, where there is a history of power disruptions in
the grid (i.e., “brownouts” and “blackouts”).

8WLOLW\6\VWHP/RDG3URILOHVFigure 11-37 shows the Southern California Edison
hourly load profile for the top 12 days of summer (i.e., red line), the top 3 days in winter (i.e., dashed blue
line), and the average of the top 10 days in a normal winter (i.e., dashed green line) during 2004 [9].
The notes in [9] related to this graph indicate the significant load impact of air conditioning during the
summer, which is absent during a normal winter, where the load is more related to lighting and some
heating. This same impact can be seen in unusual winter days as noted by the dashed blue line.
Figure 11-38 contains the load profiles for the same type of days, but shows residential load rather
than system load.
Figure 11-37 clearly shows the peaks and valleys in the system-wide power demand. Residential air
conditioners provide a significant load for the residence. Figure 11-38 shows the clear impact of this load
on the system, both in summer and on unusually warm winter days. PEV charging is a more significant
load than air conditioning, but the impact of PEV charging on the residence was not shown in this in
graph. Of course, the system load profile was impacted by loads from other businesses and other
commercial utility customers.
Electricity-generating costs to the utility can be reduced if the peak demand is lowered by shifting
some demand to the other times of the day. To do this, the electric utility, through approved rate designs,
may provide TOU rates that incentivize power users to shift their loads if possible. This section focuses
on incentives to home owners relating to their PEV charging needs and how they respond to those
incentives.

11-57

Figure 11-37. Southern California Edisonhourly system load profile for 2004.

Figure 11-38. Southern California Edisonhourly residential load profile for 2004.
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+RZ'R8WLOLWLHV8VH7LPHRI8VH5DWHV"Electric utilities may seek to shift peak
loads to times of typically lower demand through TOU rates. These rates generally classify specific times
of the day as on-peak and off- peak and, in some cases, a shoulder, partial-peak, or mid-peak. For
example, for its TOU tiered domestic rate, Southern California Edison identifies residential hours as
follows:
x

On-peak: 12 to 6 p.m. weekdays

x

Off-peak: All other hours [10].

Note how this on-peak time fits with the maximum demand shown in the load profile of Figure 11-37.
PG&E defines summer weekday times on Electric Schedule E-9 as follows:
x

On-peak: 2 to 9 p.m.

x

Partial-peak: 7 a.m. to 2 p.m. and 9 p.m. to 12 a.m.

x

Off-peak: All other times [11].
PGE defines summer weekday times as follows:

x

On-peak: 3 to 8 p.m.

x

Mid-peak: 6 a.m. to 3 p.m. and 8 to 10 p.m.

x

Off-peak: 10 p.m. to 6 a.m. [12].

The price charged for power is typically lower for the off- peak times than for the on-peak times in
order to incentivize the residential customer to shift loads to off- peak times. While it may not be possible
to shift all loads (such as air conditioning), it is possible to shift power to operate swimming pool pumps,
clothes dryers, and so forth to these off-peak times. The same is true for PEV charging. Some electric
utilities have also implemented special EV rates to further incentivize the shifting of PEV charging loads
to off-peak times.
Within the regions of The EV Project, electric utilities that provide TOU rates include the following:
x

APS

x

Georgia Power

x

Los Angeles Department of Water and Power

x

PG&E

x

PGE

x

Salt River Project

x

SDG&E.


(OHFWULF9HKLFOH&KDUJLQJ/RDGVThe Blink EVSE provided to The EV Project
participants can supply up to 7.2 kW power to a connected PEV. The actual energy transferred depends
on the capability of the vehicle’s onboard charger and the charge acceptance rate dictated by the PEV’s
battery management system. While most PEVs currently accept up to 3.6 kW, model year 2013 Nissan
Leafs and other vehicle models coming to market will accept up to the EVSE’s 7.2-kW rating. The peak
load shown in Figure 11-38 for a residence is about 1.8 kW. If charging the PEV occurs simultaneously
with the peak household loads, the new peak could be as much as 9 kW. As such, it is possible that
charging the EV will increase the household demand by a factor of five.
PEV charging will significantly impact household demand at any time of day. Adding a 7.2-kW load
at 3 a.m. in the summer could increase the household load by over 10 times. However, this occurs when
the rest of the utility system is off-peak and helps flatten the overall system load curve.
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How then do PEV owners respond to TOU rates while charging The EV Project vehicles?

$QDO\VLV0HWKRGRORJ\This topic was first addressed by The EV Project in 2012. The
methodology and initial results were presented at EVS26 (i.e., Electric Vehicle Symposium) in Los
Angeles [13]. That methodology illustrates the importance of charging availability and charging demand.
Charging availability at a point in time is the percentage of EVSE in a geographical area that are
connected to a vehicle. Charging demand at a point in time is the total amount of power being drawn from
the electric grid by a group of EVSE in a geographical area. These are represented by time-of-day plots.
For The EV Project, these plots have been included in the quarterly reports since the first quarter of 2011
and posted on the website. They are prepared by geographic area and show the hourly percentage of
EVSE connected and hourly charging demand for all weekdays and weekends for the quarter evaluated.
In addition, these plots are prepared for each of the electric utilities in The EV Project areas.
Figure 11-39 shows the weekday residential charging availability for EV Project vehicles in the
Nashville Electric Service territory during the first quarter of 2013. Figure 11-40 shows the weekday
residential charging demand in the same service territory for the same time period. Note that the plot
shows the maximum, minimum, median, and inner quartile values for all days of the quarter. Nashville
Electric Service does not incentivize PEV drivers to shift charging times and the plots show that a typical
PEV driver commences charge when the vehicle is connected to the EVSE.

Figure 11-39. Weekday residential charging availability in Nashville Electric Service territory during the
first quarter of 2013.

Figure 11-40. Weekday residential charging demand in Nashville Electric Service territory during the first
quarter of 2013.
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Figures 11-41 and 11-42 show the same plots for PG&E for the same time period of the first quarter
of 2013.

Figure 11-41. Weekday residential charging availability in PG&E territory during the first quarter of
2013.

Figure 11-42. Weekday residential charging demand in PG&E territory during the first quarter of 2013.
While the general behavior of PEV drivers connecting their PEV to EVSE is the same in PG&E
service territory as that in Nashville Electric Service territory, drivers in PG&E service territory generally
delay the start of charging until midnight, which coincides with the beginning of the off-peak PG&E
rates. Both the PEV and the EVSE provide programming features that allow the vehicle to be connected
to the EVSE, but delay the start of charging until the time set.
Charging availability and charging demand plots for the PGE service territory from the first quarter of
2013 are shown in Figures 11-43 and 11-44.
Figure 11-43 shows PEV drivers in PGE service territory programming their PEVs or EVSE to
commence charging at 10 p.m. has an effect at the beginning of the off- peak times. However, there are a
significant number of PEV drivers who do not appear to be taking advantage of off-peak charging, which
is reflected by the rise in demand with the increase in charging availability. This rise occurs during the
PGE declared on-peak times.

6XUYH\2EVHUYDWLRQVDriver behavior from the first quarter of 2013’s data clearly
show, as it also did in the initial 2012 report on this topic, that the financial incentives appear to
successfully shift PEV charging demand to off-peak hours. However, it also appears that TOU incentive
was more effective in the PG&E service territory than in the PGE territory.
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Figure 11-43. Weekday residential charging availability in PGE territory during the first quarter of 2013.

Figure 11-44. Weekday residential charging demand in PGE territory during the first quarter of 2013.
7LPHRI8VH6XUYH\²A survey of EV Project participants was conducted on this topic in these two
regions providing TOU rates: PG&E in the San Francisco Bay area and PGE in the greater Portland area.
Because all participants reside in the region where TOU rates are available, the survey asked whether the
participants were aware of the rates, how they became aware, whether they subscribed to the rate, and if
the purchase or lease of the PEV caused them to change their rate choice.
6XUYH\5HVXOWV²A total of 356 responses were received from 1,088 EV Project participants,
representing a 33% response rate at that time. These included 93 responses from the PGE service territory
and 264 from the PG&E territory.
1. To which utility rate structure are you currently subscribed?

Basic

PG&E
16%

PGE
68%

T OU

53%

26%

EV

28%

5%

Solar

3%

1%

The high percentage of respondents in PGE territory opting for the basic rate is a possible reason for
the shape of the charging demand curves seen in Figure 11-44. The basic rate has no incentive for
delaying the charge. Thus, the EV driver would be expected to commence the charge immediately
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upon connecting the vehicle to the EVSE (i.e., after the evening commute home). This is similar to
the PEV driver behavior seen in the Nashville Electric Service territory.
2. Are you aware of the availability of the TOU rate?
Until this survey was distributed, 3% of the PG&E responders said that they were not aware their
utility provided TOU rates and 13% of the PGE customers said that they were likewise not aware.
3. Did you change your rate during or after acquiring your PEV?
Sixty-seven percent of the PG&E responders indicated that they changed rates during or after they
acquired the PEV. Only 31% of the PGE responders indicated that they changed.
4. How did you become aware of the availability of the TOU rate?
For those who were aware of the TOU rate, the responses are identified as follows:
PG&E
35%

PGE
48%

Contacted

27%

15%

Internet

8%

2%

Read

6%

6%

Friend

8%

3%

Utility

1%

8%

Installer
Dealer

2%
8%

0%
4%

Other

6%

13%

General

“General” means the responder had general knowledge of the rate availability and could not pinpoint
how they became aware. “Contacted” means the responder contacted the utility to inquire. Some
researched the rate structure on the internet or read information on the rates. Some were made aware
of the rate from a friend. For some, the EVSE installer or the vehicle dealer provided the information.
The electric utility also made contact with the responder in some cases and some did not fit into any
of these categories.
Combining the General, Contacted, Internet, and Read categories indicates that efforts by the
individual to identify the rate were highest, with 75% of the PG&E and 72% of the PGE responders
finding the rate for themselves.
5. Do you program your EVSE, your EV, both or neither for charging?
PG&E
25%

PGE
18%

EV

53%

45%

Neither

9%

29%

Both

14%

8%

EVSE

A significantly larger percentage of responders in the PGE service territory programmed neither the
EV nor EVSE, compared to PG&E customers responding to the survey. This is consistent with the
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different charging demand shapes in Figures 11-42 and 11-44. This topic was explored further in the
EVSE programming lesson learned also posted to The EV Project website.
Even though 68% of the responders in PGE service territory indicated they subscribed to the basic or
standard utility rate, 57% of these responders indicated that they had programmed their EV, EVSE, or
both. This suggests that EV drivers schedule charging for reasons other than financial incentives.
Three percent of the TOU subscribers noted that they programmed neither the PEV nor the EVSE,
even though two of these eight responses indicated they changed to the TOU rate as a result of obtaining
the PEV.
&RPPHQWV²Other than those who were not aware of the special rate structures, some elected not to
adopt the TOU rate because their PEV needs made it inconvenient to charge off-peak. Others reported
they would not realize any savings with TOU rates.

2YHUDOO2EVHUYDWLRQVData indicate the effectiveness of the TOU incentive rates in
PEV drivers initiating their charge during the off-peak periods. The survey indicates the TOU program
does influence PEV driver charging patterns. Overall, 57% of the respondents did change their utility rate
subscription as a result of obtaining the PEV.
The charging demand and survey data from the PG&E service territory indicate that PG&E TOU
rates effectively incentivize PEV drivers to both select a TOU rate plan and to delay their charging until
off-peak periods. However, data from the PGE service territory suggest that PGE’s TOU rate plans are
not as effective as an incentive, because only 31% of responders chose a TOU rate plan. However, this
could be due to lack of awareness (i.e., the survey indicates that many PEV owners were not aware that
these programs exist). Furthermore, over 70% of the responders learned about TOU rate options on their
own.
The shift in charging demand to the TOU period is very obvious in the demand curve of Figure 11-42
for PG&E. This shift causes a demand spike at or shortly after the beginning of the TOU period. This
spike is not as pronounced in the demand curve of Figure 11-44 for PGE. It is possible that either or both
electric utilities have created enough of a change in demand that their system load objectives are being
met with the current enrollments.
Two factors that will influence the level of awareness and ultimately TOU program enrollment are the
perceived value of the incentive and the program’s outreach and education efforts. Both of these are
important factors that the utilities will need to manage to meet their own objectives for affecting demand.
 5HIHUHQFHV
9. Southern California Edison, “Rebuttal Testimony Supporting Edison Smartconnect™ Deployment
Funding and Cost Recovery: Demand Response,” Rosemead, CA, February 19, 2008.
10. Southern California Edison, “Schedule TOU-D-T Time-of-Use Tiered Domestic,” effective April 1,
2013.
11. PG&E Electric, “Schedule E-9,”
http://www.pge.com//myhome/environment/whatyoucando/electricdrivevehicles/rateoptions/,
accessed 7-17-2013.
12. PGE site:
http://www.portlandgeneral.com/residential/your_account/billing_payment/time_of_use/pricing.aspx,
accessed 7-17-2013.
13. “A First Look at the Impact of Electric Vehicle Charging on the Electric Grid in The EV Project,”
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 5HVLGHQWLDO&KDUJLQJ%HKDYLRULQ5HVSRQVHWR8WLOLW\([SHULPHQWDO5DWHV
LQ6DQ'LHJR

,QWURGXFWLRQThe power required to recharge all PEVs in a region can be a significant
electrical load on the electric grid. Certain electric utilities within The EV Project regions incentivized
The EV Project participants to charge their PEV at specific times to shift the load on the grid from PEV
charging to off-peak periods on the electrical system. Reference [15] explored the results of the incentives
in several regions of The EV Project. It observed that financial incentives successfully shifted PEV
charging demand to off-peak hours.
While it was shown that TOU rates can influence charging behavior, SDG&E (one of the electric
utilities providing TOU rates) desired to know what magnitude of pricing differential between the peak
and off-peak rates was required to drive participant behavior to charge in off-peak times. With approval
of the California Public Utilities Commission, SDG&E established three experimental rates and designed
the PEV TOU Pricing and Technology Study to run concurrent with The EV Project deployment of PEVs
in the San Diego region. Most of the participants enrolled in The EV Project in San Diego who purchased
or leased the Leaf became participants in the study. The final evaluation of the study, as provided to
SDG&E by Nexant, and can be found in “Final Evaluation for San Diego Gas & Electric’s Plug-in
Electric Vehicle TOU Pricing and Technology Study” [16]. This section provides The EV Project
observations from the study.


.H\&RQFOXVLRQV

x

The EV Project and the SDG&E experimental rate study confirm that price incentives can
substantially influence PEV driver residential charging behavior.

x

The SDG&E rate study showed that the greater the differential electrical price between the utility
non-desired charge time and its desired charge time, the greater the behavioral change in driver
residential charging.

x

The cost of installing a second electric utility meter, required by many utilities for their special PEV
charging rates, may exclude many drivers from participating.

x

Participation in the electric utility incentive programs requires the considered design of electric rate
structures and requires the enabling technology to set charge start times either by the residential
EVSE or the PEV. It may also require the EVSE or PEV to communicate billing information to the
utility for subtractive billing.


([SHULPHQWDO5DWH'HVLJQAt the start of The EV Project, SDG&E had two PEV TOU
rates: the EV-TOU schedule applied to those who installed an electric utility meter to monitor PEV
charging separate from household loads and the EV-TOU-2 schedule applied to those who did not install
a separate meter but relied on the existing whole house meter to monitor all loads.
The study intended EV Project participants driving the Leaf in the San Diego region to be randomly
assigned one of three experimental TOU rates. These rates required a second meter for monitoring PEV
charging, the expense to install this meter were paid for by SDG&E in conjunction with the installation
credit provided by The EV Project.
The study required that participants be enrolled in The EV Project, they owned or leased a Nissan
Leaf, they had the separate utility meter installed to monitor PEV charging, they be randomly assigned
one of the experimental rates, and they agreed to participate in the study. The second meter specifically
monitored PEV charging so it would not be included in the energy used by the whole house and could be
priced separately. At the end of the study, the participant would be able to select an existing TOU rate
schedule.
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The experimental rates, as approved by the California Public Utilities Commission [17], followed the
same design as the EV-TOU-2 schedule in providing for on-peak, off-peak, and super off-peak pricing by
time of day. The original EV-TOU-2 schedule is shown in Figure 11-45.

Figure 11-45. SDG&E EV-TOU-2 summer schedule [18].
The EV-TOU rate design is similar except that the on-peak time is from 12 to 8 p.m. rather than 12 to
6 p.m. of the EV-TOU-2 schedule. This rate design provides an approximate 3:1 ratio between the
on-peak rate and the super off-peak rate. While this rate design provides a financial incentive to the PEV
driver to charge during the off-peak and especially the super off-peak times, the driver still has the option
to charge at any time of the day. The study’s experimental rates were established using three different
ratios between the on-peak and super off-peak rates; approximately 2:1 (the EPEV-L schedule), 4:1
(the EPEV-M schedule), and 6:1 (the EPEV-H schedule), allowing SDG&E to determine the magnitude
of price difference necessary to drive participant charging behavior to super off-peak times. Figure 11-48
provides the summer period comparisons of these rates and illustrates that all the experimental rates are
lower than the EV-TOU and EV-TOU-2 rates.
The EV Project installed Blink EVSE in the homes of each of its participants in the San Diego area.
The Blink EVSE provides an intuitive touch screen interface, allowing the PEV owner to easily schedule
a window of time during which the EVSE will provide charge power so the PEV owner can schedule
charging to take advantage of the SDG&E off-peak and super off-peak rates.
 (93URMHFW$QDO\VHVThe Blink EVSE allowed The EV Project to collect EVSE usage
data. Each EV Project participant gave written consent for EV Project researchers to collect and analyze
data from their vehicles and EVSE. Charge data transmitted by the Blink EVSE were collected by the
Blink network and subsequently transmitted to the Advanced Vehicle Testing Activity at INL. INL’s data
experts then qualified and aggregated the data for reporting.
The EV Project published quarterly reports on this aggregated data, which are available on the INL
website: http://avt.inl.gov/evproject.shtml.
Understanding PEV driver charging behavior involves an evaluation of both charging availability and
charging demand.
Charging availability at a point in time is defined as the percentage of EVSE in a geographic area that
are connected to a vehicle. While the EVSE may be connected to the vehicle, it may not necessarily be
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charging. Charging demand at a point in time is the total amount of power being drawn from the electric
grid by a group of EVSE in a geographic area. These are represented by time-of-day plots. The quarterly
reports prepare these plots by geographic area and show the hourly percentage of EVSE connected and
hourly charging demand for all weekdays and weekends for the quarter evaluated.
Figure 11-46 shows the weekday residential charging availability for EV Project vehicles in the
SDG&E service territory during the second quarter of 2013. Figure 11-47 shows the weekday residential
charging demand in the SDG&E service territory for the same time period. Note that the plot shows the
maximum, minimum, median, and inner quartile values for all days in the quarter. With all these data
plotted on the same time-of-day scale, it is clear that while PEV drivers typically connect their PEVs
when returning home, the start of the charge is typically delayed until after the start of the super off-peak
period of midnight.

Figure 11-46. Weekday residential charging availability in San Diego during the second quarter of 2013
[19].

Figure 11-47. Weekday residential charging demand in San Diego during the second quarter of 2013 [19].
The EV Project achieved full participant enrollment in early 2013; Figures 11-46 and 11-47 illustrate
well established behavior by the participants. Even though charging predominately occurred during the
super off-peak times, residential charging occurred during the on-peak and off-peak times in spite of the
pricing incentives of the study.

'LVFXVVLRQRI6WXG\5HVXOWVFour hundred and thirty of the 700 EV Project
participants in the San Diego region agreed to participate in the Study and 272 were enrolled in the
EV-TOU-2 (whole house) rate [16]. A variety of reasons were provided for those electing not to
participate, including “…problems with configuration of their home, installation costs that exceeded the
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installation allowance offered by The EV Project or a desire to not be placed on an experimental rate.”
One of the configuration issues involved the existing electrical service entrance to the residence.
Installing a second meter can be quite costly for some configurations, particularly when the electric
service is provided by an underground connection.
The study provided the following key findings [20]:
x

Key Finding 1: Participant EV charging takes place mostly during the super off-peak period using
charging timers
“…EPEVǦH and EPEVǦM customers had the highest percent of total charging done during the super
offǦpeak period (85% and 83%, respectively), while EPEVǦL customers had 78% of all charging done
during the super offǦpeak period (78%).”

x

Key Finding 2: Participant EV charging exhibits learning behavior
“During the first 4 months of participation in the study, customers in the EPEVǦL and EPEVǦM rate
groups increased their share of super offǦpeak charging and decreased their share of peak period
charging, a trend seen for both weekday and weekends. In contrast, EPEVǦH customers generally
exhibited consistent charging behavior for the entire duration of the study.”

x

Key Finding 3: Participant EV charging behavior responds to price signals
“Formal hypothesis tests show that providing stronger price signals to customers causes them to
charge relatively more during super offǦpeak hours and charge less during the onǦpeak period on both
weekdays and weekends… Compared to the EPEVǦL rate with the smallest price ratio, the EPEVǦM
rate increased the share of weekday charging during the super offǦpeak period by four percentage
points and reduced the share of peak period charging by two percentage points. The EPEVǦH rate had
a larger effect, increasing the super offǦpeak charging share by about six percentage points and
reducing the peak charging share by three percentage points relative to the EPEVǦL rate.”

x

Key Finding 4: EV customers are most responsive to changes in on-peak and off-peak prices
“In order to apply findings from this study to future EV charging rates or to EV rates in other regions,
a structural economic model of charging behavior was used to explicitly capture the tradeǦoffs
associated with charging during one period versus another and provide estimates of price elasticities
for EV charging.” See Reference [16] for specific findings in this area; however, two are repeated
here:
Study participants are more responsive to changes in either the peak or offǦpeak price than to a
change in the super offǦpeak price
- Simulations of EV charging behavior under TOU rates with other price ratios suggest that a price
ratio of 6:1 between peak and super offǦpeak periods would result in customers using about 90%
of their electricity for EV charging during the super offǦpeak period and that further increases
would provide only marginal additional increases in this percentage.”
“The primary conclusion from the Study is that TOU prices, in conjunction with enabling technology,
such as the onboard LEAF charging timer or the timer in the charging unit, results in the vast majority
of EV customers charging overnight and in the early morning rather than during onǦpeak times. A
large body of evidence suggests that the simple enabling technology of charging timers make it easy
and convenient to charge overnight so that a strong tendency for overnight charging is induced by a
small rate differential.”
-

The report notes that “…all data analyzed here represent the behavior and choices of customers who
are early adopters of a new technology… the extent to which the charging behavior of early adopters
represents the behavior of customers who adopt EVs over a longer time horizon is unclear.”
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The report also states, “SDG&E also offers an EV TOU rate that, like the experimental rates, applies
to only EV load and usage. This rate requires customers to install a separate parallel meter and is rarely
chosen.”
The study ended in December 2013 and participants were enrolled in the previously existing rate
schedules in 2014.

&RQFOXVLRQVThe study confirmed analysis of The EV Project in the success of
incentivizing drivers to charge during off-peak times. The study also showed that the differential price
between the peak and off-peak charge times is important in driving charging behavior.
The EV Project and this study identified that the cost associated with installing the second meter, if
not subsidized by the utility or a third party, may limit enrollment in the specific TOU rates desired. The
electric utility will need to determine whether the benefit derived from this change in charging behavior
actually requires the addition of the second meter and justifies subsidizing the installation cost or whether
the same benefit can be achieved by adjusting the whole house rate schedule.
Participants in The EV Project and this study utilized the timing features of their Blink EVSE to
allow their PEV to be connected to the EVSE at any time, yet only charge during off-peak or super
off-peak TOU periods. The convenience of this feature and the capability of the PEV to fully charge
within the super off-peak period are key to supporting the charging behavior incentivized by TOU rates.
Because the existing EV-TOU-2 rate (whole house) is so similar in pricing to the EV-TOU rate, the
results of this study may be valid to apply to redesign of that rate.
The use of a smart residential EVSE, such as the Blink unit, is currently under study by the California
Energy Commission in the sub-metering and subtractive billing study as part of the Vehicle-Grid
Integration Roadmap [21]. If the smart EVSE can meet California Energy Commission and California
Public Utilities Commission requirements for accurately recording and reporting energy usage for billing
purposes, it may negate the need for a second meter.
The EV Project and this study illustrate that charging behavior can be modified with the proper
incentive. However, as reported in Reference [22], these changes can cause new issues in energy peaks
for the electric utility. It may be possible with further work on rate design by the electric utility to
incentivize charging at any time the utility desires.


5HIHUHQFHV

15. “How do PEV owners respond to time-of-use rates while charging EV Project vehicles?”
http://avt.inl.gov/pdf/EVProj/125348-714937.pev-driver.pdf.
16. “Final Evaluation for San Diego Gas & Electric’s Plug-in Electric Vehicle TOU Pricing and
Technology Study,” Nexant, 2/20/2014,
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18. “EV Rates,” http://www.sdge.com/clean-energy/ev-rates.
19. “EV Project Quarterly Report,” http://avt.inl.gov/pdf/EVProj/EVProjectInfrastructureQ22013.pdf.
20. Study, op. cit.
21. “Vehicle-Grid Integration Use Cases and Regulatory Issues,”
http://www.energy.ca.gov/research/notices/2014-11-19_workshop/presentations/CPUC_VehicleGrid_Integration_CEC_Workshop_2014-11-19.pdf.
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22. ”What Residential Clustering Effects have been Experienced in the San Diego Region?”
http://avt.inl.gov/pdf/EVProj.


6DQ'LHJR*DVDQG(OHFWULF6WXG\*UDSKLFV

Figure 11-48. SDG&E summer rate schedules.

 :KHQ(93URMHFW3DUWLFLSDQWV3URJUDP7KHLU3OXJ,Q(OHFWULF9HKLFOH
&KDUJH'R7KH\3URJUDP7KHLU9HKLFOH7KHLU(96(8QLWRU%RWK"

,QWURGXFWLRQIn certain regions of The EV Project, electric utilities provide a rate
structure that charges higher rates during their peak usage times and lower rates during the off-peak usage
times compared to their basic or standard rate.
These TOU rates are established to provide incentives to their customers to shift their high electrical
usage to the off-peak times. The charging behavior of The EV Project participants in these regions shows
this incentive to be very effective. The Blink EVSE unit provided to residential participants is
programmable, as are the participating vehicles (i.e., the Chevrolet Volt and Nissan Leaf). The question is
which one do participants prefer to program for their charging needs?

:K\LV7KLV,PSRUWDQW"Introduction of large-scale production of PEVs led to entry of
many EVSE providers into the market. Some have selected to provide basic units, which provide power to
the vehicle with no services other than the required safety features. Others provide smart units, such as the
Blink units deployed in The EV Project, which contain many extra features, including the ability to
program the charge start and stop times. Knowing which type of unit the customer prefers is important for
car manufacturers and EVSE suppliers in deciding which features to provide with their products.

0HDVXULQJ9HKLFOHRU(OHFWULF9HKLFOH6XSSO\(TXLSPHQW8QLW3URJUDPPLQJ
Among the many smart features of the Blink EVSE unit is its ability to provide event and charge
information through the Blink Network, including the following:
x

Plug-event start and stop: indicate that the charge connector is inserted or removed from the vehicle
charge port.
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x

Charge event start and stop: indicate the contactor in the EVSE unit has closed or opened. A closed
contactor means the EVSE is ready to charge the vehicle.

x

Power event start and stop: indicate that charge current is flowing or has stopped flowing to the
vehicle.

Once the EVSE unit is connected to the PEV and the contactor has closed, the charge is largely
controlled by the PEV. While the EVSE unit signals the PEV its maximum current output capabilities, it
is the PEV’s onboard charger and battery management system that monitors the onboard battery to
determine the best way to conduct the recharge. It draws the amount of charge current necessary to
provide this control. If the vehicle is programmed to schedule charge start and/or stop times, it determines
when the battery will accept the charge. Both the vehicle and the EVSE unit must be set to charge before
energy will flow to the vehicle.
Using the three types of EVSE events and knowledge of the battery management system control, the
following four possible scenarios are identified in the EVSE event data (Figure 11-49). Number 1 starts at
the top and it continues to number 4 at the bottom of the figure.

Figure 11-49. EVSE event sequence.
1. No Program: When the plug, charge and power events happen at nearly the same time, it indicates
that the connector has been plugged into the vehicle, the contactor has closed, and the charge has
begun. No time delay would indicate that there is no program controlling the start of the charge.
2. Vehicle Programmed: The gap between the charge event and the power event indicates that the EVSE
unit is ready to charge the vehicle, but the vehicle has not yet begun drawing power.
3. EVSE Unit Programmed: The gap between the plug and charge event followed immediately by the
power event indicates that the connector has been inserted into the vehicle, but the EVSE unit is not
allowing the charge to commence until later. Once the EVSE unit timer allows the charge, the
contactor closes and the power flows.
4. Both Programmed: As in No. 3 above, the EVSE unit timer is active. However, because the power did
not flow immediately upon the EVSE unit contactor closing, the vehicle is not allowing the charge.
Thus both the PEV and EVSE have been programmed by the participant.
EV Project participants have charged their vehicles according to each of these scenarios. Table 11-23
provides the proportion of plug-in events performed in each scenario. Results shown in Table 11-23
describe plug-in events that were performed in each EV Project region over the entire project to date.
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Table 11-23. Percent of plug-in events by each EV Project region.
Percent of Plug-in Events
Territory Name
Not Scheduled
Vehicle Scheduled EVSE Scheduled
Atlanta
72%
10%
17%
Chattanooga
83%
11%
5%
Chicago
86%
8%
5%
Dallas/FW
95%
3%
2%
Washington D.C.
87%
7%
6%
Houston
93%
6%
1%
Knoxville
78%
16%
5%
Los Angeles
62%
18%
19%
Memphis
85%
11%
4%
Nashville
89%
5%
5%
Oregon
75%
17%
7%
Philadelphia
92%
4%
4%
Phoenix
66%
17%
16%
San Diego
38%
34%
25%
San Francisco
43%
31%
23%
Tucson
61%
24%
12%
Washington State
82%
12%
5%
Overall
63%
21%
15%

Both Scheduled
1%
0%
1%
0%
0%
0%
1%
1%
0%
0%
1%
0%
1%
3%
3%
2%
1%
2%


8WLOLWLHVZLWK7LPHRI8VH5DWHVLQ7KH(93URMHFWSeveral electric utilities in The
EV Project provide TOU rates for residential customers and some provide special EV rates for PEV
owners. Among the larger utilities providing these special rates in The EV Project regions are APS
(Phoenix region), Georgia Power (Atlanta region), Los Angeles Department of Water and Power, (Los
Angeles region), PG&E (San Francisco region), PGE (Portland region), Salt River Project (Phoenix
region), SDG&E (San Diego region), Southern California Edison (Los Angeles region) and Tucson
Electric Power (Tucson region). These special rates provide an incentive for residential customers to
charge their PEV during the off-peak times. Thus, there is a motivation for PEV drivers to program when
their vehicles will start charging. The ability to program the PEV or EVSE is a convenience that enables
the EV driver to plug-in when arriving home rather than having to plug-in after the start of the TOU rate
period. Some TOU rates commence at midnight.
Even though special rates may apply in a region, the PEV driver may certainly determine when they
will charge their vehicle, regardless of the rate.
The behavior of The EV Project participants in two of these utility service territories was examined.
The electric utilities were PGE and PG&E, which provide basic or standard whole-house rates and TOU
rates. PG&E also provides an EV rate.
Residential EVSE usage data from 1,097 EV Project participants in these areas was analyzed to
determine the percentage of participants who had and had not scheduled home charging in the last
6 months of 2012. Those who scheduled charging were broken into groups, based on whether they
program their vehicle, EVSE, or both. Figure 11-50 shows the results.
Three quarters of participants have scheduled charging, either by programming only their vehicle,
only their EVSE, or programming both.
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Figure 11-50. Preference for charge schedule programming.

3URJUDPPLQJ6XUYH\EV Project participants in the PGE and PG&E service territories
were requested to respond to a survey on this topic. There were 347 responses. The participant identified
their current electric rate (see Figure 11-51).

Figure 11-51. Electric rates self-identified by respondent.
The high percentage of responses indicating they had the basic rate may be because the PEV driver
either needs to charge at a time during the day (peak period) or may be unaware of the special rates. The
“other” rate was selected by those with a rate for home solar photovoltaic units or by those who were in
process of changing rate plans.
Another survey question asked if participants have scheduled charging and, if so, by using the
vehicle, EVSE, or both user interfaces. Figure 11-52 summarizes the responses to this question.
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Figure 11-52. Programming medium.
Note that the percentages in Figure 11-52 are similar to the charge scheduling behavior demonstrated
by EVSE event data shown in Figure 11-50. Results do not match exactly because not all participants
responded to the survey.
The survey also asked those who programmed either or both, how difficult they found the process.
Figures 11-53 and 11-54 show the responses.

Figure 11-53. Ease of programming EVSE unit.
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Figure 11-54. Ease of programming PEV.

6XUYH\5HVSRQGHQW&RPPHQWVAs shown in Figures 11-53 and 11-54, most
participants found it relatively easy to program either the EVSE unit or the PEV. Some general comments
reflected that some EVSE units had programming issues early in The EV Project, which caused the
participant to program the PEV instead. However, all thought these issues were resolved.
Survey respondents commented on some technical aspects of charge schedule programming, which
may confuse some users.
Respondents noted that there are potential conflicts if both the EVSE unit and PEV are programmed.
If the PEV’s programmed start time is before the EVSE’s programmed start, the charge will not start until
the EVSE unit programmed start is reached. Vehicle owners who have disconnected their vehicle before
the programmed start time of the EVSE were disappointed when they found no charge had occurred.
If the vehicle is programmed to start charging at night and the PEV driver elects to charge at a
publicly accessible EVSE unit during the day, the PEV programming must be overridden.
The programming on one of the PEVs is such that a charge will not initiate if the PEV is connected
after the programmed start time unless overridden. For example, if the vehicle is programmed to start a
charge at midnight and the connect event occurs at 12:05, the charge will not commence.
It has also been reported that if the vehicle is programmed to start before the EVSE unit, the vehicle
can command commencement of the charge, but stops it if no current flows. The vehicle will then not
charge when the EVSE unit program actually closes the contactor. Some responders noted that they
would like the EVSE unit to make charging decisions based on the PEV battery’s SOC. Vehicles do not
yet make that information available to the EVSE.
Participants noted that once programming is completed, it is very convenient to connect upon arriving
home and letting the program control the charge. Also, most felt the TOU rate (or EV rate) helped them
save money.

&RQFOXVLRQMost EV Project participants in the PGE and PG&E service territories
program their PEV and/or EVSE unit to schedule charging at home. About half the participants prefer to
program only their vehicle. One quarter prefer to program only their EVSE. Over two-thirds of survey
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respondents in the PGE and PG&E service territories have selected TOU rates (either whole-house or EV
rate plans), which provide an incentive for them to schedule their home charging times during off-peak
hours. Whether they program the PEV or the EVSE unit appears to be a matter of consumer choice, which
is not difficult to do in either case. It is understandable why participants in areas without the TOU rate do
not program either (although some do anyway). Of survey respondents, 28% are on a basic rate plan,
despite the fact that their electric utility offers TOU rates.

 :KDW5HVLGHQWLDO&OXVWHULQJ(IIHFWVKDYHEHHQ([SHULHQFHGLQWKH6DQ
'LHJR5HJLRQ"

$XWKRUV1RWHThe beginning of this lessons learned is similar to the beginning of the
lessons learned in Section 11.2.7. It is repeated here in order to provide a background on clustering.

,QWURGXFWLRQThe power required to recharge a PEV can be a significant contributor to
the electrical load a residence places on the electric grid and, specifically, on the local residential power
transformer providing energy to several nearby homes. What insight can EV Project data analysis provide
relating to the magnitude of this impact on local transformers? Another EV Project [23] report analyzed
the San Francisco region, while this report focuses on the San Diego region.

.H\&RQFOXVLRQVDuring a 3-month period in 2013, a review of residential charging in
the San Diego region showed the following:
x

The San Diego region contains several examples of residential neighbors charging PEVs
simultaneously.

x

Two neighbors simultaneously charging PEVs have shown a power demand nine times that of the
typical San Diego residential power demand.

x

Two neighbors charging their PEVs at super-off peak times can increase energy consumption by
nearly five times of those without PEVs.

x

Charging PEVs at other times of the day, in addition to typical super off-peak times, can nearly
double the daily energy demand by two neighbors.

x

Currently, the utility impact of residential PEV charging is low because overall PEV adoption is still
in its infancy. However, some transformer replacements have already been linked to cluster PEV
charging.


:K\LV7KLV7RSLF,PSRUWDQW"A question frequently asked relating to the adoption of
PEVs is “What is the impact of PEV charging on the electrical grid?” This question can be directed at the
big picture of total utility system load, but the focus here is on the impact to the local electrical
distribution system and, in particular, the local residential electrical transformer. Higher than originally
anticipated loads on this transformer can lead to damage, local power outages, and higher costs to the
electric utility for replacement equipment.

5HVLGHQWLDO3RZHU'LVWULEXWLRQElectric utility and power distribution companies
work with local planners to design and deliver electrical power to residential neighborhoods. The final
step in this delivery is a power feed from the local residential transformer (which may feed the residence
using underground [see Figure 11-55] or overhead conductors) to the individual homes. Typically, more
than one home is supplied by the same transformer. The transformer steps down the distribution voltage,
which may range from 6 to 15 kV depending on the electric utility, to the standard North American
240-volt service. Transformer size can vary, depending on the number and size of homes served by the
transformer. The number of homes served is determined by the electric utility, but could vary from one to
as many as 15 homes.
During the design process, the anticipated residential power usage determines the capacity of the
service supply and the combination of all residences served by that transformer determines its design
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requirements. The transformer’s design also considers the peak power that will be concurrently demanded
by all residences connected to the transformer and the resulting heating that will be experienced by that
transformer. Because extended periods of high temperature reduce the life of the transformer, the utility
design process attempts to minimize overheating of the transformer by matching its power rating to the
anticipated residential demand.

Figure 11-55. Pad-mounted residential distribution transformer [24].
When a homeowner adds a significant new load to the home (e.g., a swimming pool, hot tub, or
PEV), the permitting process typically requires a new load calculation to determine whether the electric
service to the home is sufficient to safely add this new load. Unless the supply is found to be insufficient,
the local electric utility may not be informed of the increased load on the transformer. In most cases, the
additional circuit required for EVSE does not exceed the capability of a residential electric service.

7\SLFDO5HVLGHQWLDO/RDGVSDG&E publishes the dynamic loads for residential
service. Figure 11-56 shows a typical residential hourly load profile for June through August 2014 [25].
The minimum, median, and maximum loads during this time are shown.
The Blink EVSE provided to EV Project participants is capable of delivering up to 7.2 kW of power
to a connected PEV. While most PEVs participating in The EV Project only accepted up to 3.3 kW,
model year 2013 and newer Nissan Leafs and some other vehicle models accept energy near the EVSE’s
7.2-kW rating. (The Tesla Model S offers an onboard dual charger capable of charging at 20 kW [26].) As
such, it is possible that adding PEV charging to a San Diego residence could significantly increase
residential demand. Where the median power demand is 1.02 kW at 8 p.m. according to Figure 11-56,
charging the PEV at that time could raise that power demand to 8.2 kW, which is seven times the original
load.

7LPHRI8VH5DWHVMany electric utilities seek to shift peak loads to times of lower
demand through TOU rates. For owners of PEVs, SDG&E offers two TOU plans: EV-TOU, which
requires a separate electric meter to monitor the PEV charging circuit and EV-TOU-2, which uses a single
meter serving the whole house, including the charger. During the summer months (May to October), the
rate charged for the energy used is determined by the time of day (shown in Figure 11-57).
SDG&E sets rates based on on-peak, off-peak, and super off-peak as shown in Figure 11-57.The price
charged for power is lower for the off-peak times than for the on-peak times, incentivizing the residential
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customer to shift loads to off peak times. Super off-peak further incentivizes PEV owners to program the
charge of their PEV between midnight and 5 a.m. For convenience, the Blink EVSE and many PEVs
provide programming capabilities to schedule the start of a charge. EV Project participant use of these
programming features is the subject of a previously published report [28]. How PEV owners respond to
these TOU rates is also the subject of a separate study [29].

Figure 11-56. Dynamic residential load profile June/August 2014.

Figure 11-57. SDG&E residential peak schedule [27].
The EV Project began collecting residential charging data in 2011, providing sufficient time for
participating PEV drivers to settle into habits of charging. Whether San Diego PEV drivers take
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advantage of TOU rates or not, this residential charging data can inform electric utilities of the potential
impact on the transformer.

:KDWLV0HDQWE\³&OXVWHULQJ´"Automotive manufacturers understand that one
promoter of vehicle sales is the visibility of a new car in a neighbor’s driveway. Neighbors are often
curious and interested in the new vehicle, especially if it is a new technology vehicle such as a PEV.
When several PEVs show up in the same neighborhood, where those residences are powered from the
same electrical transformer, “clustering” occurs. This is a cause for concern to the local electrical utility
because of the significant increase in power supplied by the transformer. While the transformer typically
can accept the power demand increase from one PEV, multiple PEVs charging simultaneously may cause
damage to the transformer, resulting in a service outage and the need to replace the transformer. Damage
caused by overloading the transformer may occur in the short term for significant overloads or in the
longer term by depriving the transformer of its normal cool-down period, typically occurring in the early
morning hours.
The effects on a single transformer can also affect other residential feeders emanating from the
distribution substation. Distress on a residential transformer may affect the power quality on the feeder
side of the transformer.

&OXVWHULQJLQ7KH(93URMHFWAt the end of December 2013, 993 residential EVSE
were installed in the San Diego region as part of The EV Project. Locations of these EVSE are shown in
Figure 11-58.

Figure 11-58. EV Project residential locations.
A detailed examination of these locations identified several sites where neighbors charged PEVs.
Four of these sites are presented in the following sections.
11-79

&OXVWHU6LWH²The first site for evaluation is shown in Figure 11-59. The street and other physical
features are redacted for privacy considerations. Three residences are identified as PEV owners in The EV
Project, with Houses 1 and 2 being neighbors. The third house is separated from the first two and is likely
not on the same residential transformer. A review of the Blink charge data indicate that a Chevrolet Volt
is charged in one home and a Nissan Leaf in the other. In both homes, the start of the evening charge is
programmed, but one starts at midnight and the other at 1 a.m.; however, additional charge times might
occur during the day.
Staggering of charge times has been seen in many EV Project sites as PEV owners, whether
intentionally or unintentionally, attempt to either reduce peak loads or desire to ensure their start time
occurs fully within the super off-peak time.
Both homes charge near the 3.3-kW rating. The PEV charging profile for these residences for a few
days in August 2013 is shown in Figure 11-60.
Even though the charge start times are staggered, a peak at twice the power of a single unit is seen
because both are charging at 1 a.m. Assuming the median load profile of Figure 11-56 for both houses,
the cumulative load profile for these two houses at this time would be as shown in Figure 11-61.
Energy used by the houses from midnight to 3 a.m. without considering PEVs is 3.4 kWh. With the
PEVs added, the energy for the same period is 18.4 kWh, which is over a four-fold increase. As shown in
Figure 11-61, this increase also occurs during the typical period of expected transformer cool down.

Figure 11-59. Cluster Site 1 location [30].
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Figure 11-60. PEV charging profile for Cluster Site 1.

Figure 11-61. Hourly load profile for Cluster Site 1.
Charging usage superimposed on the typical residential load profile of Figure 11-56 is shown in
Figure 11-62. The effects of using minimum, median, or maximum load curves are lost in the magnitude
of this increase.
&OXVWHU6LWH²Cluster Site 2, with Nissan Leafs at two neighboring homes, is shown in Figure 11-63.
Charging of these Leafs is similar to Cluster Site 1 in that the home owners stagger their start times in the
super off-peak times. This site was selected to illustrate the effects of additional daytime charging.
Both homes charge at approximately 3.3 kW. The charge profile, including the median household
demand, is shown in Figure 11-64.
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Figure 11-62. SDGE load profile with Cluster Site 1.

Figure 11-63. Cluster Site 2 location.
Without PEV charging, the total energy delivered to the neighbors on July 24, 2013, would have been
35.1 kWh. With PEV charging, it was 62.6 kWh, nearly double the energy. Because this charging
behavior depends on the PEV owners’ use of their PEVs, this increased load on the transformer could
occur at any time, including both neighbors charging at night and during the day.
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Figure 11-64. Hourly load profile for Cluster Site 2.
&OXVWHU6LWH²The next site for evaluation is shown in Figure 11-65. A review of the Blink charge data
indicates that in both homes, the start of the evening charge is programmed at midnight (i.e., at the
beginning of the SDG&E super off-peak period), although additional charge times might occur during the
day.

Figure 11-65. Cluster Site 3 location [29].
Data indicate one residence charging a Leaf at 6.6 kW, while the other charges a Volt at 3.3 kW. The
PEV charging profile for these residences, including the median load profile, for a few days in July 2013
is shown in Figure 11-66. The peak power demand is 11.2 kW. This is nine times the peak of the
household power alone.

11-83

Energy used by the houses from midnight to 4 a.m. without charging PEVs is 4.4 kWh. With the
PEVs added, the energy for the same period is 25.2 kWh, which is over five times the non-PEV energy.
Again, this increase also occurs during the typical period of expected transformer cool down.

Figure 11-66. PEV charging profile for Cluster Site 3.
&OXVWHU6LWH²The final site for evaluation is shown in Figure 11-67. Data from all three houses show
typical programmed start times of midnight daily for Leaf vehicles, although some days were missed and
some charging occurred at other times as well.

Figure 11-67. Cluster Site 4 location.
The charging profile for the PEVs located in these homes for a few days in July 2013 is shown in
Figure 11-68.
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Figure 11-68. PEV charging profile for Cluster Site 4.
The Blink charge data for all three vehicles show a maximum charging power of 3.7 kW each.
This cluster illustrates the varied nature of individual charging. There were times that all three PEVs
were recharging, times that two were charging simultaneously, and times of isolated charging during peak
times.
As expected, the effects of three households in the cluster magnify the impacts on the transformer.
The total energy increase through the transformer for the 4 days of July was 132 kWh, which is an
increase of 62%. The higher peak power demand (i.e., 13 kW) compared to the normal three households
at midnight (i.e., 1.9kW) and lack of cool down periods due to coincident and non-coincident charge
events, significantly changes the operation of the neighborhood transformer.
 +LJKHU3RZHU&KDUJLQJCluster Site 3 included a PEV capable of 6.6-kW charging. If
the three home owners in Cluster Site 4 also had vehicles of 6.6-kW charge capability, the use of each
vehicle was the same, and the same charging energy was required, the new combined household load
would be as shown in Figure 11-69.

Figure 11-69. Hourly load profile for Cluster Site 3 with 6.6-kW charging.
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This creates vastly higher peaks of shorter duration. The same energy requirement exists as in Cluster
Site 3, but the peak power demand of 21.6 kW is 11.5 times the typical three residential households
demand and remains at high power for at least 2 hours.
 8WLOLW\([SHULHQFHThe mild climate of San Diego leads to relatively small typical
household loads, allowing smaller capacity neighborhood transformers or many houses being fed by the
same transformer. While the transformer may be large relative to an individual house load (and thus, able
to withstand the transient charging loads from a single PEV), the many households served creates the
potential for much larger clusters as PEV adoption grows.
SDG&E was informed of residential EVSE installations during the permitting process. At this
writing, the utility has, in fact, replaced a few transformers linked to cluster effects. While SDG&E is
monitoring and testing some neighborhood transformers where PEV charging occurs, the low impact
experienced thus far from the relatively small population of PEV owners has led to a reactive strategy (i.e.
replacing the transformer should a problem arise). Special situations (e.g., when Tesla home charging
occurs) require proactive analysis of the local transformer. However, utilities are actively monitoring the
growth of PEV adoption, understanding that it can have major effects on their power distribution.
 &RQFOXVLRQVThese EV Project data demonstrated the loads observed on residential
transformers and confirm clustering of PEV charging has occurred among EV Project participants. At this
writing, the adoption of PEVs is still in its infancy, with more PEVs sold beyond those sold to the
participants within the project regions, increasing the possibility of clustering in many areas. The effects
of clustering on neighborhood transformers using EV Project charging data include higher peaks, longer
operation at higher power, and periods of high power demand during times when residential transformers
are traditionally expected to have only low loads. The true impact of these loads varies greatly from utility
to utility, depending on factors such as the age of the transformers used in each territory and the design
considerations that were in place at the time they were installed.
These effects may be heightened by factors such as TOU electricity rates that influence PEV drivers
to choose common charging times. The electric utility rate structures for TOUs can contribute to the
impact on the local transformer by creating a new peak in demand at the beginning of the off-peak period.
The PEV market is growing. As adopters demand greater vehicle range and shorter charge times, the
vehicle battery capacity is likely to increase, along with the capability for higher charging power.
Doubling the recharge power from 3.3 to 6.6 kW has already occurred, with a multiplying effect on
residential distribution transformer impacts.
Clustering effects may result in service outages and the need to upgrade transformers. Damage to the
transformer may be caused by exceeding the transformer’s load rating or by depriving it of its normal
cool-down period. Electric utilities will need to be involved with PEV adoption, both for the overall
system load profile and for impacts to the local neighborhood distribution transformer. Understanding the
likelihood and effects of clustering will help electric utilities prepare for widespread PEV adoption.
 5HIHUHQFHV
23. “What Clustering Effects Have Been Seen by The EV Project,” August 2013,
http://avt.inl.gov/pdf/EVProj/126876-663065.clustering.pdf, accessed January 9, 2015.
24. Distribution Systems: Distribution Transformers Occupational Safety & Health Administration,
https://www.osha.gov/SLTC/etools/electric_power/illustrated_glossary/distribution_system/distributi
on_transformers.html, accessed July 30, 2013.
25. http://www.sdge.com/customer-choice/customer-choice/dynamic-load-profiles, accessed January 9,
2015.
26. http://www.teslamotors.com/charging/#/basics accessed February 4, 2015.
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 :KDW5HVLGHQWLDO&OXVWHULQJ(IIHFWVKDYHEHHQ6HHQLQ7KH(93URMHFW
DQG6SHFLILFDOO\LQWKH3DFLILF*DVDQG(OHFWULF6HUYLFH7HUULWRU\"

,QWURGXFWLRQThe power required to recharge a PEV can be a significant electrical load
for the house on the electric grid and, specifically, on the local residential power transformer providing
energy to several homes. What insight can The EV Project data analysis provide relating to the magnitude
of this impact on the local transformer?

.H\&RQFOXVLRQVThe effects of clustering on the neighborhood transformers using EV
Project charging data include the following:
x

Higher peaks

x

Longer operation at higher power

x

Periods of high power demand during times when residential transformers are traditionally expected
to have only low loads

x

The electric utility rate structures for TOU might be contributing to the impact to the local
transformer by creating a new peak in demand at the beginning of the off-peak period

x

Clustering effects may result in service outages and the need to upgrade transformers

x

Damage to the transformer may be caused by exceeding the transformer’s load rating or by depriving
it of its normal cool-down period

x

Electric utilities will need to be involved with PEV adoption, both for the overall system load profile
and for impacts to the local neighborhood distribution transformer.


:K\LVWKLVLPSRUWDQW"A question frequently asked relating to the adoption of PEVs is
“What is the impact of PEV charging on the electrical grid?” This question can be directed at the big
picture of total utility system load, but the focus here is on the impact to the local electrical distribution
system and, in particular, the local residential electrical transformer. Higher than originally anticipated
loads on this transformer could lead to damage, local power outages, and higher costs to the electric
utility for replacement equipment.

5HVLGHQWLDO3RZHU'LVWULEXWLRQElectric utility and power distribution companies
work with local planners to design and deliver electrical power to the residential neighborhoods. The final
step in this delivery is from the local residential transformer to the individual homes. Frequently, more
than one home is supplied by the same transformer (Figure 11-70). ZTHE transformer (shown in beige in
Figure 11-70 and also shown in Figure 11-71) provides electrical energy to the individual residential
service entrance. The supplied voltage is typically 240 volts AC, from which the residence can power its
240 and 120-volt loads.
In the design process, the anticipated residential power usage determines the capacity of the service
supply, and the combination of all residences served by that transformer determines its design
requirements. Appropriate standards and regulations apply in providing safety and operational margins in
these calculations. The transformer design also considers the peak power that will be demanded by all
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residences at one time and heating effects that will be experienced on that transformer. An assumption is
made for the amount of time available to allow the transformer to cool down between these peak loads.

Figure 11-70. Residential distribution transformer schematic.

Figure 11-71. Pad-mounted residential distribution transformer [31].
When a homeowner desires to add significant load in his or her home (such as adding a swimming
pool, welder, or PEV), the permitting process typically requires new load calculations to determine
whether the residences service supply is sufficient to safely add this new load. Unless the supply is found
to be insufficient, the local electric utility may not be informed of the new load on the transformer. In
many cases, the addition of the EVSE for charging the PEV may not exceed the service supply design of
the single residence; therefore, the electric utility may not know of the charge.

7\SLFDO5HVLGHQWLDO/RDGVA typical residence in the PG&E service territory may
reach a maximum electrical power demand of approximately 2.5 kW during a given year. Figure 11-72
shows a typical residential hourly load profile for 2012 [32]. The E-7 profile includes the PG&E
residential TOU Schedule E-6 rates and experimental EV TOU Schedule E-9 rates. (Note: the source files
show an apparent error for the 3 a.m. time period of a zero value on March 3, 2012.)
The Blink EVSE provided to The EV Project participants was capable of delivering up to 7.2 kW
power to a connected PEV. While most PEVs currently on the market accept up to 3.6 kW, model year
2013 Nissan Leafs and other vehicle models will accept energy near the EVSE’s 7.2-kW rating. As such,
it is possible that adding PEV charging could significantly increase residential demand. Where the median
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power demand is 1.5 kW at 7 p.m. according to Figure 11-72, charging the PEV at that time could raise
that power demand to 8.7 kW, which is nearly 6 times the original load. If PEV charging occurs at the
time of greatest demand, the total residential demand could reach 9.7 kW.

Figure 11-72. PG&E hourly residential load profile.

7LPHRI8VH5DWHVSome electric utilities seek to shift peak loads to times of lower
demand through TOU rates. These rates generally classify times of the day as on-peak and off-peak and,
in some cases, a shoulder, partial-peak, or mid-peak.
PG&E defines summer weekday times on Electric Schedule E-9 as follows:
x

On-peak: 2 to 9 p.m.

x

Partial-peak: 7 a.m. to 2 p.m. and 9 p.m. to 12 a.m.

x

Off-peak: All other times [33].

The price charged for power is typically lower for the off- peak times than for the on-peak times, in
order to incentivize the residential customer to shift loads to off-peak times. While it may not be possible
to shift all loads (such as air conditioning), it is possible to shift power to operate swimming pool pumps,
clothes dryers, and so on, to these off-peak times. The same is true for PEV charging. For convenience,
the Blink EVSE and many PEVs provide programming capabilities to schedule the start of a charge.
Many EV Project participants use these tools to schedule the start of charge after the start of the utility
off-peak time. EV Project participant use of these programming features is the subject of another report
[34]. How PEV owners respond to these TOU rates is the subject of a separate study [35].
The EV Project has been collecting residential charging data since 2011, which is long enough for the
participating PEV drivers to settle into habits of charging, regardless of motivations. Whether these PEV
drivers take advantage of TOU rates or not, this residential charging data can inform electric utilities of
the potential impact on the transformer.

:KDWLV0HDQWE\³&OXVWHULQJ´"Automotive manufacturers understand that one
promoter of vehicle sales is the visibility of a new car in a neighbor’s driveway. Neighbors are often
curious and interested in the new vehicle, especially if it is a new type of vehicle, such as a PEV. When
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several PEVs show up in the same neighborhood and where those residences are powered from the same
electrical transformer, “clustering” occurs. This is a cause for concern to the local electrical utility. While
the transformer may be able to accept the power demand increase from one PEV, multiple PEVs charging
may cause damage to the transformer, resulting in a service outage and the need to upgrade that
transformer. This damage may be caused by overloading the rating of the transformer or by depriving the
transformer of its normal cool-down period, typically found in the early morning hours.
The effects on a single transformer can also affect the rest of the residential feeders from the
distribution substation. Distress on a residential transformer may affect the power quality on the feeder
side of the transformer. Distribution feeders are generally designed either in a radial pattern away from
the substation or in an interconnected method where multiple connections may be made to other feeders
[36]. In the former radial design, the closer this clustered transformer is to that substation, the greater the
effects on those residential transformers farther away because power quality is diminished.

&OXVWHULQJLQ7KH(93URMHFWTypically, residences are located within 100 ft of the
local neighborhood transformer. To see whether there might be cases of clustering in The EV Project, the
locations of The EV Project participants in the San Francisco region were plotted. Then 100-ft radius
circles or “buffers” were drawn around each location. Areas where these buffers intersect are locations
where homes may be serviced by the same neighborhood transformer.
Figure 11-73 shows a section of the San Francisco Bay Area where two or more of these 100-ft
buffers intersect. Note that not all EV Project participant locations in this part of the Bay area are shown;
only those where there are intersecting buffers. Twenty-one of these locations are shown in this section of
the Bay Area alone.
Three sites of two or more intersecting buffers in the Bay Area were selected for evaluation.
&OXVWHU6LWH²The first site for evaluation is shown in Figure 11-74. The street and other physical
features are redacted for privacy considerations. The two residences shown within the 100-ft buffer zones
are neighbors. The homes are located within the PG&E service territory. A review of the Blink charge
data indicate that in both homes the start of the evening charge is programmed after midnight (after the
beginning of the PG&E off-peak period), although additional charge times might occur during the day.
The PEV charging profile for these residences for the first few days of April 2013 is shown in
Figure 11-75.
The Blink charge data show that both PEVs are capable of accepting up to 3.6-kW power. Assuming
the median load profile of Figure 11-72 for both houses, the cumulative load profile for these two houses
for April 2 through 4, 2013, would be as shown in Figure11-76.
Charging PEVs requires the neighborhood transformer to provide almost four times the amount of
energy through 4 a.m. than would be provided for the houses without charging taking place.
&OXVWHU6LWH²The second site for evaluation is shown in Figure 11-77. The two residences are shown
with intersecting 100-ft buffer zones. The homes are located within the PG&E service territory.
According to Blink charge data, the charge for the PEV in House 1 is programmed to start during the
off-peak time at 1 a.m. For the month of June, charging was conducted at no other time of day at this
house. The charge for the PEV in House 2 is also programmed to start during the off-peak time at
midnight, although this program has been overridden with additional charge times when connecting at
night or during the day.
The PEV charging profile for the PEVs located in these homes for the first few days of June 2013 is
shown in Figure 11-78.
As before, the charge data show both vehicles can accept up to 3.6 kW charge power. Assuming the
median load profile of Figure 11-72 for both houses, the cumulative load profile for these two houses for
June 2 through 5, 2013, would be as shown in Figure 11-79.
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Figure 11-73. Residential EVSE clusters in the Bay Area.
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Figure 11-74. Cluster Site 1 location.

Figure 11-75. PEV charging profile for Cluster Site 1.
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Figure 11-76. Hourly load profile for Cluster Site 1 April 2 through 4, 2013.

Figure 11-77. Cluster Site 2 location.
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Figure 11-78. PEV charging profile for Cluster Site 2.

Figure 11-79. Hourly load profile for Cluster Site 2 June 2 through 5, 2013.
The PEV charging in these two homes shows three separate effects on the local transformer. First, the
peak caused by simultaneous charging is shown for the early morning hours on June 3. Next, the early
morning of June 4 shows the sequential charging peaks during the time when electric utilities anticipate
lowest residential demand. Thus, the anticipated overnight cool-down time for the transformer is
eliminated. Finally, other morning charging in House 2, as shown on June 2 and June 5, adds peaks in the
daytime that also can affect transformer cool-down during other typically lower demand times.
&OXVWHU6LWH²The third site for evaluation is shown in Figure 11-80. The three houses in the
intersecting circles are neighboring houses on the same street. All are located in PG&E service territory.
The charging of the PEV in House 1 showed regular programmed start times of 12:05 a.m. daily, but also
frequent charging at other times. The charging of the PEV in House 2 showed regular programmed start
times of 12:10 a.m. daily and had some charges at other times. Charging of the PEV in House 3 did not
appear to be based on a schedule, but commenced at PEV plug-in.
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Figure 11-80. Cluster Site 3 location.
The charging profile for the PEVs located in these homes for the first few days of June 2013 is shown
in Figure 11-81.

Figure 11-81. PEV Charging Profile for Cluster Site 3.
The Blink charge data for all three vehicles show a maximum charge acceptance of 3.6 kW each. It is
noted that during the above days, the PEV in House 2 accepted less than 3.6 kWh because of lower
recharge needs on these days. Later charging was observed at the 3.6-kW rate.
In this cluster, there are times that all three PEVs are recharging and times that two are charging
simultaneously, followed by the third. Other non-coincident charges also occur. Assuming the median
load profile of Figure 11-72 for all houses, the cumulative load profile for these three houses for June 2
through 4, 2013, would be as shown in Figure 11-82.
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Figure 11-82. Hourly load profile for Cluster Site 3 June 2 through 4, 2013.
As expected, the effects of three households in the cluster magnify the impact on the transformer. The
total energy increase through the transformer for the 3 days of June was 69.3 kWh, which is an increase
of 28%. The impacts of higher peak power demand (four times the normal) and lack of cool-down periods
due to coincident and non-coincident charge events could be stressing the neighborhood transformer.

+LJKHU3RZHU&KDUJLQJSuppose the three home owners in Cluster Site 3 trade in their
current Leafs for newer models that have 7.2-kW charge capability. Assuming that the use of each vehicle
is the same and the same charging energy is required, the new combined household load would be as
shown in Figure 11-83.

Figure 11-83. Hourly load profile for Cluster Site 3 with 7.2-kW charging.
This creates vastly higher peaks of shorter duration.
 2EVHUYDWLRQV
All household load curves assumed the median value for household energy usage. Usage below this
median value would reduce the impact slightly, but PEV drivers would still need to charge their vehicles
on the days when the whole-house demand is at its peak. This further exacerbates the impact on the
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transformer. These EV Project data demonstrate the possible loads on residential transformers. The true
impact of these loads varies greatly from utility to utility depending on such factors as age of the
transformers used in each territory and design considerations that were in place at the time they were
installed (in terms of their ability to handle additional loads).
 0LWLJDWLQJ6XJJHVWLRQVIt has been suggested that smart charging of the EVSE at night
can mitigate these peaks and lessen the impact on the local transformer. Smart charging includes methods
by which the electric utility can communicate and control the household smart EVSE by various means.
Assuming the PEV driver simply requires that his or her battery is charged when the PEV is needed at a
certain time of day regardless of when the charge starts and stops, the utility could determine at what time
and what power the energy is delivered to the connected vehicles. The utility would then signal the smart
EVSE to deliver the desired power and energy.
Assuming all three residences participate in such a program, Figure 11-84 shows a scenario by which
the same energy is delivered to the three PEVs in their overnight charging. It is assumed that an engaged
PEV driver would defer most charging, if possible, to the evening controlled hours. For example, House 3
could move the evening charge of June 3, 2013, to midnight. However, House 1 charge data suggests that
the mid-afternoon charge on June 2, 2013, was required because the PEV was driven again after this
charge. In this scenario, all controlled PEV overnight charging commences after midnight and is
completed before 5 a.m.

Figure 11-84. Controlled hourly profile for Cluster Site 3 with 7.2-kW charging.
The maximum peak power reached is 8.5 kW at 2 p.m. as opposed to the 17-kW actual demand at
11 p.m. shown in Figure 11-81. Because this peak occurs at a typically lower residential demand due to
theoretical load control, it is only 3.4 times the normal transformer peak for these homes, opposed to
4.5 times that peak. Further reduction in the peaks could occur if the PG&E off-peak window were
increased to start at 10 p.m. or if the PEV driver did not need the PEV until 6 a.m. A smart system could
consider these personal preferences and utility rate structures.
 &RQFOXVLRQVThe EV Project has observed clustering among project participants. More
PEVs have been sold beyond those sold to the participants within the project regions, increasing the
possibility of clustering in many areas. The effects of clustering on the neighborhood transformers using
EV Project charging data include higher peaks, longer operation at higher power, and periods of high
power demand during times whenresidential transformers are traditionally expected to have only low
loads. These effects may be heightened by factors, such as TOU electricity rates, that influence PEV
drivers to choose common charging times. The electric utility rate structures for TOU might be
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contributing to the impact to the local transformer by creating a new peak in demand at the beginning of
the off-peak period.
Clustering effects may result in service outages and the need to upgrade transformers. Damage to the
transformer may be caused by exceeding the transformer’s load rating or by depriving it of its normal
cool-down period. Electric utilities will need to be involved with PEV adoption, both for the overall
system load profile and for impacts to the local neighborhood distribution transformer. Understanding the
likelihood and effects of clustering will help electric utilities prepare for widespread PEV adoption.
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 :KDWLVWKH&RQWUROODEOH(OHFWULFDO'HPDQGIURP5HVLGHQWLDO(96(LQWKH
6DQ'LHJR5HJLRQ"

,QWURGXFWLRQThe power required to charge a PEV can be a significant electrical load for
a residence and, when all PEVs in an area are aggregated, a significant load on the electric grid.
Electric utilities seek ways to reduce their generating costs by managing the maximum (i.e., peak)
load on their system. Managing residential PEV charging activity provides an opportunity for minimizing,
or eliminating, any impact of PEV charging on peak load. This management may be achieved indirectly
through rates that incentivize PEV owners to charge their vehicles during off-peak hours or may take the
form of direct utility control of residential EVSE. What insight can EV Project data provide relating to the
magnitude of this impact and the potential controllable demand? This paper quantifies the total
controllable electrical load imposed on the electric grid by residential PEV charging in the San Diego
region of The EV Project.


.H\&RQFOXVLRQV

x

The aggregated EV Project’s residential EVSE charging demand in San Diego exceeded 100 kW
from 4 p.m.to 4 a.m. during the third quarter of 2013.

x

This aggregated demand during the third quarter of 2013 was sufficient for bidding into controllable
demand response activities in the San Diego region.

x

The positive adoption of PEVs in the San Diego region increases the probability of enlisting sufficient
PEV owners in demand response activities. However, the numbers of residential EVSE must grow by
a factor of 18 to make direct control minimally worthwhile at all hours of the day.

x

The incentive programs promoted by SDG&E, coupled with easily programmable EVSE, are highly
effective in moving residential charging to off-peak hours.
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x

For the foreseeable future, direct utility control of residential EVSE is not beneficial, whereas indirect
control through rate incentives is beneficial.


:K\LV&RQWUROODEOH'HPDQG,PSRUWDQW"The electric utility is responsible for
providing power to customers within its service territory. SDG&E is solely responsible for providing
electricity for all customers within the San Diego region of The EV Project. SDG&E publishes its
dynamic load profile, showing the power required by its customers during a specific period of time. This
profile for June through August 2014 is shown in Figure 11-85, showing the maximum, median, and
minimum power demand over the 3-month period for each hour of the day.

Figure 11-85. SDG&E hourly demand.
SDG&E must provide power generation to match the power demand, which, during this 3-month
period, varied from a minimum of 1,649 MW to 3,814 MW. Generation is provided by first operating
“base-load” generating stations. These base load power plants are generally the cheapest units to operate
and are most efficient when operating at full power. Thus, these units are typically fully loaded to provide
power all day. Once this base-load capability is fully utilized, other generating plants are brought into
service. The last plants to be utilized are “peaking” units that are more expensive to operate, but whose
output can be modulated more rapidly and used only when necessary to handle the peak loads. In some
situations, utilities may need to purchase power from other sources to fulfill peak load requirements. If the
utility can shift peak power demand to other times, the cost of operating peaking power plants and
purchasing power from other utilities during peaks can be avoided.
In anticipation of power demand increases or problems on the grid causing a reduction in power
generation, utilities typically operate “spinning reserve” generation. These are generating stations that are
fully operational and, although not loaded, are fully prepared to rapidly supply power to the grid in order
to “follow” the demand. During transitional increases or decreases in demand, these spinning reserves
may cycle on and off. If the demand can be controlled, this cycling may be avoided and the reserve unit
operated in a more stable state.
In addition to managing total power generation to match demand, the electric grid must maintain
voltage and frequency. This regulation can be achieved by controlling small amounts of generation or by
controlling small amounts of power demanded by customers on the electric grid.
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Figure 11-86 illustrates these three major situations. Controlling the demand, even in minimal
amounts, in these three areas helps the electric utility to reduce costs.

Figure 11-86. Controllable demand situations.

5HVLGHQWLDO&RQWUROODEOH'HPDQG2SWLRQVThe electric utility has several tools
available for assisting in management of its peak power requirements. For this paper, controlling demand
from residential PEV charging is of interest, including determining the effectiveness, controlling
residential EVSE demand to reduce peak power requirements, assisting in loading and unloading
generation, and providing frequency and voltage regulation.
Through use of rate incentives (such TOU), customers are encouraged to shift their power demand to
off-peak times. Figure 11-87 shows the SDG&E EV TOU-2 rate schedule for residential PEV charging.
The rates charged for electricity incentivize the residential PEV customer to charge during off-peak times,
especially during super off-peak times.
The EV Project installed Blink EVSE in the homes of each of its participants in the San Diego area.
The Blink EVSE provides an intuitive touch screen interface that allows the PEV owner to easily
schedule a window of time during which the EVSE will provide charge power, allowing the PEV owner
to schedule charging to take advantage of the SDG&E off-peak and super off-peak rates. The Blink EVSE
also allows The EV Project to collect EVSE usage data and report information derived from these data in
its quarterly reports. The report for the third quarter of 2013 for residential EVSE usage in the San Diego
region includes charging demand by time of day and is shown in Figure 11-88.
The blue curve shows the maximum electricity demand over the 3-month period for each hour of the
day; the red curve shows the minimum demand for each hour; and the black curve shows the median
demand. The peak at midnight reflects the effectiveness of the SDG&E TOU rate incentive program in
shifting the start of PEV charge to the super off-peak times. As a result, direct control of EVSE charging
during on-peak times will have little effect in shifting the utility’s overall demand, because the total peak
daytime load for EVSE is about 0.4 MW, which is insignificant compared to the total SDG&E system
demand of 3,000 MW. Rate incentives and readily programmable EVSE appear highly effective in
reducing on-peak demand of residential EVSE; therefore, this negates any need for direct utility control of
residential EVSE. Providing direct control can provide other benefits to utilities.
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Figure 11-87. SDG&E residential peak schedule.

Figure 11-88. Residential charging demand for San Diego in the third quarter of 2013.
SDG&E offers a reduce-your-use voluntary program for residential customers. After enrolling in the
program, residential customers receive notification the day before an event is identified by the utility and,
when reducing their demand between 11 a.m. and 6 p.m., they receive reward credits on their utility bill.
Incentive programs like reduce-your-use are indirect and rely on the customer to take or not take
action. In addition, they are not available for immediate actions on the day needed. For an electric utility
to authoritatively use residential customer load to mitigate peak demand, greater positive control of the
customer load is required. Control of PEV charging in near real-time provides this opportunity.

8WLOLW\&RQWURORI5HVLGHQWLDO3OXJ,Q(OHFWULF9HKLFOH&KDUJLQJTo be effective
in controlling demand, a minimum of 100 kW of controllable power is generally required. For residential
PEV charging, this requires aggregating many EVSE that are connected to vehicles where both the
vehicle and EVSE are available for charging. Because there are financial incentives for providing this
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demand control, there are frequently penalties for failing to provide adequate control. Thus, this system
will require the following:
x

EVSE capable of remote control and monitoring

x

Aggregation systems and programs

x

Sufficient numbers of EVSE providing demand for aggregation

x

Communication signals from the utility to the aggregator of service

x

Enlistment and communications methods for participating EVSE owners.

Smart EVSE that allow for monitoring, control, and communication through the internet (such as the
Blink unit deployed in The EV Project) are also capable of aggregation. Demonstrations of controllable
demand from the utility through EVSE have occurred in several forms, including those conducted by the
California Energy Commission grant ARV-09-005 involving SDG&E.
Control of charging may include starting and stopping charging (or regulating the rate of charging) or
in some cases, discharging the PEV battery through the EVSE back to the grid. The later example, called
vehicle-to-grid, requires additional PEV features and is an advanced capability that is currently being
tested; however, it is not the focus of this paper. For this consideration, only curtailment or restoration of
charging (i.e., frequently called V1G) is of interest.

5HVLGHQWLDO(OHFWULF9HKLFOH6XSSO\(TXLSPHQW&RQWUROODEOH'HPDQG
Controllable demand from EVSE requires the EVSE to be connected to and charging the PEV. Unless the
EVSE is actually charging the PEV (i.e., is not just connected), there is no demand to curtail.
The EV Project’s quarterly reports identify the time of day the residential EVSE are connected and
available for charging. Charge availability (i.e., vehicle is connected to EVSE) for San Diego in the third
quarter of 2013 is shown in Figure 11-89.

Figure 11-89. Charging availability in San Diego for the third quarter of 2013.
As might be anticipated, charging availability generally follows the typical work schedule, where
PEVs begin to depart for work at approximately 6 a.m. and gradually return home and are connected to
EVSE at the end of the work day until about midnight, when most are available for charging. However, it
does indicate that a minimum of 10% of monitored EVSE are connected at all times of the day. It is noted
that these may not be the same EVSE every day, but aggregated over the entire San Diego region, at least
10% of residential EVSE were connected at all times during the quarter.
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Figure 11-88 indicates that at least some of the connected EVSE during on-peak times are, in fact,
charging the PEV.
While one may suppose that the maximum number of EVSE connected would produce the maximum
demand, it is not necessarily the case. The most conservative scenario in estimating available controllable
demand would be using the maximum number of EVSE available and the minimum charging demand that
was observed. Figure 11-90 overlays these on the same graph to more clearly see what EVSE are
available and what the related demand is at the same time of day.

Figure 11-90. Residential EVSE availability and demand for the third quarter of 2013.
According to the third quarter 2013 report, the minimum aggregated charging demand exceeded
100 kW from midnight to 4 a.m. and again at 10 p.m. During this time, the population of EV Project
residential EVSE in that analysis presented in the San Diego region was 696. During the day, the
maximum number of EVSE connected was 521 or 75% of those EVSE reporting.
For analysis purposes, several qualifying factors were placed on the residential EVSE data in
reporting the quarterly data, which resulted in exclusion of data from some EVSE. In addition, some
EVSE, though functional, fail to report data. In the third quarter of 2013, The EV Project had installed
963 EVSE in the San Diego region. Thus, the 521 EVSE represented only 54% of the installed residential
EVSE.
The results for the first quarter 2013 are similar. In both cases, the maximum number of EVSE
connected at any time is approximately 75% of all reporting EVSE utilized in the quarterly report.
Assuming the effects of the whole population of residential EVSE is the same as those reporting, the
entire population would be expected to produce the results shown in Figure 11-91.
Therefore, with the full population of residential EVSE in The EV Project in the third quarter of 2013,
the minimum aggregated charging demand exceeded 100 kW and occurred from 4 p.m.to 4 a.m. As seen
in Figure 11-85, these are times of changing load; therefore, services related to spinning reserve and
transitional generation may be possible. In addition, regulation services may be performed. However, this
does assume all these EVSE are enrolled in an aggregation program.
Because the minimum adjusted EVSE demand is just over 5 kW at 7 a.m., the total inventory of
residential EVSE would need to be increased by a factor of 18 to produce 100-kW demand at all hours of
the day.
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Figure 11-91. Extrapolated availability and demand.
However, third party aggregators may bid specific times or SDG&E may elect to provide services
when sufficient EVSE are enrolled. SDG&E has already shown success in enlisting residential customers
to select the super off-peak rate and, with the proper incentives, could enlist a significant number of
residential PEV owners in a direct control demand reduction program.

&RQFOXVLRQVA residential customer, who purchases and installs an AC Level 2, 240-volt
EVSE, is required to obtain an electrical permit. SDG&E receives notification of this during the
permitting process and has information on the total numbers of PEV owners with 240-volt EVSE. Some
PEV drivers elect to charge their PEVs with a 120-volt EVSE for which permitting is not generally
required. In these cases, the EVSE typically will not contain the necessary control and monitoring
features to be included in a controllable demand program.
The EV Project enlisted 963 residential participants in the San Diego region by the end of 2013. The
Blink EVSE provided to these participants by The EV Project incorporate the necessary control and
monitoring functions to implement remote control of charging. The controllable demand represented by
The EV Project residential EVSE in San Diego, if fully aggregated, was capable of over 100 kW of
demand response in the third quarter of 2013. This capability was at hours of the day when demand
reduction was not a priority for SDG&E. However, these are times of changing load; therefore, services
related to spinning reserve and transitional generation may be possible.
As PEVs continue to be added to the San Diego area, the potentially controllable load from residential
charging will continue to grow and may be attractive to SDG&E or third party aggregators as a demand
reduction tool. However, EVSE installed by new PEV purchasers will require remote control capability if
aggregation is to be effective.
The incentive programs promoted by SDG&E, coupled with easily programmable EVSE, are highly
effective in moving residential charging to off-peak hours. This minimizes the need for directly
controllable demand. However, as the number of residential EVSE continues to grow, there may be
benefit to the utility having direct control. This analysis shows the population would need to grow by a
factor of 18 to make direct control minimally worthwhile at all hours of the day. For the foreseeable
future, direct utility control of residential EVSE is not beneficial, whereas indirect control through rate
incentives is beneficial.
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 (93URMHFW3XEOLF(OHFWULF9HKLFOH6XSSO\(TXLSPHQW
 +RZ'R3XEOLFO\$FFHVVLEOH&KDUJLQJ,QIUDVWUXFWXUH,QVWDOODWLRQ&RVWV
9DU\E\*HRJUDSKLF/RFDWLRQ"

,QWURGXFWLRQPublicly accessible charge stations are defined as those installed for
businesses, institutions, and municipalities to provide charging to any and all PEV drivers. Typically,
there is no prior relationship between the station owner and the station user that would prompt the
installation, whereas fleet, workplace, and residential charging stations are intended to serve a specific
vehicle or restricted population of vehicles.
Costs for installation of these units were an important part of The EV Project infrastructure study
because these costs had an impact on host participation and, consequently, on the perception of PEV
adoption.
Amongst the objectives for The EV Project was deployment of EVSE for PEV charging in
geographically diverse markets. EV Project markets were selected based on the sales and marketing plans
of PEV partners Nissan and Chevrolet. The diversity this provided enabled the project to evaluate the
geographic considerations that affected installation costs and use of the charging infrastructure.
More than 8,000 Nissan Leafs and Chevrolet Volts purchased or leased in these markets were
enrolled in The EV Project. Drivers of these vehicles agreed to allow EV Project researchers to collect
and analyze data from their use of their PEVs and home EVSE, as well as their use of public charging
infrastructure.
This section provides an analysis of the installation costs for this publicly accessible EVSE and
discusses the geographic factors that drove variations in the cost to install this charging infrastructure.


.H\&RQFOXVLRQV

x

Average installation cost per unit for all publicly accessible AC Level 2 EVSE installed in EV Project
markets was $3,108.

x

The five most expensive geographic markets had per unit installation costs over $4,000 ($4,004 to
$4,588).

x

The five least expensive geographic markets had per unit installation costs under $2,600 ($2,088 to
$2,609).

x

Similar to residential EVSE and direct current DCFC installation costs, the AC Level 2 EVSE
installed in California were the most expensive installations.


'DWD$QDO\]HGInformation analyzed for this section came from reports generated from
The EV Project database, which was populated using data from charging site hosts, project support
personnel, and the electrical contractors installing EVSE. This section also benefits from the direct
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experience of The EV Project management team, which managed deployment of publicly accessible
charging infrastructure.
Of the nearly 4,000 AC Level 2 EVSE units installed for public use, installation cost data for analysis
is available for 2,479 units (approximately 60%). Although this is a good sample size and a reasonable
representation of the total number of installations, the data available for analysis were not evenly
collected over the study markets, as shown in Table 11-23.
Table 11-23. AC Level 2 EVSE installed, cost data available, and percentage of those installed with cost
data for analysis.

Market
Atlanta
Los Angeles
San Francisco
Chicago
San Diego
Seattle
Houston
Philadelphia
Oregon
Dallas
Tennessee
Arizona
Washington DC
Total

EVSE Installed per
EV Project Status
Report August 2013
202
440
168
25
634
398
134
75
527
433
621
631
39

EVSE with Installation
Cost Data Available
141
208
110
19
361
165
52
33
437
167
130
618
38

Percentage of Installation
Data Available for
Analysis
69.8%
47.3%
65.5%
76.0%
56.9%
41.5%
38.8%
44.0%
82.9%
38.6%
20.9%
97.9%
97.4%

4,327

2,479

57.3%

(93URMHFW&RPPHUFLDO'HSOR\PHQW$SSURDFK²To interpret and fully understand installation cost
data collected from deployment of publicly accessible charging infrastructure in The EV Project, one
must understand the approach that was taken to recruit hosts for the charging infrastructure.
The objective for deployment of the “away from home” charging infrastructure in The EV Project
was to provide charging where PEV drivers were likely to park or where hosts would like to have them
park. In the first five markets of The EV Project, a local group of stakeholders participated in a detailed
planning process developed by The EV Project’s Micro-Climate process [42]. One of the deliverables of
this process was a plan for deployment of publicly accessible EVSE in the market. Local project
personnel then solicited charging site hosts in the desired geographic locations to support deployment of
this infrastructure. While the remaining markets did not implement a formal Micro-Climate process, they
benefitted directly from the lessons learned when placing EVSE in the first five markets.
The EV Project plan directed installation of publicly accessible EVSE to begin in April 2011, about
3 months after residential installations began. This infrastructure was placed in accordance with the plan
in the parking lots of retail locations, public attraction sites, public buildings, workplace environments,
and many other venues.
A typical public EVSE site included multiple charging stations, which was encouraged for the benefit
of both PEV drivers (to assure availability of EVSE) and hosts (to attract more PEV drivers as customers
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for their business). Installation of multiple EVSE at a site often times also resulted in a lower installed
cost per EVSE unit.
By the end of 2011, The EV Project installed publicly accessible Blink EVSE in the following
10 geographically diverse markets:
1. Arizona (metro Phoenix and Tucson)
2. San Diego, California
3. Oregon (Portland metro, Corvallis, Eugene, and Salem)
4. Seattle, Washington (Seattle metro, Tacoma, and Olympia)
5. Tennessee (entire state)
6. San Francisco, California
7. Los Angeles, California
8. Washington D.C. (metro area including Maryland and Virginia)
9. Dallas, Texas
10. Houston, Texas.
In spring 2012, The EV Project added the following three new markets:
1. Chicago, Illinois
2. Philadelphia, Pennsylvania
3. Atlanta, Georgia.

2EVHUYDWLRQVThe average installation cost for publicly accessible AC Level 2 EVSE in
all EV Project markets is shown in Figure 11-92. The overall average was $3,108 per unit installed, with
installation costs varying from less than $600 per unit to over $12,000.

Figure 11-92. Average installation cost for publicly accessible EVSE by EV Project market.
The three California markets of Los Angeles, San Diego, and San Francisco were near the top in
public EVSE costs, as they were for residential EVSE installation costs [43]. Data analyzed for all
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three California markets had significant installation numbers; however, the Chicago (19), Houston (52),
Philadelphia (33), and Washington D.C. (38) market installation data provided far fewer samples.
A graphical representation of the comparative number of publicly accessible EVSE installations that
had cost data available for analysis is shown in Figure 11-93. Three of the 13 markets defined for analysis
(i.e., Arizona, Oregon, and San Diego) had 60% of the installations with cost data. Meanwhile,
four identified markets are barely distinguishable in the pie chart. These low sample sizes do not provide
a good basis for comparing average costs in these markets with other markets.
The Atlanta installation cost data also deserve further analysis because their installation costs were
unexpectedly high when compared to their position as the least expensive market for residential
installation costs.
The 40 most expensive installations in the Atlanta market (i.e., 26% of the total installations with cost
data in Atlanta) had an average cost of $7,175 per unit installed. This is well over twice the average
installation cost of $3,108 and is the reason the average AC Level 2 installation costs in Atlanta appear to
the far left in Figure 11-92. All 40 of these installations were part of a national agreement to install Blink
charging stations. There was significant funding support from the national organization hosting these
EVSE, enabling it to dictate placement of the EVSE in prominent locations in the parking area. These
stations were installed away from the front of the building, in conspicuous parking spaces that were not in
direct competition with shoppers seeking the shortest path to and from the store. The long electrical runs
from the electric service panel (typically at the back of the store) to a location well into the parking lot at
the front of the store, made these installations much more expensive than typical installations in other
markets.
Although the number of installations was small, the publicly accessible installations in Washington
D.C. were also of interest. These EVSE installations represented the least expensive installations, in large
part, because nearly 80% of them (Figure 11-94) were wall-mounted installations. These less expensive
installations are discussed further in the paper, “What were the cost drivers for publicly accessible
charging installations?” [45].
As with residential charging costs by region [46], labor was the primary geographic differentiator of
EVSE installation cost, because the prevailing wages dictated by the DBA, which vary by market, were
used for installation labor in all of The EV Project.

PubliclyAccessibleACACLevel2

ARIZONA
OREGON
SANDIEGO
LOSANGELES
SEATTLE
DALLAS
TENNESSEE
ATLANTA
SANFRANCISCO
HOUSTON
PHILADELPHIA
CHICAGO
WASHINGTONDC

Figure 11-93. Number of publicly accessible AC Level 2 EVSE per market for which installation cost
data are available.
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Figure 11-94. Wall-mounted units as a percentage of all non-residential units deployed.
Another factor that affected installation costs in different markets was implementation of Americans
with Disability Act requirements as understood by the local permitting AHJ. While Americans with
Disability Act requirements were in place during the term of The EV Project, these had not been
specifically promulgated to the local level during the term of The EV Project, leaving the local AHJ to
provide their own interpretations of Americans with Disability Act requirements. The AHJ interpretations
varied widely from locations with no Americans with Disability Act requirements at all to others that
required fully accessible EVSE (including van accessible parking spaces) and accessibility from the
EVSE to buildings on the host site.
Although Americans with Disability Act compliance was an objective for all EV Project installations
for publicly accessible EVSE, requirements in the San Diego market were particularly rigorous and added
significantly to installation cost [47]. An example of an Americans with Disability Act-compliant site is
shown in Figure 11-95. The requirements typically affected the entire site layout; therefore, overall site
installation costs were higher. This requirement was most prevalent at DCFC sites, which required an
Americans with Disability Act accessible AC Level 2 EVSE be installed alongside the DCFC unit.

Figure 11-95. Americans with Disability Act -access compliant EVSE installation.
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The EV Project’s approach to Americans with Disability Act can be found in The EV Project Lesson
Learned White Paper, “Accessibility at Public EV Charging Locations” [48].

&RQFOXVLRQVFor markets with sufficient sample quantities for comparison, the average
installation costs for publicly accessible AC Level 2 EVSE charging infrastructure varied by a factor of
two across geographic markets; Arizona at $2,407 versus Atlanta at $4,588.
Some charging site hosts supplemented the installation allowance provided by The EV Project to
make their EVSE installations a more visible part of their business. While these decisions on EVSE
installation met the host’s objectives, they also led to higher-than-average installation costs.
As with residential installation costs [49], California costs for labor and permitting of publicly
accessible EVSE installations made them among the most expensive sites by geographic region. Further
details on installation costs and cost drivers for publicly accessible EVSE can be found in the lessons
learned paper, “What were the Cost Drivers for Publicly Accessible Charging Installations?” [50].
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 (OHFWULF9HKLFOH3XEOLF&KDUJLQJ±7LPH9HUVXV(QHUJ\0DUFK

,QWURGXFWLRQA critical factor for successful PEV adoption is deployment and use of
charging infrastructure in non-residential locations. Vehicle operators utilize this infrastructure to extend
the electric range of their PEV. Without charging infrastructure in commercial locations, PEVs are
“tethered” to their overnight charging location.
Through The EV Project, charging infrastructure at commercial locations has been deployed in
various cities across the country. To stimulate use of this charging infrastructure and familiarize EV
owners with its operation, access to the infrastructure was initially provided at no cost. This lesson
learned paper presents issues and options considered by The EV Project in determining the metric to be
used for introducing access fees for commercial charging infrastructure.

)UHH&KDUJLQJLV1RW9LDEOHWhile free access to commercial charging infrastructure
provides an effective means of initializing infrastructure use, it does not support a “viral” expansion of
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charging infrastructure. Widespread deployment of charging infrastructure at commercial locations
(Figure 11-96) must either be subsidized or it must generate sufficient income to provide a return on the
investment made by the infrastructure owner. It is assumed that a small amount of charging infrastructure
may be subsidized by the local, state, or federal government funding its installation and some businesses
may choose to subsidize it by providing free charging as an enticement to attract customers. However, the
quantity of charging infrastructure necessary to support widespread adoption of PEVs must be supported
by private investment, anticipating a return. Access fees provide one mechanism for providing this return
on investment.

Figure 11-96. AC Level 2 EVSE charging station at Monti’s la Casa Vieja in Tempe, Arizona.

$VVHVVLQJ$FFHVV)HHVThe EV community currently employs three means for
assessing fees when an EV owner accesses commercial charging infrastructure:(1) by time connected to
the unit for charge; (2) by energy used, measured in kilowatt hours (kWh); and (3) by means of a
subscription, wherein all in-network charging is included in a monthly fee.
This paper intends to address only the time and energy consumption-based methods, because the
networks that employ these are currently more prevalent across the country.

7LPH%DVHG$FFHVV)HHVTime-based access fees are applied to the user of the charge
infrastructure for all of the time the vehicle is connected to the charge unit. This is regardless of whether
or not there is energy being delivered or the rate at which it is delivered. Once authorized to charge and
connected to the vehicle, the charging costs accumulate in increments of time and continue until the
charge is stopped or interrupted. The total cost reflects the total time that the vehicle had access to the
charging station
$GGUHVVHV,QYHVWPHQWLQ,QIUDVWUXFWXUH²Total cost for an EVSE charging station installed at a
business location is thousands of dollars. Normally, this investment will need to be recouped over time.
The following are items that a commercial charge infrastructure owner/host pays up-front to have an
EVSE charging station installed:
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x

Parking space – This is typically one of the closest parking spaces to the building to provide
economic access to supply power, for visibility, and access for ADA compliance.

x

EVSE unit costs – This cost could range from $800 to $3,000 for the AC Level 2 charger [51] and
$30,000 to $80,000 for a DCFC unit. The greater the charging rate available, the more complex and
expensive the EVSE unit.

x

Installation costs – This cost could range from $3,000 to $15,000 [52] per site. The fees may consist
of installing the EVSE unit, concrete and asphalt cutting, trenching, connection to electrical utility
box, resurfacing the asphalt parking lot, striping, signage, and replacing concrete.

x

Permit costs – These costs vary from city to city and could be from a few tens to a few hundreds of
dollars.

Ongoing costs, once the EVSE unit is installed, include costs to maintain the parking lot
(e.g., resurfacing, cleaning, lighting, etc.), insurance costs, property taxes, and the cost of electricity
consumed. The cost of electricity for EV charging is actually one of the least expensive items associated
with hosting an EV charging station.
To recover the cost of owning and operating a charging station, both the fixed initial costs and the
ongoing operating costs must be recovered. Access fees based on time connected to the charger reflect the
significant fixed initial cost in the charging station and time based on ongoing operating costs (such as
taxes), but completely ignore the cost of electricity actually transferred during a charge. Therefore, the fee
assessed per unit of time to connect to the charger must reflect an average energy transfer. This average
can accurately reflect energy transfer for low-power charging. For example, at a 3.3-kW AC Level 2 AC
charge rate, PEVs generally charge at the full 3.3 kW until very near the end of the charge. However, at
higher-power charging, particularly DCFC, the charge rate can vary significantly over time.
'LVFRXUDJHV&KDUJHU2YHUXVH²An EVSE charging station can be compared to a table or booth at a
popular restaurant. Even though the booth may only cost a few hundred dollars itself, several factors
make the booth more valuable. These include the location, cost of the building where it resides, cost of
employees to service the clients at the booth, costs to maintain the building to keep the booth secure,
insurance costs, food costs, etc. The business owner makes a small income every time a client sits at the
booth and orders from the menu. This income over time pays for the booth, the building, the employees,
and all costs related to the business. Therefore, when comparing the table at a popular restaurant to the
EVSE charging station, if a customer does not order from the menu at a restaurant but occupies the table,
they are preventing other customers from using the table and not providing income for the restaurant.
Similarly, if the restaurant customer eats his meal but then stays and chats for 2 more hours, they are
likewise preventing other customers from using the table and providing income for the restaurant. The
same is true when an EV is plugged into the EVSE charging station and not charging. Charging by time
connected to the charger encourages PEV owners to move their vehicles out of the charging location
promptly upon charge completion. This ensures that the charger is available to as many PEVs as possible
and prevents a single PEV from dominating the charger location, while providing no revenue to the
charger owner.
6LPSOH$GPLQLVWUDWLRQ²When being billed by time, an EV owner knows the amount they are going to
have to pay for the time they are plugged into the EVSE charging station. They can determine how much
they want to spend and how long they can visit the local business before their charging is complete.
As will be shown in Section 11.3.2.5, paying for charger access by kWh consumed can be less
predictable, presenting the PEV owner with uncertainty concerning the amount they will pay for charging.

)HHV%DVHGRQ(QHUJ\&RQVXPHGFees assessed for vehicle charging based on
energy consumption measure the amount of energy disbursed and bills the EV driver based on total
energy consumed. The user of the charging unit only pays for the energy consumed; therefore, this
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requires prior authorization to charge and connection to the vehicle. The EV driver pays a set fee per kWh
regardless of what the host/EVSE owner pays for energy or any other operational cost.
,QYHVWPHQWLQ,QIUDVWUXFWXUH²Fee collection based on energy consumption (kWh) does not provide the
same consistent benefit to the business owner or the customer. There is no real way to monitor kWh
transfer, because the electrical utility meter cannot be reset every time someone begins a charge. The
business owner has no real way of collecting data to know how many charges occurred in a specific time
period. The charge rate that a vehicle accepts depends on battery condition and the customer does not
know the amount they are going to be charged every time they use the EVSE unit, since kWh fluctuate,
their charging session amount could fluctuate at every charge.
Access fees based on energy transferred during charge very accurately recover the ongoing cost of
energy for charging. This provides the user of the charger consistent value (energy priced in kWh) for the
fee paid to access the charger. However, because much of the investment in charging infrastructure is
associated with the fixed initial cost of equipment and installation, access fees based on energy transferred
during charge must be adjusted to provide an average return on this investment as well. This adjustment is
complicated by charge events during which the vehicle completes charging, yet remains connected to the
charger. The only cost that ceases is electricity and, with it, all revenue to the host. Much like the
restaurant customer who eats their meal but then stays and chats for 2 more hours, these charge events
that deliver no energy for extended periods of time must be compensated for by higher fees for energy
actually transferred.
0XVWEH/LFHQVHGWR6HOO(OHFWULFDO(QHUJ\LQ0RVW6WDWHV²Electric utilities have huge financial
investments in generation, transmission, and distribution infrastructure that provide electricity to its
customers. In exchange for making these investments, electric utilities are typically chartered as the
exclusive provider of electricity in a specific service territory. As such, no other companies are permitted
to charge for the sale of electricity. When EVSE equipment suppliers charge by the kWh, they fall into
the category of an electric utility. As a result, the sale of electrical energy from an EVSE in most states
(and electric utility service territories) is illegal unless specifically provided for in regulations. According
to DOE’s Alternative Fuel Data Center (http://www.afdc.energy.gov/laws/state), the jurisdictions that
have amended regulations to allow sale of electricity by kWh from EVSE include the following:
x

California

x

Colorado

x

Virginia

x

Florida

x

Washington

x

Oregon

x

Minnesota

x

Illinois

x

Maryland.

The white paper titled, “Regulatory Issues and Utility EV Rate,” takes a detailed look at utility
regulation in numerous states related to EV charging.
0HWHU&HUWLILFDWLRQ²In jurisdictions that do allow sale of electricity from EVSE, questions arise related
to accurately measuring the amount of electricity sold. Typically, items sold by measure (in this case:
energy) require third-party certification of a measurement system to ensure consumer protection. Electric
utilities have rigorous meter certification programs governed by both national standards (such as
ANSI C.12) and by state regulation. Additionally, electric utility meters are sealed to prevent energy theft
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and are removable to allow verification of accuracy by laboratory testing. Meters incorporated in EVSE
typically do not meet many of these typical electric utility requirements. Efforts have currently been set in
place by the California Public Utility Commission to define specific requirements for electric meters
embedded in EVSE.

&RQFOXVLRQWidespread deployment of EV infrastructure requires successful
implementation of fees for charger access. Currently, two prevalent means for assessing access fees are in
use: (1) by time and (2) by energy consumed. Experience to-date with these fee metrics has identified the
following characteristics of each.
7LPH%DVHG)HHV
x

Provide a simple, understandable metric for access fees

x

Facilitate a simple metering scheme (clock) with uncomplicated certification of accuracy

x

Discourage vehicles from parking at chargers for extended periods after charging is complete,

x

Accurately represents the overall cost of providing charge infrastructure, but is not proportional to the
actual quantity of energy delivered.

x

Advantages

Simple
- Accurate measure
- Encourages turnover
x Disadvantages
-

Paying for blocking access for others when not getting energy from the charge unit.
(QHUJ\%DVHG)HHV N:K 
-

x

Allow fees charged to be proportional to the actual amount of energy delivered

x

Require regulatory changes in most states to allow non-utility entities to “sell electricity”

x

Do not proportionally reflect time-related costs (e.g. equipment and installation cost) of providing
PEV charging infrastructure

x

Allow vehicles to remain connected to charging infrastructure at no cost.

x

Advantages

EV driver only pays for energy used
x Disadvantages
-

EV driver can block access to charge unit for others with no penalty
- Does not encourage turnover of potential business customers for the host
- Not allowed in most states
- Accuracy of energy measurement can be called into question without an established third-party
qualification system.
Because one of the primary objectives for The EV Project is to encourage and determine ways to
encourage the widespread adoption of PEVs, Blink has elected to charge access fees by time on the Blink
network of chargers. This defines the space as a “charging space” rather than a parking space, and this
approach promotes PEV charging for a greater number of drivers.
-
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 :KDW:DVWKH,PSDFWRI&DU6KDULQJRQ3XEOLFO\$FFHVVLEOH&KDUJLQJ
,QIUDVWUXFWXUHLQ6DQ'LHJR

,QWURGXFWLRQOver 8,000 Nissan LEAFs™, Chevrolet Volts, and Smart ForTwo PEVs
were enrolled in The EV Project. The Smart ForTwo PEVs were owned by Car2Go, a car share operator
in the San Diego region of The EV Project. By the end of 2013, Car2Go had enrolled 386 Smart PEVs as
part of their car share business. The business plan for Car2Go is described herein and includes charging
vehicles at publicly accessible EVSE. This paper explores the impact of Car2Go car share vehicle
utilization of these EVSE.


.H\&RQFOXVLRQV

x

Publicly accessible EVSE in The EV Project provided convenient drop off locations for drivers using
Car2Go car share vehicles, because the EVSE are at popular destinations and the Car2Go renter is not
responsible for recharge costs.

x

Car2Go use of publicly accessible EVSE during The EV Project for charging their car share vehicles
resulted in longer connect times than typical with other PEV drivers and negatively affected the
availability of EVSE.

x

Business changes initiated by Car2Go at the end of 2012 significantly reduced the negative impact
associated with Car2Go car share vehicles parked at EVSE intended for public use.


'DWD$QDO\]HGThe EV Project published quarterly reports from the fourth quarter of
2011 through the end of the project in the fourth quarter of 2013 [53]. The Leaf and Volt vehicles enrolled
in The EV Project utilized vehicle telematics to transmit data to The EV Project’s Blink Network. These
data were subsequently transmitted to INL. Mileage data generated by Car2Go use of the Smart ForTwo
PEVs were manually recorded and transmitted by The EV Project to INL. Access to publicly accessible
EVSE required the use of Blink membership cards; therefore, each of the Car2Go vehicles was provided
with a Blink membership card for charging. Use of the membership card allowed collection of charge
data for these vehicles over the Blink network. For this report, Car2Go information available in The EV
Project quarterly reports was reviewed and extracted. In addition, detailed charging data from publicly
accessible EVSE for several time periods were analyzed. Smart ForTwo vehicles do not have a fast
charge inlet; therefore, no DCFC information was included in this analysis.

&DU*R%XVLQHVV2YHUYLHZCar2Go provides Smart ForTwo PEVs for rent
(Figure 11-97) in the “home areas” of San Diego. Members in the car sharing service locate an available
Smart PEV near them using a smart phone application, swipe their Car2Go member card, answer a few
questions on a touch screen, and drive as little or as much as they like. They may travel outside the home
area, but cannot complete their trip outside of the home area. The PEV must be returned to an authorized
location within the home area when the trip is ended. The drop-off location need not be at an EVSE,
because there is no requirement for the driver to charge the vehicle. However, the Smart ForTwo PEV
may be parked and charged at any EV Project publicly accessible Blink EVSE at no cost to the car share
driver. For any vehicle trip ending with the battery below a 25% SOC, Car2Go personnel retrieved the car
and assure it gets charged. The Car2Go website [54] provides more information and frequently asked
questions related to vehicle use, charging, and parking.
Fully charging the 17.6-kWh Smart ForTwo PEV battery using AC Level 2 EVSE requires
approximately 6 hours. A fully charged battery delivers approximately 68 miles of driving range [55].
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Figure 11-97. Smart ForTwo PEV.


$QDO\VHV3HUIRUPHG

4XDUWHUO\5HSRUW$QDO\VLV²The number of Car2Go Smart PEVs enrolled in The EV Project in the San
Diego region increased from 92 in November 2011 to 386 vehicles by the fourth quarter of 2013. A few
vehicles were removed from service by the end of 2013, resulting in a total of 373 vehicles for which data
were collected. Over the same time period, the miles driven increased from 173,000 miles per quarter to
just over 400,000 miles per quarter. Figure 11-98 shows this change over the duration of The EV Project.

Figure 11-98. Growth of Car2Go in The EV Project in San Diego.
In early 2012, the Car2Go direction given to drivers was to terminate their trip at a publicly accessible
EVSE in the San Diego region. However, many did not, which required Car2Go personnel to retrieve the
PEV and return it to their facility or a nearby publicly accessible EVSE for charging. Many vehicles were
left in difficult locations for Car2Go, hence, initiation of the Car2Go home area. During this time,
charging at publicly accessible EVSE was no cost for Car2Go drivers; anecdotal comments were received
from San Diego PEV owners that they were being denied charging because the Car2Go vehicles were
parked for long durations at the publicly accessible EVSE.
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Mid-year 2012, The EV Project instituted fees for charging based on the length of connect time.
Car2Go paid these fees for their vehicles using publicly accessible EVSE. In December 2012, Car2Go
increased the number of EVSE at their facility from eight to thirty-eight to accommodate more car
charging there and also required that vehicles be returned to the Car2Go home area.
It is possible to track Car2Go charging through the use of Blink membership cards located in each
Smart ForTwo PEV and to access Blink EVSE. Figure 11-99 shows the change in the percentage of
vehicles charged at publicly accessible EVSE that were part of this car sharing service as reported in The
EV Project’s quarterly reports. It is noted that the reported number of charge events at these publicly
accessible EVSE included all PEVs, not just those participating in the project.
While the number of EV Project vehicles, non-project PEVs, and publicly accessible EVSE in San
Diego increased through the second quarter of 2013, the percentage of all charge events at publicly
accessible EVSE by Car2Go vehicles dropped dramatically from near 80% of all events to approximately
20% of all events. At first, this drop would appear to be the result of a change in the Car2Go charging
philosophy. However, with further analysis, it becomes clear that this drop was caused by a significant
increase in the use of the EVSE by other PEVs.

Figure 11-99. Car2Go percent of vehicles charged at publicly accessible EVSE.
&KDUJH'DWD$QDO\VLV²To better understand Car2Go use of EV Project EVSE, the first and fourth
quarter 2013 publicly accessible EVSE data were analyzed. All fleet and workplace EVSE installed by
The EV Project were removed from consideration because the behavior of PEV drivers at these locations
is much different than that at publicly accessible locations, even though some of these EVSE may also be
available to the public. In the first quarter, a total of 3,500 charge events by Car2Go vehicles occurred at
publicly accessible EVSE. For these EVSE, the charge commenced at the time a vehicle connects. The
total time the EVSE delivered power was subtracted from the total vehicle connect time to identify the
idle time for each event. Table 11-24 summarizes the results. The average energy of 12.8 kWh delivered
per charge compared to the battery capacity of 17.6 kWh indicates an average battery SOC of 27% at the
start of charge.
The average kWh per charge by Car2Go drivers changed little from the first to the fourth quarter of
2013. The average connect time increased, resulting in an increase in the average idle time. The miles
driven by Car2Go vehicles in each quarter were nearly the same; therefore, the similarity of the average
energy per charge is not surprising. Figures 11-100 and 11-101 illustrate the differences in connect and
idle times between Car2Go vehicles and all other PEVs in the San Diego region.
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Table 11-24. Charge characteristics during the first quarter of 2013.
Average Connect
Average Idle Time
Average kWh per
Vehicles
Time (hrs)
(hrs)
Charge
Car2Go
6.8
3.0
12.8
Others
3.7
1.7
7.8

Total kWh in
Quarter
44,922
34,417

Figure 11-100. Distribution of connect time per connect event for the fourth quarter of 2013.

Figure 11-101. Distribution of idle time per connect event for the fourth quarter of 2013.
In the fourth quarter of 2013, there were a total of 3,689 charge events by Car2Go vehicles at publicly
accessible EVSE. Table 11-25 summarizes these data.
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Table 11-25. Charge characteristics during the fourth quarter of 2013.
Average Connect
Average Idle Time
Average kWh per
Vehicles
Time (hrs)
(hrs)
Charge
Car2Go
8.5
4.8
12.5
Others
4.6
2.2
9.1

Total kWh in
Quarter
46,168
72,546

The major change from the first to the fourth quarter of 2013 is the amount of energy charged by
vehicles other than the Car2Go vehicles. As seen in Tables 11-24 and 11-25, the publicly accessible
EVSE dispensed 34,417 kWh in the first quarter 2013 and 72,546 kWh in the fourth quarter. This results
in the drop in the share of public charging events by Car2Go vehicles shown in Figure 11-99. Further,
with publicly accessible EVSE access fees imposed based on time connected to EVSE, minimization of
idle time by non-Car2Go drivers is to be expected. Nearly 60% of non Car2Go vehicles have no idle time
following charge.
Publicly accessible EVSE charge data for the third quarter of 2012 (prior to the business changes by
Car2Go) were also investigated. Car2Go vehicles charged at publicly accessible EVSE nearly
17,000 times during this period. The third quarter report identified that 60% of the publicly accessible
EVSE charging was accomplished by Car2Go vehicles. Table 11-26 provides a comparison of these
events to the fourth quarter of 2013.
Table 11-26. Car2Go comparison 2012 and 2013.
Number Vehicles
Average Connect
Quarter
Enrolled
Time (hrs)
rd
3 Qtr 2012
292
4.7
4th Qtr 2013
373
8.5

Average kWh per
Charge
10.3
12.5

Total kWh in
Quarter
174,762
46,168

As noted above, the change in the business plan by Car2Go reduced the number of charge events by
Car2Go vehicles from 17,000 events in the third quarter of 2012 to 3,500 in the first quarter of 2013 or
79% reduction and energy delivered from 174,762 kWh to 44,922 kWh or 74% reduction in the same
period.
&KDUJLQJ/RFDWLRQV²Use of publicly accessible EVSE by Car2Go vehicles in the fourth quarter of 2013
was further analyzed to determine if these vehicles favored specific EVSE locations. Figure 11-102 shows
the relative usage (using the metric of energy consumed), number of connect events, and idle time for
specific EVSE sites in the San Diego region.
The percentage of energy transferred closely follows the percentage of connect events at each EVSE
site. However, there are significant differences in the relationship of idle time. Sites with high energy
transfer or high connect events but low idle time would suggest the site has high vehicle turnover for
Car2Go or is a destination site for the Car2Go driver (as with other PEV drivers) and the driver
disconnects and continues the trip. Such sites occupied by Car2Go vehicles should not be any more of an
annoyance to other drivers than other PEVs that might be parked there. On the other hand, sites with high
idle time, especially those in high connect event locations, may be specifically observed by other PEV
drivers and seen as an annoyance.
The top nine sites are detailed further in Table 11-27.
Notes on the PlugShare website for Site 929 state that it is a frequent Car2Go vehicle location [56].
One of the PlugShare site photos at Site 818 is shown in Figure 11-104.
The sites with the greatest percent of idle time are shown in Figure 11-103.
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Figure 11-102. Publicly accessible usage by Car2Go vehicles.

Figure 11-103. Car2Go idle time locations.
Table 11-27. Publicly accessible EVSE sites with high Car2Go idle times.
Site
Location
Venue
929
2748 Historic Decatur Rd, SD
Shopping Center
818
2590 E. Mission Bay Dr., SD
Parks and Recreation
917
373 Park Way, Chula Vista
Parks and Recreation
928
2495 Truxton Rd, SD
Shopping Center
817
1100 W. Mission Bay Dr., SD
Parks and Recreation
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Site
848
851
812
871

Location
San Diego State University
San Diego State University
2111 Pan American Plaza, SD
4067 El Cajon Blvd, SD

Venue
Educational Services
Educational Services
Arts and Entertainment
Small Retail

Figure 11-104. PlugShare photo at Site 818 [57].

'LVFXVVLRQRI5HVXOWVUse of publicly accessible EVSE by the Car2Go fleet impacted
the availability of publicly accessible EVSE for other PEV drivers. However, the business changes made
by Car2Go to conduct more charging at their facility reduced that impact significantly. It likely also
reduced their costs because the access fee structure for publicly accessible EVSE was based on connect
time, whereas charging costs at their own facility were based on the actual cost of energy. Shifting more
of the charging to their own facility would have no overall impact on the electric grid because the amount
of energy required would be the same. However, because charging site hosts also received a portion of the
charging fees, reduction in publicly accessible charging negatively affected the charging site host’s
revenue share.
A car sharing service that uses publicly accessible EVSE and is charged fees based on time connected
has an incentive to reduce idle time, if possible, and attempt to free the EVSE for use by others. However,
the fee for use of most publicly accessible EVSE has changed to be based on the actual energy
transferred, which creates no incentive for drivers (both car sharing and other PEVs) to move their vehicle
upon completion of charging.


5HIHUHQFHV

53. EV Project Quarterly Reports, http://avt.inl.gov/evproject.shtml.
54. Car2Go website, http://sandiego.car2go.com/.
55. Smart USA website, http://www.smartusa.com/models/electric-drive/overview.aspx.
56. www.Plugshare.com.
57. ibid.
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,QWURGXFWLRQThe EVSE delivered by The EV Project included both residential and
non-residential units. Approximately 4,000 non-residential AC Level 2 EVSE were installed in workplace
environments, fleet applications, and publicly accessible locations near retail centers, parking lots, and
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similar locations. The Blink AC Level 2 utilized in The EV Project is capable of charging at up to 7.2 kW
power, although most vehicles in The EV Project charged at about 3.7 kW. This power can be a
significant additional electrical load for the charging site host. This concern becomes greater when several
EVSE are in operation on a site at the same time. 
Many electric utilities include maximum power demand as part of their commercial rate structure.
The demand charge incurred by a commercial customer is related to the peak power used during a
monthly billing cycle. This is in contrast to the total energy usage that is the more familiar utility charge
seen for residential service. A demand charge is typically calculated based on the highest average power
level over a 15 minute period during the monthly billing cycle and is not a cumulative-type charge.
One objective of The EV Project was to elucidate the motivations and hindrances to potential site
hosts of non-residential EVSE. The imposition of electric utility demand charges represents such a
potential hindrance.
This subject was introduced in the paper: DCFC - Demand Charge Reduction [58], specifically
dealing with DCFCs. The concept remains relevant to AC Level 2 EVSE, especially when several EVSE
are deployed at the same site, which occurred frequently in The EV Project. In fact, the average number
of AC Level 2 EVSE per site was 2.58 and varied by market from 1.79 to 3.45 per site.
This paper identifies the impact of demand charges on non-residential AC Level 2 hosts in The EV
Project.


.H\&RQFOXVLRQV

x

Some electric utilities in The EV Project market areas impose demand charges on the highest power
delivered to a customer in a month.

x

Simultaneously charging multiple AC Level 2 EVSE can create significant increases in power
demand.

x

These demand charges can have a significant impact on monthly electric utility costs, especially for
small businesses.

x

The increased charging rate allowed by many newer PEVs will exacerbate this impact.

x

Separately metered EVSE charging service may enable AC Level 2 charging site hosts to avoid most
of these impacts.


%DFNJURXQGThe EV Project recommended that all charging site hosts for fleet,
workplace or publicly accessible EVSE should contact their local electric utility for guidance in selecting
the optimum arrangement for providing power to their EVSE. Essentially two options were available.
Either the EVSE is powered from spare capacity within the existing service to the facility or new service
is added through a new electric meter. The selection of the best option would include consideration of the
nature of the business, the desired location of the installed EVSE, existing facility power demand,
capability of the existing service to accommodate new loads, local permitting requirements, and special
rates that may be applied by the local utility.
Fleet and workplace hosts in The EV Project were responsible for the electrical power and energy
costs required to operate EVSE as part of their business expenses. Publicly accessible EVSE hosts were
compensated for all or part of the energy dispensed through revenue sharing of the EVSE access fees.
Some of the hosts elected to provide the charging service at no cost to the PEV driver. In this case, the
host was responsible for all costs for charging, including compensating Blink for their network services.
Revenue from EVSE access fees was shared based upon the length of time a PEV was connected to the
EVSE and did not allow for any additional costs associated with utility demand charges.
Electric utilities provide rate schedules for commercial customers based upon their history of energy
and power demand. Section 11.3.4.11 provides rate schedules for an electric utility involved with The EV
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Project. APS provides service to most of the metropolitan Phoenix area as well as other parts of the state.
It provides rate schedules for extra small commercial businesses (i.e., 0 to 20 kW in demand), small
commercial (i.e., 21 to 100 kW), medium commercial (i.e., 101 to 400 kW), large commercial
(i.e., 401 kW+), and extra-large commercial (i.e., 3 MW). The effects of EVSE charging are explored for
the first three rate schedules in the following subsections.

'DWD$QDO\]HGThis paper utilizes typical host usage load profiles combined with actual
AC Level 2EVSE charge data collected by The EV Project to measure impact on demand charges. Using
the APS rate schedules, the cost impact of each is identified. Three months of charge data were selected
for analysis - June, July, and August 2013. These months were chosen because the deployment of
non-residential EVSE was essentially completed by this time interval; therefore, PEV drivers were well
aware of the location of these EVSE. In addition, the fee structure for EVSE access had been in place for
approximately 1 year and its effect on utilization was stable.


&XVWRPHU/RDG3URILOH$QDO\VLV

([WUD6PDOO2IILFH$QDO\VLV²The extra small office rate schedule does not impose demand charges. Its
maximum limit on demand is 20 kW. The addition of a PEV capable of charging at 6.7 kW would still
allow over 13 kW of demand for normal business loads. This would allow this extra small business to
continue typical summer loads, such as air conditioning, without impact. However, as the business grows
or more PEV charging is installed, the 20 kW limit may be exceeded and the next rate schedule would
apply.
6PDOO2IILFH$QDO\VLV²OpenEI provides analyses on renewable energy and energy efficiency. It
provides load profiles [59] for various size businesses in each of the major regions of the United States.
Those load profiles are used for further analysis in Phoenix.
The small office average load profile in the Phoenix area as provided by OpenEI for June through
August is shown in Figure 11-105.

Figure 11-105. Phoenix small office profile.
Should the office desire to add charging for a single PEV with the capability of charging at 6.7 kW,
the resulting load profile would be as that in Figure 11-106.
The peak demand is 6.7 kW higher during charging than the otherwise peak demand during this
period, resulting in a total demand of 22.8 kW.
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Figure 11-106. Phoenix small office with EVSE charging profile.
This peak exceeds the 20-kW limit and would result in APS placing the customer in the next highest
rate schedule: E-32 S. It also results in a demand charge of $224/month and subjects the company to
demand charges as long as it remains on the new schedule. According to the APS rate schedule, this
demand charge is added to the monthly statement in which it occurred regardless of whether the EVSE
ever charges again during the month.
)XOO6HUYLFH5HVWDXUDQW$QDO\VLV²The full service restaurant average load profile in the Phoenix area
as provided by OpenEI for June through August is shown as the blue line in Figure 11-107. On June 13,
2013, a site containing seven publicly accessible EVSE in the APS service territory experienced three of
these EVSE charging simultaneously with a total demand of 9.9 kW. The effect on the average profile
with these three EVSE charging simultaneously is shown in Figure11-107.
This customer would typically be assigned rate schedule E-32 S. Charging at the particular time
observed resulted in a peak demand 4.7 kW higher than the other peak of the day. This increases the
monthly demand charge by $46/month from $705/month demand charge without EVSE charging to
$751/month with charging. Had the charging peak occurred simultaneously with the normal peak, the
demand charge increase would have been $97/month. While the host may be partially compensated by the
revenue sharing of the access fee, the increase in demand was not compensated by The EV Project. In this
situation, the host’s increase is only the amount of demand caused by the EVSE whereas for the small
office example, the change resulted in the host’s increase for the business demand and EVSE demand.
6XSHUPDUNHW$QDO\VLV²The supermarket average load profile in the Phoenix area as provided by
OpenEI for June through August is shown in Figure 11-108 along with the three EVSE charging event
previously identified.
The supermarket would likely be on rate schedule E-32 M. Charging at the particular time observed
resulted in a peak demand 2 kW higher than the other peak of the day. This increases the monthly demand
charge by $10 compared to the regular demand charge of $2,374. Had the charging occurred
simultaneously with the supermarket peak, the added monthly demand charge would be $53.
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Figure 11-107. Phoenix full service restaurant with EVSE profile.

Figure 11-108. Phoenix supermarket with EVSE charging profile.

7LPHRI8VH5DWHVSome electric utilities, such as PGE, offer commercial customers the
option of applying TOU rates for PEV charging. This may require a separate electrical service, adding the
costs associated with meter installation. TOU rates are provided by the electric utility to incentivize
customers to charge PEVs on off-peak times. However, publicly accessible EVSE are typically available
at all times of the day and are more likely to be utilized by the public during peak times. Thus, TOU rates
are not likely to be helpful in reducing electricity costs for the restaurant or supermarket noted above.
TOU rates may be beneficial for fleets or workplace environments where the time when charging occurs
can be controlled.
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6HSDUDWHO\0HWHUHG(96(6HUYLFHThe above examples assume that the EVSE
charging is added to the existing electrical service provided to the facility. In most cases, the prior
consultation with the electric utility would identify that typically, separate service is desirable. This
separate service incurs the added expense of the miscellaneous fees and service charges for the new
service but could prevent the added expense of demand charges. The three EVSE operating
simultaneously in Phoenix could be assigned to the E-32 XS schedule and thus avoid all demand charges.

(IIHFWVRI+LJKHU5DWH&KDUJLQJThe EVSE charge events noted above involve the
original Leaf and Volt of The EV Project with a maximum charging power demand from the grid limited
by the vehicle to approximately 3.7 kW. Newer models of the Leaf and many other PEVs entering the
market have increased the charge capability of the vehicle to a power demand of 6.7 kW or greater. The
Blink EVSE installed by The EV Project in non-residential locations is capable of delivering this
increased power. Thus, the simultaneous operation of three EVSE could easily be over 20 kW rather than
the 9.9 kW of that analyzed above.

2EVHUYDWLRQVThe power required by the EVSE is a more significant impact to the
electric utility monthly statement for smaller commercial businesses than larger ones. Each electric utility
defines small commercial businesses and their rate schedules based on its own needs and as regulated by
the local Public Utility Commission or municipal rules. Some of the small business owners who have
included the EVSE charging as part of their existing supply, may be surprised when the utility places
them on a higher rate schedule as a result of PEV charging. Although it includes more upfront costs,
separately metered service for the EVSE may allow the business owner and PEV charging host to avoid
demand charges associated with ACL2 EVSE charging.
 5HIHUHQFHV
58. http://avt.inl.gov/pdf/EVProj/DCFastCharge-DemandChargeReductionV1.0.pdf [accessed March 14,
2015]
59. Open EI Load Profiles, http://en.openei.org/datasets/files/961/pub/
60. Arizona Public Service Business Electric Rate Schedules,
http://www.aps.com/en/ourcompany/ratesregulationsresources/serviceplaninformation/Pages/business
-sheets.aspx
61. PGE Rate Schedules,
https://www.portlandgeneral.com/our_company/corporate_info/regulatory_documents/tariff/rate_sch
edules.aspx
 (OHFWULF8WLOLW\2YHUYLHZ
$UL]RQD3XEOLF6HUYLFH²APS rate schedules are provided in reference [60]. While all contain basic
service charges and fees, the charges of interest are for energy and power demand.
Monthly maximum demand will be based on the highest average kW supplied during the 15-minute
period during either the on-peak or off-peak hours of the billing period, as determined from readings of
the company’s meter.
APS has no special distinction related to businesses charging PEVs.
APS also offers TOU options related to these rates. However, public charging of PEVs are generally
not limited to off-peak times and such may not be a benefit. They are omitted here for clarity.
Table 11-28 shows basic differences between rate schedules for energy usage and demand.
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Table 11-28. APS rate schedules for commercial customers.
Schedule
Max kW
Energy
E-32 XS
20
$0.13537/kwh first 5,000 kWh plus
$0.07427 for additional kWh
E-32 S
100
$0.10337 per kWh for first 200 kWh
plus $0.06257 for additional kWh
E-32 M

400

$0.09884 per kWh for the first 200
kWh plus $0.06091 per kWh for all
additional kWh

Demand
NA
$9.828 per kW for the first
100 kW plus $5.214 for all
additional kW
$10.235 for the first 100 kW plus
$5.385 per kW for all additional
kW

 +RZ:HOO'LG1RQUHVLGHQWLDO(96(,QVWDOODWLRQV0DWFKWKH3ODQQHG$UHDV
LQ6DQ'LHJR"

,QWURGXFWLRQThe lack of public charging infrastructure for PEVs has been identified as a
barrier to the widespread adoption of PEVs. Federal and state grants have been awarded to promote
public charging and for retail businesses to have an interest in installing charging infrastructure. A
common question for charger installations is, “Where should the chargers be placed?” One of the
objectives of The EV Project was to study the interaction of PEV drivers with public infrastructure;
therefore, again leading to the question of where this infrastructure should be placed.
In the early stages of PEV delivery to local markets, the options were as follows:
x

Plan locations related to key attraction sites where PEV parking is anticipated

x

Solicit retail and public charging hosts for random placement

x

Ask early adopters where they want public infrastructure

x

Identify sites near known high-traffic areas.

The EV Project chose locations related to key attraction sites where PEV parking is anticipated for
planned deployment. The planning process used for San Diego is well documented in Section 11.3.5.9.
This section considers how closely the final EVSE installation locations matched the planned approach.


.H\&RQFOXVLRQV

x

The San Diego planning process developed 3,333 target areas for deployment.

x

The EV Project installed 530 non-residential EVSE in 160 locations in the San Diego region.

x

98% of the installed EVSE units are within target areas.

x

98% of installed sites are within target areas.

x

More than 1,135 target areas (34%) were served by the 160 deployed EVSE sites.


$QDO\VLV$SSURDFKThe PEV charging stations, or more appropriately identified as
EVSE, delivered by The EV Project included both residential and non-residential units. Non-residential
EVSE included those installed in workplace environments, fleet applications, and those for public use that
were located near retail centers, parking lots, and similar locations. The planning process identified target
areas for EVSE deployment. In this analysis, the final EVSE deployment locations are plotted against the
target locations to identify how well they match.
A preliminary report on this topic was prepared prior to the final installation of all project EVSE and
reported in, “The Micro-Climate deployment Process in San Diego” [62]. This report updates that paper
to the final installation status.
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3ODQ5HVXOWVSection 11.3.5.9 and Reference [62] provide the details of the planning
process for non-residential EVSE placement in the San Diego region. That planning effort focused on
attraction or destination sites, with anticipated high turnover of PEVs. The results of that process provided
3,333 targeted areas (Figure 11-109). Each circle is a quarter-mile buffer surrounding the target location.
The quarter-mile buffer was determined to be the maximum distance a person would walk from the EVSE
to the attraction. The close proximity of several of the attraction sites caused overlap in many target areas,
especially in the metropolitan San Diego area.
The primary focus of The EV Project’s regional manager in San Diego was to solicit business and
property owners to be charging site hosts in those target areas.

&KDOOHQJHVWR'HSOR\PHQWThe EV Project provided an AC Level 2 EVSE unit at no
cost to the host, as well as a fixed credit toward installation costs with an agreement that the host would
allow The EV Project to collect and analyze data from the equipment for the duration of the project.
Several factors impacted the host’s decision to accept the EVSE unit and installation cost credit offered.
These included installation costs exceeding that credit, impact on the existing parking, ADA compliance
requirements, city permitting requirements, delays in the process, and the host company’s internal legal,
marketing, and strategic planning considerations. 

Figure 11-109. Target areas in San Diego are denoted by small gray circles. The green circles are the
1-quarter-mile buffer areas that contain an EVSE.
11-128

For the local AHJ, installation of an electrical device in public locations involved parking
considerations and compliance with ADA. This was new to most AHJs and little guidance was available.
The EV Project did provide ADA compliance recommendations [63], but these recommendations were
unofficial. Consequently, each AHJ developed their own requirements, which varied and made
installation in some jurisdictions overly conservative and prohibitively costly.
The EV Project schedule delivered residential EVSE concurrent with vehicle delivery starting in
December 2010. Installation of non-residential EVSE commenced in April 2011, consistent with the
original project’s schedule to closely following adoption of PEVs, and had a target for completion of that
infrastructure by the end of 2011. The year 2012 was devoted to data collection and analysis. According
to the schedule, non-residential EVSE installations occurred prior to complete deployment of the
residential component.
The resulting scarcity of the PEVs deployed, market uncertainties, permit issues, and other
uncertainties identified above resulted in less than an enthusiastic response to the invitation to become a
charging site host, except by the most motivated hosts.

5HVXOWVA site that is desirable for publicly accessible charging should include more than
one EVSE; therefore, the charging opportunity is available for more than one PEV at a time. Installation
cost per EVSE is also reduced for sites with multiple units. Thus, the hosts were encouraged to provide
space for atleast two units. Several of the anticipated high-utilization sites installed larger numbers of
EVSE. Table 11-29 identifies the number of sites with multiple EVSE in the San Diego market.
Table 11-29. Number of EVSE per site.
EVSE Count Number of Sites
10
5
9
2
8
4
7
7
6
4
5
12
4
18
3
33
2
42
1
33
Final distribution of The EV Project’s non-residential EVSE included 530 EVSE in 160 different sites
(see Figure 11-110).
Reference [62] reported that nine installed locations were outside the areas targeted by the planning
process. However, correction of GPS coordinates reduced that to three locations. These three locations,
shown in red, contain a total of 12 EVSE and all are associated with educational facilities.
Because many of the target areas overlap, an installed EVSE may actually be installed in and serve
more than one target area. Reference [62] reported 1,138 target areas were served by the deployed EVSE.

&RQFOXVLRQVNinety-eight percent of the deployed EVSE units are in locations that were
targeted in the San Diego planning process and 98% of the deployed sites are within the targeted areas.
This success in meeting the planning goals provides a starting point for continued evaluation of the
effectiveness of the planning process. Public utilization of these non-residential EVSE is evaluated in
separate EV Project documents [64]. Overlapping of target sites resulted in more than 34% of the priority
planned target areas being served by the 160 deployed EVSE sites.
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Figure 11-110. Final deployment sites of non-residential AC Level 2 EVSE. The green circles are EVSE
installed in target areas. The red circles are EVSE that were not located within target areas.


5HIHUHQFHV

62. “The Micro-Climate deployment Process in San Diego,” Lessons Learned,
avt.inl.gov/evproject.shtml.
63. “Accessibility at Public EV Charging Stations,” Lessons Learned, avt.inl.gov/evproject.shtml.
64. 2013 EV Project Electric Vehicle Charging Infrastructure Summary Report
http://avt.inel.gov/pdf/EVProj/EVProject%20Infrastructure%20ReportJan13Dec13.pdf.
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$SSURDFK²The EV Micro-Climate® planning process was developed during The EV Project as an
integrated turn-key program to ensure an area is well equipped with the needed infrastructure to support
consumer adoption of electric transportation. Beginning with extensive feasibility and infrastructure
planning studies, the program provided a blueprint to create a rich EV infrastructure.
The EV Micro-Climate process enlisted highly interested stakeholders in the region to provide local
context, history, and drive for EV adoption. These stakeholders became the local EV Project Stakeholder
Advisory Committee (SAC) and they were active throughout the planning process. The Micro-Climate
process focused the interests of this highly diverse group to produce three major planning documents. The
evaluation of the Micro-Climate planning process is available at
http://avt.inel.gov/evproject.shtml#LessonsLearned.
The EV Micro-Climate process in San Diego produced three documents: (1) Electric Vehicle
Charging Infrastructure Deployment Guidelines for the Greater San Diego Area (May 2010),
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(2) Long-Range EV Charging Infrastructure Plan for Greater San Diego (October 2010), and (3) the EV
Micro-Climate Plan for San Diego Region, California (February 2011). All documents are available at the
same website referenced above.
'RFXPHQWV²The EV Infrastructure Deployment Guidelines provided indoctrination information and
general guidance for starting the planning process. The Long Range Plan projected the PEV population in
the greater San Diego area by the year 2020 and the projected public charging infrastructure densities that
would support this population. The EV Micro-Climate Plan for San Diego narrowed the future look to the
next 2 to 3 years to provide direction for the near-term installation of publicly available EVSE provided
by The EV Project.
0HWKRGRORJ\²The San Diego EV Project SAC took an aggressive municipal planning approach to
identify target locations within the boundary of The EV Project in the San Diego region (shown in
Figure 11-111).

Figure 11-111. San Diego region of The EV Project.
There may be many different motivations for the host in locating public EVSE including generation
of revenue from fees, promoting a public environmental image, encouraging patronage by the PEV driver
demographic, and providing range extension for PEV drivers. The EV Project SAC determined optimum
locations for publicly accessible EVSE would be those with the following:
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x

High number of users

Integrated into daily life
- Available to many different users
x High frequency of vehicle turnover
-

Vehicle stay times of 45 minutes to approximately 3 hours
x Significant availability
-

Maximize the number of open days per week and per year
 Maximize the number of open hours per day.
When planning the locations, the geographic model was the master geographic reference areas, which
are proprietary data units designed and used by the San Diego Association of Governments. The
18,756 master geographic reference areas are geographic areas roughly the size of census blocks in urban
and suburban areas and census block groups in rural areas. Master geographic reference areas are
designed to nest into larger standard geographies, such as census tracts, zip codes, and municipal
boundaries. Master geographic reference areas are polygon shapes rather than points, but contain the
points of interest that were expected to attract PEV drivers. Master geographic reference areas may
contain more than one point of interest.
-

Several factors were considered in evaluating the suitability of a master geographic reference area for
its attraction to PEV drivers, and all master geographic reference areas were rated with the results
normalized to provide a score of 0 to 1. Master geographic reference areas with normalized scores above
0.16 were selected for target EVSE locations (Figure 11-112). This identified 3,333 of the total
18,756 master geographic reference areas.

Figure 11-112. Normalized PEV attractions master geographic reference areas.
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It is a generally accepted practice that a quarter of a mile is a reasonable walking distance between a
parked PEV charging and the point of interest. A quarter-mile buffer circle from the center point of the
MGRA provided the target location for a publicly accessible AC Level 2 EVSE unit.
Some master geographic reference areas within high population densities are smaller than the
quarter-mile buffer; therefore, many of the buffers regions overlapped.
This effort then resulted in maps of the San Diego region with quarter-mile radius buffers around the
top-ranked master geographic reference areas. Figure 11-113 shows one portion of the San Diego region
with these buffers identified.
These buffers then were the primary targets used by The EV Project regional manager when seeking
hosts for the deployment of publicly available EVSE.

Figure 11-113. Quarter-mile buffers in San Diego region.

 +RZ'RHV8WLOL]DWLRQRI1RQ5HVLGHQWLDO(96(&RPSDUH%HWZHHQWKRVH
,QVWDOOHGLQ2UHJRQLQ3ODQQHGYHUVXV8QSODQQHG/RFDWLRQV"

,QWURGXFWLRQThe lack of public charging infrastructure for PEVs has been identified as a
barrier to their widespread adoption. Federal and state grants have been awarded to promote public
charging and retail businesses have an interest in installing charging infrastructure. A common question
for charger installations is “Where should the chargers be placed?” One of the objectives of The EV
Project was to study the interaction of PEV drivers with public infrastructure; therefore, that same
question needed to be addressed by EV Project management prior to the first PEVs being delivered. The
options available at that time for determining where chargers should be placed were as follows:
x

Plan locations related to key attraction sites where PEV parking is anticipated

x

Solicit retail and public charging hosts for random placement

x

Ask early adopters where they want public infrastructure
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x

Identify sites near known high-traffic areas.

The EV Project chose the first option for planned deployment. This process was implemented in all
EV Project markets.
To evaluate the effectiveness of the planning process utilized by The EV Project, two questions
relevant were asked:
1. How well did final installation sites fit with planned locations?
2. How does utilization of non-residential AC Level 2 EVSE vary between those areas where it was
planned versus areas where it was not planned?
The first question was addressed in a separate paper for the San Diego area [67], where 98% of
installed non-residential EVSE were installed in planned areas. Therefore, a comparison of utilization
between EVSE use in and outside planned areas in San Diego is not practical. The Portland, Oregon area
was selected for this analysis, because the planning approach was very similar to San Diego, but a
significant percentage of non-residential EVSE was installed outside the planned areas. The details of the
planning approach were included in “EV Micro-Climate® Plan for Northwestern Oregon” [68] and are
summarized in Section 11.3.6.10. The lessons learned during the planning process are addressed in
another paper, “The EV Micro-Climate® Planning Process” [69].


.H\&RQFOXVLRQV

x

A significant planning effort for non-residential AC Level 2 EVSE placement was undertaken using
the EV Micro-Climate® process in the greater Portland area during 2010.

x

Fully 74% of The EV Project’s available EVSE were placed in the predicted high utilization zones.

x

Overall, EVSE placed in the predicted high utilization zones experienced 87% greater charge events
per week than those outside these zones.

x

The EVSE placed in predicted high utilization zones had average vehicle connect time periods
4.4 times longer than those outside these zones.

x

The charging site host venue is an important factor in EVSE utilization, both within and outside the
high utilization zones.

x

The EV Micro-Climate® planning process utilized in the greater Portland area was highly successful
in predicting high non-residential EVSE utilization.


$QDO\VLV$SSURDFKThe PEV charging stations or EVSE delivered by The EV Project
included both residential and non-residential units. Non-residential AC Level 2 EVSE were installed in
workplace environments, fleet applications, and publicly accessible locations near retail centers, parking
lots, and similar locations. The planning process identified target areas for EVSE deployment. This
process for the Portland area is summarized in Section 11.3.6.10. The entire greater Portland area was
mapped through a collaborative process with government, industry, and public to develop a heat map,
where red indicated zones predicted to have high charger utilization, green zones indicated medium
utilization, and blue zones indicated low utilization. The planning process then focused on identifying
venues in the high utilization zones that would attract large numbers of PEV drivers. This planning
process was completed in 2010, prior to delivery of the first PEVs to the region. In this analysis,
utilization of EVSE deployed in the high utilization zones are compared to EVSE deployed in the medium
and low utilization zones in the Portland area.

3ODQ5HVXOWVBy August 2013, non-residential EVSE deployment was nearly completed,
with 323 EVSE reporting data to The EV Project database. These 323 EVSE were located in 129 separate
sites for an average of 2.5 EVSE per site. Multiple EVSE were typically located at a site to reduce
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installation costs and to ensure an EVSE is available for use at all times, even when one is already in use.
Table 11-30 details the number of sites and quantity of EVSE.
Table 11-30. EVSE installations per site.
Number of EVSE
Number of Sites
1
34
2
53
3
21
4
12
5 or more
9
The actual installation sites were compared to a detailed Portland density map (Figure 11-123 in
Section 11.3.6.10). Table 11-32 presents the details of the deployment sites. Figure 11-114 presents these
locations geographically. The colors match that of the predicted utilization zones.
The 129 sites represent 57 separate owners and include public buildings, fleet, workplace, and retail
locations.
Table 11-31. EVSE deployment in predicted utilization zones.
Utilization Quantity Percent Quantity
Percent of
Zone
of Sites of Sites of EVSE
EVSE
High
95
74%
251
78%
Medium
20
15%
44
13%
Low
14
11%
28
9%

Figure 11-114. Non-residential EVSE installations in the greater Portland area.

8WLOL]DWLRQ0HWULFThe EV Project planning goal was to place all EVSE in locations
where high utilization was predicted. High utilization was defined as high numbers of users and high
turnover of charging events. However, the placement of non-residential EVSE requires approval of the
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charging site host. Because host motivations for placement of EVSE vary significantly, chargers were
actually installed at a variety of locations, with varying predicted utilization.
Utilization of public EVSE units was still developing in August 2013 as PEV drivers explored the
boundaries of their vehicle range. Some EVSE units were used on a regular basis, some occasionally, and
others rarely. Additionally, an EVSE unit may have been used extensively one week but not used the
next. Therefore, the time period over which the charger utilization is evaluated is also important. For this
paper, the primary metric selected was the average number of connect events per week since that EVSE
was installed. A “connect event” is defined as insertion of the EVSE connector into the PEV charge port
for at least a 1-minute duration, during which some power is actually transferred.
At locations with multiple EVSE installed, the most conveniently located EVSE was generally more
highly used. Early analyses found that high-performing and low performing EVSE, in terms of events per
week, could be found at the same site. However, because it was the site being evaluated, all events for all
EVSE at that site were summed in this analysis to identify the number of events per site. This metric will
favor the higher numbers of EVSE only when the sites with lower numbers have maximized their
utilization, which is an event that had not occurred by August 2013.
The hours EVSE were connected to a PEV were also summed and divided by the number of weeks
since the EVSE was installed, producing an average weekly connect time. The total connected time at a
site was divided by the total number of events and by the number of EVSE on the site to identify the
average connect time per EVSE. Finally, the average amount of energy transferred per event was
calculated.

$QDO\VLV5HVXOWVTable 11-32 compares analysis metrics for predicted high and
medium/low utilization zones.
Table 11-32. Utilization at predicted zones as measured in average and maximum connection events per
week.
Utilization
Connect Events/Week
Connect Hours/Week
Energy (kW)/Event
Zone
(average/max)
(average/max)
(average/max)
High
3.7/48.0
34.9/887.4
6.3/16.1
Medium/Low
2.0/11.7
8.0/54.8
6.4/23.0
Clearly, the high utilization zones contained the highest average and maximum number of connect
events per week. The average number of connect events per week was 87% higher at the high utilization
zone than the others. In addition, these sites provided the longest connect times. The average time
connected was 4.4 times longer in the high utilization zones. The amount of energy transferred per event
was similar for all utilization zones. This is expected, because energy transferred depends on vehicle
condition (i.e., state-of-charge) rather than location. No variation in state-of-charge was expected between
vehicles charging at high utilization zones versus medium/low utilization zones.
Location in a high utilization zone was not assurance of high usage. As summarized in Table 11-33,
62 of the 129 sites analyzed had an average number of events per week below the average for low and
medium zone usage (i.e., two events per week). Of these 62 sites, 41 were found in predicted high
utilization zones, representing 43% of all high utilization zone sites.
Table 11-33. Sites of low utilization.
Utilization Zone
Quantity of Sites
High
41
Medium
15
Low
6

Percent of Utilization Sites
43%
75%
43%
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+LJKO\8WLOL]HG6LWHVYHUVXV,QVWDOODWLRQ'DWH²Figure 11-115 shows the average number of charge
events per week versus the number of weeks since installation of the EVSE. Again, the color of the dot
represents the utilization zone where the site was located.

Figure 11-115. Site utilization versus weeks following installation.
Installations of EVSE into the predicted high utilization zones occurred throughout the active
promotion of The EV Project, with no specific emphasis on installing these sites early in The EV Project.
From Figure 11-115, there appears to be no increase in EVSE utilization over time, because the earliest
installed EVSE (i.e., greatest number of weeks from installation) fare no better than others installed later.
Similarly, EVSE installed most recently showed no disadvantage in utilization. Installation of EVSE in
medium and low zones occurred throughout The EV Project’s active promotion, and it appears the date of
installation also had no effect on their utilization.
+LJKO\8WLOL]HG6LWH/RFDWLRQV²Eighteen sites average over 5.0 events weekly, including one in the low
zone and two in the medium zone. The locations are shown in Figure 11-116 and detailed in Table 11-34.
The central Portland area appears to have fared the best in utilization. Location along major traffic routes
also appears important.
9HQXH&ODVVLILFDWLRQV²Venue classifications are identified in another EV Project lessons learned4
report. The venues associated with these 18 highly utilized sites are included in Table 11-34.
(YHQW'XUDWLRQSHU(OHFWULF9HKLFOH6XSSO\(TXLSPHQW²The average event duration per EVSE
generally varies inversely with the number of distinct users. It is noteworthy that two highly utilized sites
in the medium zones were big retailers.
It is also noted that the library listed in Table 11-34 is located in a low zone, but provides a significant
number of programs and events.
'LVWLQFW8VHUV²Access to non-residential EVSE varied throughout the project period. In the beginning,
charging was open to all users with no access control. In 2012, access was changed to require the user to
utilize a controlled access membership card. Later, fees for use were incorporated into most sites.
Table 11-34 indicates the number of distinct users from the date of installation through August 2013
based on use of The EV Project Blink membership card. Those sites that include the “+” indicate the
EVSE was utilized by PEV drivers other than those using a Blink membership card. While the number of
distinct “guests” in each location is unknown, the magnitude of guest use is indicative of use by PEV
drivers coming from a greater distance to use the charger. This wider draw significantly increases
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utilization and, from Table 11-34, appears to be related to large retail, medical, and entertainment venues.
These are all venues that are equally accessed by local residents and by vehicles traveling from a greater
distance to specifically visit that venue.

Figure 11-116. Highest utilized sites.
Table 11-34. Highest utilized sites.
Venue
Public/Municipal
Retail
Parking lots
Fleet
Retail
Workplace
Retail
Medical
Medical
Retail
Leisure
Retail
Fleet
Public/Municipal
Retail
Retail
Retail
Retail

Sub-Venue
Parking Lot
Retail – Big
NA
NA
Retail – Big
N/A
Retail – Big
NA
NA
Retail – Small
Arts/Entertain.
Retail – Big
NA
Library
Shopping Mall
Retail – Small
Retail – Big
Retail – Big

Zone
High
High
High
High
Medium
High
High
High
High
High
High
High
High
Low
High
High
Medium
High
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Site
Events/Wk
48.0
24.5
24.1
16.3
11.7
11.4
7.6
7.6
7.3
7.3
7.2
6.8
6.1
6.0
5.9
5.3
5.3
5.2

Avg Event Duration
per EVSE (hours)
3.7
0.5
2.9
3.7
0.6
5.3
1.0
1.4
1.5
2.1
0.7
0.4
6.5
0.6
0.4
2.3
1.3
1.3

Number of
Distinct Users
11+
65+
36+
NA
119+
1
182+
113+
63+
8+
114+
324+
NA
49+
144+
78+
134+
130+

/RZ8WLOL]DWLRQ6LWHV²As noted above, location in a high utilization zone is no assurance of high
utilization. Table 11-35 presents the 18 lowest utilized sites.
Table 11-35. Lowest utilized EVSE.
Venue
Sub-Venue
Fleet
NA
Public/Muni.
Public Works
Workplace
Utility
Public/Muni.
Military
Public/Muni.
Senior Center
Workplace
Utility
Public/Muni.
Public Building
Public/Muni.
Military
Public/Muni.
Parking Lot
Workplace
Utility
Hotel
NA
Public/Muni.
City Hall
Medical
NA
Workplace
Utility
Workplace
Utility
Public/Muni.
City Hall
Public/Muni.
Public Services
Hotel
NA

Zone
Medium
High
Medium
Low
High
Medium
Low
Low
High
Low
High
High
High
Medium
High
High
Medium
High

Events/Wk
0.04
0.05
0.10
0.11
0.11
0.13
0.14
0.16
0.16
0.18
0.20
0.22
0.24
0.27
0.28
0.28
0.31
0.38

None of these locations are involved in retail or services, thus missing the venue criteria considered
important in the planning process for high EVSE utilization.
(OHFWULF9HKLFOH2ZQHU5HVLGHQWLDO/RFDWLRQV²The EV Project enrolled vehicle owners starting in
December 2010. Enrollment in The EV Project ceased at the end of January 2013. Figure 11-117 shows
the home location of The EV Project’s PEV drivers in the greater Portland area. The homogeneous
distribution of locations shows that utilization of non-residential EVSE in any particular zone is not
influenced by a nearby concentration of residences with PEVs.
0RWLYDWLRQRI+RVW²As noted above, motivations for hosts in placement of EVSE at their locations
varied, meaning low utilization of sites may not be due to its location in a low utilization zone. As can be
seen in Table 11-35, several EVSE located in high utilization zones actually have low utilization.
Examination of these sites shows that these sites typically have (1) EVSE poorly placed on the site,
making it difficult to locate or use, (2) high traffic in their zone, but are located at a low traffic facility, or
(3) were installed by the charging site host simply to showcase support for PEVs, without regard to
utilization. These sites are not suitable at this time for high utilization.

&RQFOXVLRQVThe planning effort undertaken in the Portland area identified areas with
predicted high utilization for non-residential EVSE. The EV Project was successful in deploying 74% of
the available EVSE into the high utilization area. Data collected from these EVSE demonstrate that
utilization is greater for EVSE installed in the predicted high utilization zones than for those installed in
the predicted medium and low utilization zones.
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Utilization data also show that placement of EVSE in the high zone is not sufficient to ensure high
utilization. The venue for the charging site host, the EVSE location on that site, and the host’s motivation
for installing charge infrastructure are also important.
The high number of distinct users is indicative of the sphere of influence of any particular site. The
two retail locations in the medium zone had a significant number of distinct users, indicating a large draw
of users from outside their immediate areas.

Figure 11-117. PEV drivers’ home locations.


5HIHUHQFHV

67. “How well did Non-residential EVSE Installations Match the Planned Areas in San Diego?”
avt.inl.gov/evproject.shtml#Lessons Learned.
68. “EV Micro-Climate Plan for Northwestern Oregon” avt.inl.gov/evproject.shtm#LessonsLearned.
69. “The EV Micro-Climate Planning Process,” lessons learned,
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 1RUWKZHVWHUQ2UHJRQ3XEOLF(OHFWULF9HKLFOH6XSSO\(TXLSPHQW/RFDWLRQ
3ODQQLQJ
$SSURDFK²The EV Micro-Climate® planning process was developed during The EV Project as an
integrated turn-key program to ensure an area is well equipped with the needed infrastructure to support
the consumer adoption of electric transportation. Beginning with extensive feasibility and infrastructure
planning studies, the program provided a blueprint to create a rich EV infrastructure.
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The EV Micro-Climate process enlisted highly interested stakeholders in the region to provide local
context, history, and drive for EV adoption. These stakeholders were active throughout the planning
process. The Micro Climate process focused the interests of this highly diverse group to produce
three major planning documents. The evaluation of this Micro-Climate planning process has been
completed and is available for review.
The EV Micro-Climate process in northwestern Oregon produced three documents: “Electric Vehicle
Charging Infrastructure Deployment Guidelines for the Oregon I-5 Metro Areas of Portland, Salem,
Corvallis and Eugene” (April 2010), “Long-Range EV Charging Infrastructure Plan for Western Oregon”
(August 2010), and the “EV Micro-Climate Plan for Northwestern Oregon” (November 2010). All
documents are available at the same website referenced above.
'RFXPHQWV²The EV Infrastructure Deployment Guidelines provided indoctrination information and
general guidance for starting the planning process. The Long Range Plan projected PEV population in the
greater San Diego area by the year 2020, as well as the projected public charging infrastructure densities
that would support this population. The EV Micro Climate Plan for San Diego narrowed the future look
to the next 2 to 3 years to provide direction for the near term installation of publicly available EVSE
provided by The EV Project
0HWKRGRORJ\²The stakeholders conducted a data search of state, regional, and local data that could be
useful in locating EVSE. Initial inquiries included geographical information system data for the
following:
x

Traffic volumes (state and local)

x

Employment location information by industry type

x

Zoning classifications from the cities.

The three categories were used to create multiple data layers and associated values mapping. A
combined, single map was then produced to show proposed density and distribution patterns for EVSE by
using multivariate analysis. The analysis resulted in three categories: high, medium, and low, reflecting
the anticipated utilization of non-residential EVSE to be located within those geographic areas.
Figure 11-118 shows this density map for the greater Portland area.
There may be many different motivations for the host in locating public EVSE, including generation
of revenue from fees, promoting a public environmental image, encouraging patronage by the PEV driver
demographic, and providing range extension for PEV drivers. The stakeholders determined that optimum
locations for publicly accessible EVSE would be those with the following:
x

High number of users

Integrated into daily life
- Available to many different users
x High frequency of vehicle turnover
-

Vehicle stay times of 45 minutes to approximately 3 hours
x Significant availability
-

Maximize the number of open days per week and per year
- Maximize the number of open hours per day.
Following the process outlined above, a significant effort was made to solicit input from the cities and
public on the map. Most suggested locations were already identified in the high or medium areas. Very
few public locations were in low areas. Consequently, the map in Figure 11-118 was used by the regional
manager as the focus for sites for non-residential EVSE.
-
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Figure 11-118. Greater Portland region of The EV Project.

 (OHFWULF9HKLFOH6XSSO\(TXLSPHQW6LJQDJH

,QWURGXFWLRQSignage has two primary purposes: way-finding and regulatory.
Way-finding signage involves assisting PEV drivers in locating charging stations. Regulatory signage
determines who may park in the designated location and the allowed uses of that charging facility.
Early in the planning process of The EV Project, it was learned that several different ideas for signage
were based on personal preferences, company logos, prior usage, and so forth. Signage look, location, and
verbiage were subject to local jurisdictions, hosts, and state regulatory agencies. All of these
constituencies needed to be accommodated. Recommended signs in one region or for one host might not
fit the needs or requirements of others. Although The EV Project did not seek to impose a signage
standard, The EV Project did seek to coordinate the various markets in the adoption of standard signage
for all EV Project markets. Consistency in signage in any geographic area is important for the PEV driver
in order to avoid confusion and to promote learning among the non-PEV owner population.
The topic of signage was first addressed in the mid-1990s (Figure 11-119) with the introduction of
EVs in select markets. The way-finding and charging station signage used at that time are shown in
Figure 11-120.
Almost uniformly over the five market areas, The EV Project advisory groups desired a different sign
from the prevalent signage, because the symbol on the prevalent sign reflected lead acid technology that
was outdated; therefore, proposals for new sign symbols emerged. In addition, it was found that during
the EVSE infrastructure deployment of the 1990s, the general public was confused by the blue sign and
often mistook it for ADA parking and did not recognize the charging station or its signage.
The advisory groups also considered the regulatory nature of the signage. Lessons learned from the
1990s efforts in EVSE infrastructure deployment also pointed to the need to clearly identify that the
parking location was to be specifically designated for EVs. In addition to the mistaken identity of a
handicap parking stall, the uninformed public did not understand the nature of an EV parking stall nor the
need to keep it available for the use by an EV. ICE vehicles would often park in these locations.
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Consequently, the regulatory nature of the signage was identified as an important topic for the advisory
groups to consider.

Figure 11-119. EV Charging station circa 1996.

Figure 11-120. EV regulatory signs circa 1996.

'HYHORSPHQWWidespread adoption of EVs will include maps or websites identifying
charging locations. It will be helpful to post EV parking area signs on adjacent streets and access points
directing EV drivers to the charging locations.
The advisory groups in the five market areas identified a variety of symbols (some are identified in
Figure 11-121).
Seeking consensus on the symbol proved to be a difficult task. Inquiries were made to various state
agencies inside and outside the local market area. Guidelines and plans identified by others were
researched. In seeking a solution that met the regional requirements for uniformity and consideration for a
wider geographic appeal, the Federal Highway Administration of the U.S. Department of Transportation
was consulted.
5HJXODWRU\,VVXHV²Recognizing that the regulatory nature of the signage would be a local enforcement
action, this topic was addressed differently among the five market areas of The EV Project.
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Figure 11-121. Diverse EV sign symbols.
Most of the regional advisory groups agreed that regulatory signage is important. The difference
between “Electric Vehicle Parking Only” and “Electric Vehicle Charging Only” received a great deal of
attention. While some markets considered advocating for towing penalties, others wanted to rely on the
courtesy of ICE drivers to yield to EVs.
The EV Project also engaged the wider EV user community in this discussion through messaging and
social media. While this helps with awareness of the different signs, it will be some time before
community consensus begins to have an impact. However, during the interim this discussion highlights
signage and helps to focus on behaviors around the use of marked EVSE parking spaces.
The engagement of hosts within this dialogue creates a different perspective, one that is obviously
valuable. Consensus among hosts will also evolve over time. Hosts tend to fall into two camps of opinion.
The first seeks visibility to their commitment to “clean EVs” and desires visible signs. The second is
more concerned with full usage of parking spaces and tends to favor lower key less vigorous signage.

.H\2SWLRQVDQG$OWHUQDWLYHV(YDOXDWHGThe Manual of Uniform Traffic Control
Devices is published by the Federal Highway Administration under 23 Code of Federal Regulations
Part 655, Subpart F. It defines the standards used to install and maintain traffic control devices on all
public streets, highways, bikeways, and private roads open to the public.
The Manual of Uniform Traffic Control Devices establishes the specific requirements for signs,
including color, size, shape, letters, or other symbols. It also establishes standards for placement of signs
to ensure they are visible, legible, and enforceable. The requirements also vary along a freeway that is in
open country versus a freeway through a metropolitan area.
The process by which signage is approved allows for “experimentation” (i.e., ideas for a new traffic
control device or re-application of an existing device can be requested of the Federal Highway
Administration). These experimental suggestions generally originate with state agencies responsible for
managing the roadway. The recommendations by the Manual of Uniform Traffic Control Devices can be
included in the approved signage managed by the state agencies.
The Department of Transportation for the states of Washington and Oregon submitted a request for
the Federal Highway Administration to consider an EV charging general service symbol which existed in
the 2009 Edition of the Manual of Uniform Traffic Control Devices. The Federal Highway
Administration responded with interim approval (see Section 11.3.7.7).
This approval does not preclude the approval or interim approval of other symbols.
5HJXODWRU\,VVXHV²In considering the regulatory purposes of signage, some jurisdictions did not want to
publish prohibitions without considering enforcement. For example, if signage existed that prohibited
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parking by ICE vehicles and an ICE vehicle did park in the location, what corrective action would be
applied? If signage indicated that the space was for EV charging and an EV was parked but not charging,
would enforcement actions be required? Would it be obvious to enforcement that a vehicle that was
connected was in fact charging? It would also be possible that at the time of parking, the EV was
charging, but by the time enforcement arrived, the charging was complete.
On the other hand, it was generally agreed that without regulatory signage, EVs that were in need of a
charge and expecting an open stall would be disappointed if such were occupied by an ICE vehicle. ICE
drivers could view EV parking stalls as a preferred parking location and, without negative consequences,
would regularly park in such locations. To the general public, observing ICE vehicles in an EV only stall
would reduce confidence that publicly available charging would in fact be available. This becomes more
of an issue when reservation systems for EVs are employed.
In the early years of EV adoption, EV parking stalls may be vacant for significant periods of time.
The availability of these locations is important for EV driver range confidence and for encouraging the
general public that charging is available and that EVs should be considered for personal transportation. At
the same time, those opposed to EV adoption would suggest that the high vacancy is indication that EV
adoption is not occurring. Thus, a secondary discussion revealed that the EV parking stall may not be
ideally placed in the most prominent or advantageous location with respect to the facility visited. Rather,
secondary choices further from the entrance should be considered.
For those locations that did address punitive actions, the severity of those actions received
considerable discussion. This is particularly relevant when considering an EV parked in a charging only
stall that is not actually charging. The severity of the consequences could have a negative effect on the
driving behavior of EV drivers who then avoid these charging locations and thus result in continuously
vacant charging stalls. Instead of encouraging the use of publicly available EVSE, the penalties
discourage it.


5HFRPPHQGDWLRQV

6\PERO²The recommendations provided here are designed to streamline the deployment of EVSE
infrastructure and to be used as a guide for areas contemplating this deployment. These recommendations
are not the only means by which the question of signage can be addressed; uniform symbol and
messaging presented here can have a significant effect in public education and reduce EV driver and
non-EV driver confusion. In addition to providing way-finding, the use of the same symbol from highway
to local street to parking entrance to above the charging station itself, will create a common visual identity
that will increase the general public’s awareness of electric transportation. Another advantage of sign
consensus is the reduced cost of product and inventory since multiple designs need not be printed or
retained. It was recommended that this symbol be approved by all jurisdictions as a national symbol.
The recommendations provided here were uniformly adopted by the Advisory Groups in the five EV
Project market areas.
The California PEV Collaborative is a multi-stakeholder public-private partnership, working together
to ensure a strong and enduring transition to a PEV market in California. The collaborative embodies all
key California PEV stakeholders, including elected and appointed officials, automakers, utilities,
infrastructure providers, environmental organizations, research institutions and others. The mission of the
collaborative is to facilitate deployment of PEVs in California to meet economic, energy, and
environmental goals. The PEV collaborative provided the following statement:
“The PEV collaborative supports the use of standardized signs to minimize
confusion and provide the greatest ease of use for EV drivers. To this end, the
collaborative recommends that Cal Trans adopt the use of the candidate signs
currently being tested in Oregon and Washington, and that local jurisdictions
request the use of those signs during the test period with the expectation that they
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will ultimately be approved at the federal level and become the uniform standard
nationally.”
The recommended symbol is shown in Figures 11-122, 11-123, and 11-124.
Location of the symbol on a sign post or painted on the parking surface is a matter of preference but,
as seen, the parking stalls are visibly and clearly identified.

Figure 11-122. Federal Highway Administration approved symbol.

Figure 11-123. EV parking stall with recommended symbol on pavement.

Figure 11-124. EV parking stall with sign at head of stall.
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5HJXODWRU\6LJQV²The use of regulatory signs that permit the stall to be used only for the purpose of EV
charging was recommended. Lacking local ordinance enactment, these signs will largely be informational
and rely on acceptance by the public that the parking stall is for this special purpose. Private property
owners have the option of taking action, but it is likely that a destination facility will overlook the
infraction to avoid losing a customer. Once ordinances are in place, the sign should identify that
ordinance by number; therefore, the driver is aware that enforcement is by the local authorities rather than
the destination owner.
Previous experience has shown that signs that follow the red-on-white no parking standards found in
the Manual of Uniform Traffic Control Devices work best to keep non-EV drivers from occupying
charging station parking spaces. The example in Figure 11-125 follows Manual of Uniform Traffic
Control Devices standards.
Recommended wording for the no parking sign is “No Parking Except for Electric Vehicle
Charging.” EV drivers in Southern California, where there is an existing network of publicly available
charging stations, reported increasing incidences of drivers of Hybrid EVs such as the Toyota Prius
parking in front of charging stations believing that “No Parking Except for Electric Vehicles” did not
apply to them1. Using “No Parking Except for Electric Vehicle Charging” will help prevent hybrid EVs
and conventional ICE vehicles from occupying a charging station parking space.

Figure 11-125. No parking sign.
It was found that combining the symbol and regulatory sign provides an efficient, cost effective, and
esthetically pleasing appearance to the charging station.
The sign in Figure 11-126 may be accompanied with a sign that identifies the times the station will be
publicly available.

Figure 11-126. Combination sign.
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As noted previously, in order for regulatory signs to be enforceable, they must be supported by local
ordinances.

%XGJHW)LVFDO6FKHGXOH,PSOLFDWLRQVWay-finding and regulatory signage are highly
recommended for all EV parking stalls. While the cost of the sign is added to the cost of installation, this
can be reduced if the combination sign is used. Marking the pavement with the symbol is a matter of
preference, but it not required. Indeed, it will increase periodic maintenance to continue the appearance
following significant use and weathering. However, it will have the effect of reducing the incidence of
ICE vehicles parking in EV charging locations.
Placement of the sign during installation of the station will not add significant cost or time delay to
the project, and the cost of the sign is minimal compared to the benefit.

/HVVRQV/HDUQHGSignage for EV charging infrastructure is an appropriate topic for
consideration by local stakeholder groups when preparing for EVs. The choice of the symbol was found
to be confusing and even divisive at times with significant difference of opinions. While the
recommended symbol may not be universally desired by all stakeholders, it does represent an approved
symbol in use by many states. Its adoption early in the evaluation process will significantly reduce the
deliberation time. Should local stakeholders select an alternate symbol, it may be used on the EVSE
itself or otherwise in conjunction with the standard symbol.
Municipal and state regulatory bodies have a wide range of divergent opinions regarding signage,
which will hamper widespread adoption. Some of the divergence will be eroded with time; however, it is
anticipated that multiple options and diversity in requirements will persist for some time. This will
complicate compliance and add to the overall cost of EVSE deployment.
Hosts add another dimension to the process of selection. Their desires are not universal and even for
the same host; preference for signage may be different from one location to another. While there needs to
be some time for host preference and input to play out over time, this will be an easier group to achieve
some level of uniformity. Hosts are under agreements, which can be used to narrow the options. The cost
of individuality can be borne by the host reducing interest in divergence and mitigating the cost impact on
the installer.


5HIHUHQFHV

71. Puget Sound Regional Council | Washington State Department of Commerce, “Plug in America
Web-based Electric Vehicle Consumer Survey,” May 4, 2010.
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6WDWHPHQWRI1HHGConcerns with global climate change, United States reliance on
foreign oil, increasing global demand for petroleum-based fuels, and increasing gas prices, along with the
rapid rise of more fuel-efficient vehicles, are clear motivators in changing consumer preferences and
industry direction toward more fuel-efficient and alternative energy vehicles. Several automotive
manufacturers have successfully introduced a new generation of PEVs and more have announced plans to
launch additional PEVs. CARB mandates that one in seven automobiles sold in California in 2025 will be
electric or zero emission vehicles, which will drive manufacturers to compete to deliver such vehicles.
This illustrates that the future of transportation is being propelled by a fundamental shift to cleaner and
more efficient electric drive systems. These vehicles draw some or all of their motive power from
onboard storage batteries that are recharged from the electric grid. In order for PEVs to be
commercialized, electric charging infrastructure must be deployed. Charging infrastructure must be safe,
financially viable, and convenient.
Conventional wisdom suggests (and early EV Project data confirms) that the primary location for
recharging PEVs will be at the owner’s residence. Extending the range of BEVs and PHEVs will be
important through publicly available and workplace charging. Charging opportunities away from home
increase consumer confidence that they can return home without fully depleting their battery along the
way and thus becoming stranded. The counter to this “range anxiety” is the range confidence provided by
an abundance of available EVSE in locations where the driver is likely to travel.
The rapid adoption of PEVs is likely to depend on the availability of commercially based accessible
charging. However, this statement quickly points out the dilemma that hosts are unlikely to install EVSE
at their retail location without a substantial number of PEVs in use and consumers are not likely to invest
in PEVs without the substantial infrastructure.
There are many proponents of PEVs, but few with the financial resources to implement public
infrastructure. Therefore, when such funds are available, it is important that the location of the public
EVSE be planned to be in the most effective and visible location so that it will be available and used by
the PEV driver. Using EVSE utilization as the key metric, the challenge is to optimize the placement of
the limited number of EVSE within the geographic boundary. One of the stated objectives of The EV
Project is to study business models associated with public EVSE. It is likely that the rapid adoption of
public EVSE has to be via a business model that makes sense to the retail hosts.
The readiness of the initial market areas of The EV Project for the placement of public EVSE
infrastructure varied considerably. Some locations had devoted little or no resources or efforts in the
consideration of public charging, while other locations had significant effort already underway. However,
even in the markets where significant effort had been started, the model did not entirely match those of
The EV Project; especially in the utilization and business sense.
Therefore, it became imperative that a detailed planning effort be undertaken in each of the original
five market areas that focused on the optimized placement of publicly available EVSE. It also was
important to enlist the support of the stakeholder groups that existed in each of the market areas or to
form new stakeholder groups if none existed, because they had excellent knowledge of local conditions
upon which this infrastructure would depend. The EV Project timeline was aggressive; therefore,
planning the location for the public infrastructure and creating a common unified plan with the local
community was determined to be highly desired.


%DFNJURXQG

3UHYLRXV,QIUDVWUXFWXUH'HSOR\PHQWV²EVs made a significant entry into the automotive transportation
market in the mid-1990s with the introduction of the GM EV1, the Ford Ranger EV, the Toyota RAV4
EV, and others. This introduction was relatively short lived and general public adoption did not result. In
Arizona, Edison EV installed the EVSE in residential settings and both Edison EV and Electric
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Transportation Engineering Corporation were in business to install publicly available EVSEs. Edison EV
also installed publicly available EVSEs in California and other locations. State incentives and grants were
available to commercial hosts to offset some of the installation costs. There was no uniform standard for
vehicle charging and automotive manufacturers selected conductive or inductive methods for charging
and each type had several variations. Consequently, charging stations typically required at least two types
of EVSE. A major improvement for consumers in the present environment is the acceptance of a uniform
standard in the conductive connector by SAE in standard J1772. All current and planned PEVs in the
United States will utilize this standard connector.
The typical publicly available EVSE in the 1990s was also the AC Level 2 AC unit. The challenge
then was to find commercial hosts who would participate in the cost of the EVSE and its installation with
no revenue capabilities. Consequently, the strategy for locating units was to find willing hosts. Often the
locations did not match locations where the PEV would normally drive, but the early enthusiasts would
accept that inconvenience. It was not a sustainable model for widespread adoption.
Many of these stations still exist but are not compatible with the J1772 connection standard. Some
locations will be selected for replacement with current equipment and others may wait for future funding
or local host actions.
(90LFUR&OLPDWH$SSURDFK²Award of The EV Project demanded a better approach. A specific
number of publicly available EVSE would be installed in a short period of time and there were no
standardized plans in the market areas for locating these units. Furthermore, it was desirable to build a
local presence and partnership in the selected markets to create synergy in the process. From these points,
the EV Micro-Climate® was created.
The EV Micro-Climate® was designed as a three-step process to identify publicly available charging
locations. The three phases included the following:
x

EV Charging Infrastructure Deployment Guidelines

x

EV Infrastructure Long-Range Plan

x

EV Micro-Climate Plan.

&KDUJLQJ,QIUDVWUXFWXUH'HSOR\PHQW*XLGHOLQHVIn each of the initial market areas, Blink established
an area office staffed with an area manager, field services manager, and office administrator. The area
manager was responsible for establishing a close working relationship with the various stakeholders in the
area and to facilitate the EV Micro-Climate® process.
In each of the project areas, key stakeholders were identified who were highly motivated to support
the widespread adoption of EVs in their region. Additional stakeholders were identified to support
formation of a project SAC (Figure 11-127). Committee participants included members from the local
electrical utility, local city/county agencies, state transportation agencies, universities, EV
enthusiasts/advocates, EV manufacturers, Clean Cities Coalitions, AHJ members, business development
agencies, chambers of commerce, EV associations, and association of governments.
While each of these organizations promoted the adoption of PEVs, their motivation and interests in
accomplishing this varied considerably. The first phase of the Micro-Climate process was to create
synergy and unity in accomplishing the goals of The EV Project. The EV charging infrastructure
deployment guidelines (Figure 11-128) effort was the selected means for accomplishing this.
A draft deployment guidelines document was prepared for review and comment by the local SACs.
This document not only served to provide focus for the stakeholders in the process, but also provides the
foundation for future work. It established a common language concerning PEVs and EVSEs and the
basics related to EVSE installation processes and considerations. Several local decisions are necessary for
the successful deployment of an EVSE, which then encourages further adoption of EVs in the
community. The SACs reviewed and provided comments on the draft guidelines to create the local
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version. It became a public document to which any additional stakeholders and enthusiasts could refer to
understand the local deployment of EVs and charging stations. Typical topics addressed in this document
are general terms and nomenclature, EVSE descriptions, EV descriptions, charging scenarios, permitting,
codes and standards, accessibility, point of sale, EVSE ownership, and utility integration.

Figure 11-127. SAC.

Figure 11-128. Deployment installation guidelines.
After completion of the guidelines document, the SAC then considered long-range planning.
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(9,QIUDVWUXFWXUH/RQJ5DQJH3ODQBy 2020, there will be a variety of PEVs produced by many
original equipment manufacturers and current PEVs will be in their second or third owner; therefore,
PEVs will appeal to all demographic groups. In addition, the adoption of PEVs will spread well beyond
the major metropolitan areas to be generally available everywhere (Figure 11-129). The long-range plan
investigates the quantities of PEVs projected to be introduced into the region and the infrastructure
required to support them. These include those EVSEs in metropolitan areas and along the corridors that
connect those areas. Some EVSEs will be range extenders to allow drivers who live some distance from
metropolitan areas to access the local infrastructure grid.

Figure 11-129. Projected annual PEV sales in Arizona.
Blink presented the SAC a draft of the long-range plan for review and comment. It was intended as a
starting point to develop the near-term strategy for infrastructure deployment of The EV Project and
provide a basis for the direction of future deployment. Many SAC participants were uncomfortable in
addressing deployment plans for the early adopters of PEVs because demographically they represented a
small segment of the population. The EV Project is an infrastructure study and it would make sense to
study how the early adopters use the infrastructure. It would not make sense to install public infrastructure
in locations not frequented by these early adopters. The long-range plan could eliminate this specific
demographic and view the community as a whole. It also could identify the surrounding community
needs, which may not be included in the specifics of The EV Project.
The SAC then could evaluate the impact that PEV demand and local requirements play in
determining whether a location would truly make sense as part of a complete EV ecosystem. The plan
then considered local demographics, traffic patterns, AC Level 2 and DCFC distribution, EV consumer
analysis, and so forth to provide context for the plan. Resources of the SAC (e.g., geographic information
systems, mapping capabilities, transportation data, etc.) were provided in some markets to help execute
this portion of the project. In essence, the plan would represent the expected density of EVSE in the
metropolitan area in the year 2020. The infrastructure density plan for Portland, Oregon (Figure 11-130)
was taken from the long-range EV Charging infrastructure plan for western Oregon.
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Figure 11-130. Portland density distribution of EVSE.
(90LFUR&OLPDWH3ODQFollowing completion of the long-range plan, the EV Micro-Climate® Plan was
established and intended to identify a shorter-term deployment strategy for the first few years of the
long-range plan, in addition to immediate local opportunities, which will result in a specific
location-driven approach to PEV infrastructure deployment. Projections from the long-range plan were
used to predict the rate of PEV penetration and the charging infrastructure needs to support that
penetration in the very near future. Rather than blanket the area with infrastructure by simply finding
agreeable hosts, this plan judiciously evaluated the demographics of the likely innovators and early
adopters of EVs to establish a near-term EV infrastructure. The main objective of this plan was to begin
focusing on specific geographic locations that would identify the optimal placement of publicly available
DCFCs and AC Level 2 EVSE infrastructure in the metropolitan areas and along these corridors. It was
generally thought that a PEV driver would walk approximately a quarter mile from an EV parking
location to their desired destination. The goal then was to establish target zones surrounding the major
destinations and attractions within the specific market area and along the transportation corridors.
From this document, the process of soliciting charging site hosts would commence. If successful, the
hosts would recognize that their location was at an attractive location for PEV drivers and this would
expedite site selection and EVSE infrastructure deployment.
%RXQGDULHV²Specific boundaries around each metropolitan area were required to identify the locations
of qualified participants. Because The EV Project is an infrastructure study, it was determined that the
boundary would be a circle of approximately 45 miles from the city center, which would be sufficient for
a Nissan Leaf driver to drive to and from on one battery charge. From this area, the utilization and
effectiveness of the installed public infrastructure could be measured. Qualification rules were put in
place to select participants only from these selected zip codes and aside from a few participants who were
incorrectly accepted, participants were located in these areas.
For example, the initial markets for The EV Project included Chattanooga, Knoxville, and Nashville
in Tennessee. Later, Memphis was added along with the remaining cities in the state. Consequently, the
boundary became the state of Tennessee. The planning efforts centered on the larger metropolitan areas
and 5-mile circles around the smaller towns.
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The boundary of the long-range plan was specifically selected to be a much larger geographic area
because planning envisioned a much higher population of EVs and a widely spread ownership
distribution. It also included the corridors for DCFC planning (Figure 11-131).

Figure 11-131. Seattle area Micro-Climate local density map.
The boundary of the EV Micro-Climate public infrastructure, on the other hand, was again brought
close to the zip code boundaries, but EVSE were not required to be within the specific boundary. If it
could be shown that the proposed location was a highly desirable destination location, it was approved for
inclusion in the infrastructure. This applied to both the AC Level 2 AC EVSE and DCFCs.
6FKHGXOH²The EV Project was officially launched in October 2009, with infrastructure planning
commencing early in 2010 in parallel with the EVSE design and Underwriter Laboratories certification
testing. Preparation of the Blink Network would also commence in 2010. Installation of residential EVSE
would coincide with the delivery of the original equipment manufacturer PEVs with commercial EVSE
installations to follow once there were a baseline number of residential EVSE in the local community.
Selection of the area managers commenced immediately and the last site was initiated in February
2010. All sites established the local area office and commenced the search for the appropriate SAC
members. All locations commenced the PEV charging infrastructure deployment guideline phase by
March 2010 and the final EV Micro-Climate® plan was completed in November 2010. The overall
planning process was planned and expected to take approximately 8 months.
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2YHUYLHZRI3URFHVV²The EV Micro-Climate® process was set prior to first market area
implementation. Several alternatives were reviewed, including elimination of the long-range plan effort.
However, it was retained in the overall plan. It was also discovered early on that a competitor also
providing EVSE infrastructure had no detailed plan for installation and was soliciting hosts directly. It
was thought that a comparison of the deployed charging stations with the planning efforts versus no plan
would provide valuable insight and a relevant final report lesson learned
The EV Micro-Climate® Plan was discussed during the first quarterly review with DOE; The EV
Project received encouragement to continue the process.
The planning process was rather strictly followed in the initial steps to provide a baseline of
information for later lessons learned. While all areas followed the guideline process fairly directly, some
conflicts were generated early on that led to specific issues.
6WDNHKROGHU$GYLVRU\&RPPLWWHH²In general, formation of the SAC was fairly straight forward.
Members were eager to participate and were enthusiastic about The EV Project. Most of the key
stakeholders knew others who could properly represent other important views and they were successfully
enlisted. All area SACs were enthusiastic and supportive through the guidelines phase.
One area had a particularly difficult time in unifying the SAC. Several key stakeholders in the area
had commenced their own planning efforts prior to the arrival of The EV Project and, while supportive of
the infrastructure planning effort, did not seem to desire the leadership or direction provided by The EV
Project. Part of this issue was based on personality conflicts. The issues were later resolved and a good
working relationship was formed.
As expected, the various SAC members had their own motivations and focus for deployment of
EVSE. In some locations, no progress had been accomplished on any EVSE infrastructure planning.
Many SAC members contributed significant effort and the efforts of their organizations to assist in
planning efforts. Some contributed geographic information system planning efforts, while at other sites,
geographic information system was not used or paid separately by The EV Project.
As planning progressed into the long-range plan effort, many stakeholders felt they had little or no
expertise to contribute but retained interest and enthusiasm through its completion. By the time the EV
Micro-Climate® plan was in progress, many SAC members were weary of the meetings. One market area
decided to skip the long-range plan to focus directly on the local placement of EVSE as provided in The
EV Micro-Climate® plan.
Some SAC members objected to the long-range planning efforts following the deployment guideline
phase and desired to immediately start enlisting EVSE hosts.
Most SACs disbanded following completion of the EV Micro-Climate plan. In one location, the
group was reformed under a different lead facilitator in a new assignment related to EVs. Another region
met on an ad hoc basis for status updates, while a third region continued to meet on a regular basis.
Overall, the SAC was an appropriate planning approach. Extremely valuable information and support
was provided by the local members. Their involvement was also valuable in soliciting charging site hosts
and promoting public education and information.
'UDIW'RFXPHQWDWLRQ²Providing the SAC with draft documents to review and comment was a valid
approach. It would have been extremely difficult to complete the three distinct phases in the short period
of time if a focused document were not available. Most SAC members appreciated the effort and
information provided by the draft documents and supported the general approach and unified approach
between the various EV Project markets. The EV market projections through 2020, as presented by The
EV Project, were generally validated by the local SACs, although one market area decided not to publish
the information as being too speculative.
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:LGHVSUHDG,VVXHV²The deployment guidelines document addressed signage as an issue that required a
unified response. It was determined early on that it did not want to direct or suggest a unified symbol for
signage. It became apparent early on that there was going to be wide disagreement on any selected
signage. Every symbol that was presented was disliked by several of the SAC members in several market
areas. In one area, a symbol that was copyrighted was suggested, which would have led to royalties paid
to the owner. The Department of Transportation for the states of Washington and Oregon submitted a
request for the Federal Highway Administration to consider an EV charging general service symbol,
which existed in the 2009 Edition of the Manual of Uniform Traffic Control Devices. The Federal
Highway Administration responded with interim approval of the symbol shown in Figure 11-132.

Figure 11-132. Federal Highway Administration interim approved symbol.
Another issue identified in the deployment guidelines document was public charging accessibility by
persons with disabilities. The position that was suggested in the guidelines draft was found to be
incompatible with some local thinking and one area promoted a deeper development of the issue and
solution. More information on this topic is included in the accessibility at public EV charging locations
lessons learned paper.
Following publications of the deployment guidelines in the market areas, SAE and the National
Electric Code revised the charging nomenclature for the various charging levels. The current designations
are shown in the J1172 EV and PHEV conductive charge coupler standard by SAE (see Table 11-36).
Table 11-36. EVSE circuit ratings.
AC Charging
Circuit Rating: 120 VAC, Up to 16
Amps Power: <1.92 kW

AC Level
DC Charging
1
Circuit Rating: 200 to 450 VDC, Up to 80
Amps Power: <36 kW

Circuit Rating: 240 VAC, Up to 80
Amps Power: <19.2 kW

2

Circuit Rating: 200 to 450 VDC, Up to 200
Amps Power: <90 kW

To be determined

3

To be determined

The electric utilities became interested in several topics first introduced in the deployment guidelines.
Among these was the possibility of clustering. It was thought that if an EV owner displayed and discussed
with neighbors the desirability of the PEV and promoted The EV Project benefits, several other people in
that neighborhood would buy a PEV, creating a higher demand on the local distribution transformer.
Methods were put in place for The EV Project to inform the electric utility when participants were
selected for The EV Project. In addition, utilities requested the original equipment manufacturers provide
this information when possible. Questions of customer privacy were raised and for The EV Project,
permissions from the participants were obtained before providing this information.
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/RFDOO\'HWHUPLQHG7RSLFV²Mapping programs can provide significant insight into infrastructure
deployment plans. The role of the geographic information system capabilities was left to the local SACs
to discuss and utilize as desired. Two of the areas used relatively simple laptop mapping programs, while
others developed very sophisticated geographic information system mapping layer strategies. In two of
these three areas, the geographic information system support was donated by members of the SAC, while
The EV Project paid for the service in the third market area. Those resulting geographic information
system maps provided excellent visibility and a highly professional look to the long-range plan and the
EV Micro-Climate® plan. The maps generated by the laptop program were also very effective in
communicating the plans but lacked the visual clarity the others provided.
Encouraging the SAC to assist in promotion of the adoption of EVs, The EV Project was left to the
individual markets. In some areas, the SAC was very active in promoting public education and outreach,
conducting hosting partner forums, displays, and other public events. In other areas, no action was taken
by the SAC as a whole, but was left to individual members.
6LWH6HOHFWLRQ*XLGDQFH²The EV Project provided significant resources in the market areas for EV
infrastructure. There may be competing interests in the location of these resources between local interests
and the requirements of The EV Project. The following was provided as a guide for site selection to fulfill
the requirements of The EV Project.
The EV Project provides the resources to develop an infrastructure and study the infrastructure
deployment and driver behavior in order to learn lessons from this study and refine the deployment
methodology. The installed infrastructure must support project objectives. To do that, the following areas
must be considered:
'DWD&ROOHFWLRQ
x

Matching Data: Data collection is vital to success of The EV Project. Data from The EV Project
EVSE is matched to the participant’s vehicle data by INL to be considered valid and used by The EV
Project. Data from The EV Project EVSE that do not match a participant vehicle is not used and,
likewise, data from a participant’s vehicle that does not match an EV Project EVSE is not used. This
means: EV Project EVSE should be placed where it is likely to be used by the participant’s vehicle.
Participant demographics must be considered in this placement. These demographics include where
the likely buyer will live, work, or frequent as a destination. It is expected that the participants
(i.e., early adopters) will be of higher than average income, college, and education, and slightly older
than the average driver (i.e., 45 years and above). It is also expected that the demographics will
closely match hybrid vehicle owners. They will own their own home or condo and will own two or
more vehicles.

x

High Use: Site selection should favor those areas where the use of the EVSE will be frequent
throughout the day and evening; weekday and weekend.

x

Special Project: Some of the EVSE will be placed specifically to support special projects and data
collection of The EV Project. Those will be identified specifically. Workplace or employer EVSE
(fleet) are examples and will be evaluated individually.

/RQJ5DQJH3ODQ
x

Local stakeholders should provide input into the long-range plan. Some areas have done significant
work already on this subject. Where possible, that input should be considered.

x

Placement of The EV Project EVSE should support locations identified in the area’s long-range plan.

x

Placement of The EV Project EVSE should consider leveraging of these free units for additional units
by the retailer. For example, two units provided by The EV Project yield additional units purchased
for use. For local companies, these new locations should be supportive of the long-range plan.
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x

Demographic data analyzed in the long-range plan (i.e., traffic patterns) should also support location
of EV Project EVSE.

8WLOLW\&RQFHUQV
x

Placement of publicly available EVSE will be of interest to the electric utility, especially in the case
of DCFC. Electric utilities should be given an opportunity to review placement with respect to their
local grid capabilities.

x

Clustering of residential EVSE is another concern to the electric utility. While there is no control over
who will obtain a PEV, The EV Project should provide as much information about residential EVSE
installations as soon as possible within the privacy guidelines.

%XGJHW
x

The cost of each AC Level 2 AC and DCFC are fairly rigid in The EV Project budget. There is little
room for adding more equipment in each area and for substituting more expensive EVSE in the
budget.

x

The cost for installation of AC Level 2 and DCFC are fairly rigid in The EV Project budget. Simple
installations for residential and commercial EVSE will be the norm. Additional costs for service
upgrades cannot be borne by The EV Project.

x

Special projects are budgeted items and there is little room for additional projects. However, savings
in some areas might allow projects of significance to be undertaken.

x

Expenditures in the placement and installation of EVSE must be directly tied to The EV Project
objectives.

x

Vendors and subrecipients must abide by DOE contract requirements.

6FKHGXOH
x

The schedule of The EV Project is fixed. Placement of EVSE must support this schedule. Locations
where future PEV penetration might occur do not support this schedule or data collection
requirements.

x

EV Project partners providing locations for EVSE placement can assist in meeting the schedule; these
locations need to meet the provided guidance provided.

9LVLELOLW\
x

A strong effort should be made to locate EVSE in a highly visible location. While perhaps not the
prized location with respect to the business entrance, the EVSE should be in a location easily noticed
by others entering the business.

x

Signage should be included at each location to assist those not familiar with EVs to recognize the
purpose of the station.

0RWLYDWLRQV²In the early planning stages, it was assumed that all SAC members would be in agreement
with the siting philosophy of The EV Project. Recall that one of the stated objectives of The EV Project is
to study business models associated with public EVSE. It is likely that the rapid adoption of public EVSE
would be via a business model that makes sense to retail hosts. Consequently, the guidelines for The EV
Project in site selection were provided to the area managers. Some SAC members had different
motivations for site selection.
This is not intended to point out that other motivations are wrong or incorrect, but that some
motivations can be in conflict. A lesson learned is to ensure that the motivations are clearly identified at
initiation of the planning process. In most cased noted below, exceptions were made to The EV Project
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placement guidelines to accommodate motivations of the SAC members. These locations will be studied,
along with the other sites selected for utilization and lessons learned prepared accordingly.
8WLOLW\2ZQHUVKLS0RGHOVIn some market areas, the electric utility had plans to own and operate public
infrastructure. Cost was planned to be rate-based (i.e. the costs would be borne by all rate payers in the
service territory to provide service in the public good). In this way, access to the EVSE could be provided
to all and the fee for service could be at no cost or as determined by the rate case. With EVSE ownership,
the utility would also be responsible for placing the units and a long-range and micro-climate plan would
be unnecessary. By the terms of The EV Project, the project needs to retain ownership of the publicly
available EVSE for the duration of the project to ensure data collection and transmittal. In addition, this
utility plan has obvious motivational conflicts with the goals of The EV Project, where business models
are required.
While this subject has been raised to some public utility commissions, during the early stages of The
EV Project, no public utility commission had yet agreed with the electric utility ownership model.
3XEOLF0HVVDJLQJIn some market areas, great emphasis is placed on alternative transportation methods.
Some SAC members saw that placement of public EVSE could support these promotions and lobbied for
specific locations that are transition points for public transit. Such places could include park and ride
locations or long-term parking at airports. While the location can emphasize and promote the public
transit modes, the location is not suitable for business models in that it would be likely that one vehicle
would park at the EVSE all day when only a short time would be required to recharge the battery;
therefore, the EVSE would receive no other use.
3URMHFWV6KRZFDVLQJIn one market area, it was desired to showcase EV charging in a public venue and
several EVSE suppliers were requested to provide EVSE for this location. A significant concentration of
EVSE then occurred, which provided a great visual message. However, it would be many years before
utilization would approach the business models desired by The EV Project.
3ROLWLFDO0RWLYDWLRQSome municipal government members of the SAC had a strong desire to place
public EVSE at government facilities such as city hall or public libraries. Many of the early adopters of
EVs are politically active and the reasons for this placement seemed more political than showing concern
with high utilization.
3XEOLF,PDJHSome organizations and universities appeared interested in hosting publicly available
EVSE at their facilities because of the image it would convey to others. However, placing EVSE in a
student parking area at a university may not be a good place if utilization is the desired goal. Some
businesses also seemed to desire EV Project EVSEs for their location to promote a public image.
However, the location was truly limited to employees and access to the public was difficult or not
available.
:RUNSODFHAt initial scoping discussions for The EV Project, it was determined that public charging
would require general access by the public for most of the day. Some locations were rejected because they
did not provide this access. It was later determined that the placement of a limited number of EVSE in the
workplace environment could have some value in the overall evaluation of infrastructure and specific
project areas were established for study.
5ROHVDQG5HVSRQVLELOLWLHV'RFXPHQWDWLRQIRUWKH6WDNHKROGHU$GYLVRU\&RPPLWWHH²The SAC was
organized without specific guidance on their roles and responsibilities, including any support actions that
may be required from their respective home offices. In many cases, members volunteered the support that
was desired, but at other times, the members attended or called into meetings without providing support
or ideas. A clearer “job description” could have been provided that outlined the expectations of their
participation, including the length of the project, the number of meetings and other support required and
the specific stages of the project. A clear understanding of the SACs function, if any, following
completion of the project would have been desirable.
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0DUNHW$GGLWLRQV²When The EV Project was expanded to include the Chevrolet Volt and the cities of
Los Angeles, San Francisco, Dallas/Ft Worth, Houston, Memphis, and Washington D.C., there was
insufficient time to conduct detailed planning activities, because these areas needed to move immediately
into charging site host selection. At first, it was thought these areas would not receive public
infrastructure as an additional source of study. The question arose if participants behavior would be
different between areas where a substantial infrastructure existed and those where it did not. Certain areas
were allowed to proceed with some infrastructure, mostly in support of workplace or fleet charging while
still retaining some areas with no public infrastructure.
(IIHFWLYHQHVVRIWKH3ODQQLQJ(IIRUW²One of the key elements of the EV Micro-Climate® planning
process is the actual plan for seeking public charging hosts. It was originally thought that The EV
Project’s offer to charging site hosts would be attractive enough that significant effort would not be
required to enlist sites. This was not the case, because it was not always possible to follow the EV
Micro-Climate® plan for placement of EV Project assets. Site host market acceptance for offering EV
charging was a significant factor for final charger placement. Therefore, most of the market areas will
complete installation phase of The EV Project with public EVSE installed in locations that may not
coincide with the plan. Part of the final evaluation of the effectiveness of the overall planning effort will
be to evaluate utilization and performance of all the EVSE to determine if the planning effort contributed
to successful placement of EVSE.


5HFRPPHQGDWLRQ&RQFOXVLRQ

2YHUDOO&RQFOXVLRQ²As noted above, the following objectives were identified for the EV
Micro-Climate® planning process:
x

Create a local presence in the market area

x

Establish leadership in the market area

x

Establish relationships with key stakeholders in the community

x

Create a synergistic focus for stakeholders already interested/involved in PEV promotion

x

Establish a common ground for nomenclature and discussion

x

Identify specific areas that require local action in the deployment of EVSE

x

Create a plan for placement of EVSE

x

Communicate regularly with stakeholders, area government, and potential hosts

x

Message potential hosts the benefits they might accrue with the placement of EVSE.

The plan was effective in accomplishing all of these objectives. The area manager was quickly
recognized in the community as The EV Project spokesperson. Focusing the SAC on the PEV charging
infrastructure deployment guidelines created synergy to gain momentum in the planning process. The area
manager, as facilitator and provider of the draft documents, was the recognized leader who was required
to keep the overall planning process to the 8 to 9-month timeframe.
'RFXPHQWDWLRQ²This process was approached in three specific phases; it was intended that the
documents approved in the process would signal completion of that phase. The following documents were
generated:
(9&KDUJLQJ,QIUDVWUXFWXUH'HSOR\PHQW*XLGHOLQHVThis document was approved locally by the SAC
and made a public document. Copies of this document for Phoenix, Arizona; Tucson, Arizona; Central
Puget Sound Area (Seattle, Washington); Portland, Salem, Corvallis, and Eugene Oregon; the state of
Tennessee; and San Diego, California are posted on The EV Project website
(http://avt.inel.gov/evproject.shtml). Credits to the support of the SACs are included in the documents.
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/RQJ5DQJH(9&KDUJLQJ,QIUDVWUXFWXUH3ODQVThis document was approved locally by the SAC and
made a public document. Copies of this document for Arizona, western Oregon, Tennessee, and San
Diego, California are posted on The EV Project website. Some of the information used in the creation of
these documents was considered proprietary to Blink; therefore, the unclassified versions were posted.
Again, credits to support of the SACs are included in the documents.
(90LFUR&OLPDWH3ODQVThis document was approved locally by the SAC and made a public document.
The documents for Arizona, Oregon, Tennessee, Central Puget Sound and Olympia Areas of Washington
State, and San Diego, California are in final tech review and the unclassified versions will be posted on
The EV Project website.
7LPHDQG6FKHGXOH,PSDFW²The overall planning process was found to be an 8 to 9-month process.
This did not add time or cost to The EV Project because it was conducted in parallel with the equipment
design and build functions of the project. The final EV Micro-Climate® planning phase was completed
coincident with the availability of residential Blink EVSE and delivery of the first Nissan LEAF vehicles.
This also preceded delivery and installation of the first publicly available EVSE by approximately
6 months.
)XWXUH:RUN²Following the work completed in the initial five market areas, The EV Project has
proposed the same or similar planning process in several other areas. Work is in progress, or has been
completed, in many areas at the time of this writing with very favorable reviews. This is seen as an
endorsement of this overall planning process. Improvements to the process are proprietary and are not
identified here.
Micro-Climate reviews are not limited to The EV Project or even solely to government. There are a
number of examples of private application of Micro-Climate reviews that could be successfully applied.
Some community organizations have already shown interest and discussions have begun with large
industrial facilities. It is anticipated that as the housing market picks up, developers of large planned
communities will begin applying Micro-Climate within their site plans.

 7KH(93URMHFW3OXJ,Q(OHFWULF9HKLFOH*DVROLQHDQG&2
6DYLQJV&DUERQ&UHGLWVDQG*UHHQKRXVH*DVHV
 (93URMHFW*DVROLQHDQG&26DYLQJV([WUDSRODWHG1DWLRQDOO\

6LQJOH(93URMHFW3OXJ,Q(OHFWULF9HKLFOH*DVROLQH6DYLQJVThis section takes a
look at the amount of petroleum that was avoided by Leaf and Volt drivers in The EV Project. It also
extrapolates the petroleum savings to the national fleet of light-duty vehicles, on a percentage
replacement basis.
A previously developed EV Project lessons learned paper titled, “How many electric miles do Nissan
Leafs and Chevrolet Volts in The EV Project travel?” (see Section 11.6.1) identified the monthly eVMT
for the Leafs and Volts in The EV Project (see Table 11-37). Because the Leaf can only be driven in
electric mode, all of the Leaf miles are eVMT. The Volt can be driven in both EVM and ERM (i.e.,
during which its ICE uses gasoline).
If we concern ourselves with eVMT and the amount of petroleum reduction that can be associated
with eVMT, we can estimate the petroleum savings associated with BEVs and PHEVs (when charged and
driven in EVM). There are cradle-to-grave issues with electricity generation and petroleum extraction and
refining; however, this discussion is limited to vehicle-specific petroleum reduction potential.
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Table 11-37. Total number of vehicles, monthly miles driven, monthly eVMT, and monthly miles driven
with gasoline for the two PEV models in The EV Project.
EV Project Monthly Miles Monthly
Monthly Miles
Vehicles
Driven
eVMT
Driven Gasoline
Leafs
5,789
808.1
808.1
NA
Volts
2,023
1,019.8
759.3
260.5
7,812
Source: How many electric miles do Nissan Leafs and Chevrolet Volts in The EV Project
travel? http://avt.inel.gov/pdf/EVProj/eVMTMay2014.pdf

If it can be assumed that the 7,812 Leafs and Volts in The EV Project eVMT study were driven year
round, they would accumulate 75 million eVMT annually (Table 11-38).
Table 11-38. Monthly eVMT is used to calculate the equivalent annual eVMT.
EV Project Annual Miles Annual
Annual Miles
Total Equivalent
Vehicles
Driven
eVMT
Driven Gasoline
Annual eVMT
Leafs
5,789
9,697
9,697
NA
56,135,933
Volts
2,023
12,238
9,112
3,126
18,433,576
74,569,509
Table 11-39 provides the basis that was used by INL to develop the methodology behind DOE’s
eGallon tool, which provides users with the cost of fueling a vehicle with electricity compared to a similar
vehicle that runs on gasoline. The eGallon website provides results for individual states
(see http://energy.gov/maps/egallon). Vehicles comparative to the Volt (Chevrolet Cruze) and to the Leaf
(Nissan Versa) were established (Table 11-39) to support the methodology for the eGallons tool.
Table 11-39. PEV and equivalent ICE vehicle use of fuel developed and used for DOE’s eGallon tool.
2013 Fuel
2013 Fuel
kWh/100
Economy Guide
Combined
Economy Guide
Miles
Page
ICE Model
MPG1
Page
PEV Model
Combined1
4
Chevrolet Volt
35
P. 26
Chevrolet Cruze
30
P. 12
Ford Focus EV
32
P. 25
Ford Focus5
31
P. 10
Honda Fit EV
29
P. 25
Honda Fit6
30
P. 15
Nissan Leaf
35
P. 11
34
See Note 2
Nissan Versa7
(2012)2
Average3
32.50
Average8
31.50
1. Model Year 2013 Fuel Economy Guide http://www.fueleconomy.gov/feg/pdfs/guides/FEG2013.pdf.
2. The 2013 Nissan Leaf data were not available in the model year 2013 Fuel Economy Guide. Instead, the 2012 data from the 2012
Guide were used.
3. Average (mean) (35 + 32 + 29 + 34) / 4 = 32.50 average kWh per 100 miles.
4. Chevrolet Cruze A-S6, 1.4L, 4 cyl.
5. Ford Focus AM-6, 2.0L 4 cyl.
6. Honda Fit A-S5, 1.5L, 4 cyl.
7. Nissan Versa AV, 1.6L 4 cyl.
8. Average (mean) (30 + 31 + 30 + 35) / 4 = 31.50.

Using the Table 11-39 results to populate the equivalent vehicle mpg, the annual calculated gasoline
gallons saved can be calculated. The Volts and Leafs in The EV Project would save 2.2 million gallons of
gasoline per year and 44 million pounds of CO2 on annual basis (Table 11-40). The CO2 savings analysis
is based on the 2013 Fuel Economy Guide (see page 3, ninth paragraph, “Every gallon of gasoline your
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vehicle burns puts about 20 pounds of CO2 into the atmosphere,” at
https://www.fueleconomy.gov/feg/pdfs/guides/FEG2013.pdf).
Table 11-40. Annual gasoline gallons saved each year by vehicles in The EV Project.
Annual Pounds of CO2
Total EV Project Equivalent
EV
Vehicle
Annual Calculated
Annual Total
Avoided at 20 Pounds
Project
MPG
Gasoline Gallons Saved CO2 per Gallon Avoided
eVMT
Vehicles
Leafs
5,789
56,135,933
35
1,603,884
32,077,680
Volts
2,023
18,433,576
30
614,453
12,289,060
Totals
7,812
74,569,509
2,218,331
44,366,740
Using the combined eVMT of Leafs and Volts in Table 11-38, average eVMT for our sample vehicles
would be 9,405 eVMT annually ((9,697 + 9,112) / 2). Using the average mpg of all four models in Table
11-39, we get an average of 31.5 mpg. Dividing this into our 9,405 eVMT for EV Project PEVs, a single
PEV would save on average 299 gallons of gasoline annually (Table 11-41). Taking this one step further,
a PEV would avoid the generation of 5,980 pounds of CO2. (It is assumed for national calculations, not all
PEVs will be Leafs and Volts).
Table 11-41. Annual gallons of gasoline saved annually by driving a PEV.
Number
of PEVs
1

Average Annual eVMT of a
Combined Technology PEV
9,405

Average
MPG
31.5

Annual Gallons of
Gasoline Avoided
299

Annual CO2 Avoided
at 20 Pounds CO2 per
Gallon Avoided
5,980


1DWLRQDO3RWHQWLDO3OXJ,Q(OHFWULF9HKLFOH*DVROLQHDQG&26DYLQJV:KHQ
3OXJ,Q(OHFWULF9HKLFOHDUH8VHGThe most recent data from the U.S. Department of Transportation
lists 183,171,882 vehicles as the total number of light-duty, short-wheel base vehicles in the United States
(as of 2012). This appears to be the most reasonable citable estimation of vehicles that light-duty PEVs
are capable of replacing. This information comes from:
http://www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/publications/national_transportation_statistics/html/
table_01_11.html and will be used to estimate the potential annual gallons of gasoline and pounds of CO2
that can be avoided if PEVs are used for transportation instead of an ICE vehicle. Again, the CO2 savings
analysis is based on the 2013 Fuel Economy Guide.
As a reference, Electric Drive Transportation Association states that 357,768 PEVs have been sold in
the United States since 2010. (EDTA Electric Drive Market Snapshot: August 2015. See:
http://electricdrive.org/index.php?ht=d/sp/i/20952/pid/20952). Therefore, if we very conservatively
estimated that 304,103 (85% of all light-duty, short-wheel base vehicles) of the PEVs are still in
operation, and they would have been driven 2.9 billion eVMT (304,103 x 9,405), and the use of
approximately 91 million gallons of gasoline (2,860,088,715 / 31.5) can be avoided annually if the PEVs
in the United States are recharged by drivers in a manner similar to The EV Project Volts and Leafs. The
generation of 1.8 billion pounds of CO2 would also be avoided annually (90,796,407 x 20).
Table 11-42 details the gasoline use and the generation of tailpipe CO2 that could be avoided if
various percentages of light-duty vehicles in the United States were replaced by PEVs with similar
charging and driving patterns as the PEVs driven by the general public in The EV Project.
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Table 11-42. Annual gallons of gasoline and CO2 that can be avoided if various percentages of the
183,171,882 total short-wheel base, light-duty vehicles in the United States were replaced by light-duty
PEVs and recharged in a manner similar to The EV Project Volts and Leafs.
Annual Pounds CO2
Annual Gallons
Average Annual
Avoided at 20 Pounds
Percentage of U.S.
of Gasoline at
eVMT Miles at
CO2 per Gallon Gasoline
Light-Duty Vehicles
Number of
31.5 Avoided
9,405 Miles/Year
Replaced by PEVs
PEVs
Avoided
183,172
1,722,731,550
54,689,890
1,093,797,810
0.10%
228,965
2,153,414,438
68,362,363
1,367,247,262
0.125%
274,758
2,584,097,325
82,034,836
1,640,696,714
0.15%
366,344
3,445,463,100
109,379,781
2,187,595,619
0.20%
457,930
4,306,828,876
136,724,726
2,734,494,524
0.25%
915,859
8,613,657,751
273,449,452
5,468,989,048
0.5%
1,373,789
12,920,486,627
410,174,179
8,203,483,572
0.75%
1,831,719
17,227,315,502
546,898,905
10,937,978,097
1%
3,663,438
34,454,631,004
1,093,797,810
21,875,956,193
2%
9,158,594
86,136,577,511
2,734,494,524
54,689,890,483
5%
18,317,188
172,273,155,021
5,468,989,048
109,379,780,966
10%
45,792,971
430,682,887,553
13,672,472,621
273,449,452,414
25%
91,585,941
861,365,775,105
27,344,945,241
546,898,904,829
50%
137,378,912
1,292,048,662,658
41,017,417,862
820,348,357,243
75%
183,171,882
1,722,731,550,210
54,689,890,483
1,093,797,809,657
100%

6XPPDU\PEVs have significant potential as a light-duty vehicle transportation option to
reduce both petroleum consumption and tailpipe emissions if they are utilized (i.e., charged and driven) in
a manner similar to The EV Project PEVs. It was demonstrated by The EV Project PEV drivers that they
can achieve the high levels of eVMT required to achieve these benefits. If just 10% PEV market
replacement occurred, there would be 18.3 million PEVs on the road in the United States, and these PEVs
would avoid the use of 5.5 billion gallons of gasoline and the generation of 109 billion pounds of CO2.

 +RZ0DQ\RI&DOLIRUQLD¶V/RZ&DUERQ)XHO6WDQGDUG&UHGLWVZHUH
*HQHUDWHGE\8VHRI&KDUJLQJ,QIUDVWUXFWXUH'HSOR\HG'XULQJ7KH(9
3URMHFW"

,QWURGXFWLRQIn January 2007, Governor Schwarzenegger issued an Executive Order to
enact LCFS credits in the State of California. This standard calls for reduction in the carbon intensity of
California’s transportation fuels, including tailpipe emissions and all other associated emissions from
production, distribution, and use of transport fuels within the state. CARB established regulations for
meeting the target of reducing carbon intensity by at least 10% by 2020.
LCFS includes emissions trading as a means for the state of California to meet its overall emissions
objective. Credits are earned for emissions reduction and these credits can be sold to entities that need
credits in order to comply with regulation.
By providing a lower-carbon fuel, relative to gasoline, The EV Project’s charging stations, also
identified as EVSE, earned an LCFS credit for each metric ton of CO2-equivalent emissions avoided.
Although generation of LCFS credits was not a named objective of The EV Project, it is another
means of generating revenue for EV service providers. This section provides an overview of the
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regulation as it applies to electricity used as a transportation fuel, how LCFS credits were earned, and
their value.
This section is not intended to provide an explanation of California’s LCFS Program. Details of this
program can be found on CARB’s website at http://www.arb.ca.gov/fuels/lcfs/lcfs.htm.


.H\&RQFOXVLRQV

x

As an EV service provider dispensing electricity as a transportation fuel in California, the charging
infrastructure deployed in The EV Project was eligible to generate LCFS credits.

x

The EV Project dispensed over nine gigawatt hours of energy that were eligible for LCFS credits.

x

The measure of LCFS credits is megatons of CO2 averted. The EV Project generated over
5,500 credits (megatons).


'DWD$QDO\]HGIn order to earn LCFS credits for electricity provided as a transportation
fuel, an EVSP must be able to quantify the kilowatt hours of energy that were dispensed as transportation
fuel. The Blink smart EVSE measures the amount of electricity (in kWh) dispensed as transportation fuel
using its integral, revenue grade meter and network connectivity. It transmits this use data via the internet
or a cellular data network to a central database.
These EVSE energy data were transmitted to INL as part of The EV Project. Data experts at INL then
captured the relevant charge data from each EVSE operating in California and reported it to EV Project
management, who in turn reported it to CARB via their online LCFS reporting tool.

$QDO\VHVThe LCFS regulation refers to entities who supply electricity through EVSE as
regulated parties. By providing a lower-carbon fuel relative to gasoline, regulated parties can earn an
LCFS credit for each metric ton of CO2 equivalent emissions avoided through use of electricity—a
transportation fuel with a much lower carbon intensity (as defined in the regulation) than the 2020
standard specified in the LCFS regulation.
When LCFS was first established for regulated parties, ambiguous language in the regulation allowed
both electric utilities and non-utility EVSE providers to earn credits for EVSE used in single-family and
multi-family homes.
In January 2013, the regulation was amended to state that electric distribution utilities would be
recognized as the regulated party for single-family and multi-family residences. It also clarified that the
regulated party for publicly accessible EVSE would be either the third-party non-utility EV service
provider or the electric distribution utility that installed (or contracted the party who did the installation
of) the publicly accessible charging equipment.
At its outset, the regulation allowed The EV Project to claim credits for use of both residential and
publicly accessible charging stations that it had deployed as part of the project. However, with
amendment to the regulation, The EV Project could only claim credits in 2013 for use of charging stations
it deployed outside of single-family and multi-family residences. Figure 11-133 shows the energy
dispensed for 2011 through 2013 that was eligible for LCFS credit. The effect of the amendment at the
start of 2013 is very apparent in the graph.
The EV Project, as the regulated party, did not generate carbon emissions; therefore, all credits
accumulated could be sold to carbon emitters who were subject to LCFS.

'LVFXVVLRQRI5HVXOWVThe process for accumulating and accounting for LCFS credits
utilized the capabilities of the Blink smart charging unit and network. The Blink AC Level 2 and DCFCs
measure energy dispensed by each charging unit with its onboard meter, transmitting information to a
Blink database and, ultimately, to the data center at INL via a wired internet connection or a cellular
network. INL data experts tally and report to EV Project management the results of EV charging with the
project’s EVSE on a quarterly basis. These data were submitted as a total number of kWh in the quarter to
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the CARB via its LCFS reporting tool. This tool calculates metric ton of CO2e avoided and accumulates
the associated LCFS credits earned from the charging activity.

Figure 11-133. Energy dispensed during The EV Project that was eligible for California’s LCFS credits.
The credits (and metric ton of CO2e avoided) accumulated based on use of charging infrastructure,
which increased in numbers each quarter as more infrastructure was installed by The EV Project.
The quarterly credits and metric ton of CO2e avoided can be seen in Figure 11-134. Accumulation
over The EV Project can be seen in Figure 11-135. By the end of 2013, The EV Project had accumulated
5,618 LCFS credits, representing 5,618 megatons of CO2e avoided.

Figure 11-134. Megatons of CO2e avoided per quarter during The EV Project per California ARB LCFS
calculations.

Figure 11-135. Cumulative megatons of CO2 averted through use of EV Project charging infrastructure.
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0DUNHW3ULFHIRU/&)6&UHGLWVLCFS credits can be transferred (sold) to other
regulated parties. These other regulated parties can use the credits obtained to meet their regulatory
requirements to reduce the carbon intensity of the transportation fuel they produce or distribute. These
credits are exchanged between regulated parties either directly or through commodity brokers operating in
California.
Three important factors governed these transactions: (1) an agreed price for the credits exchanged,
(2) evidence of fuel dispensed to generate the credits that satisfied the buyer, and (3) recording transfer of
credits within CARB’s LCFS system.
Because this is a transfer between two parties voluntarily agreeing on a price for the transfer, the
value of the LCFS credits is subject to market conditions. Supply and demand plays a large part in the
prices paid for the credits. Figure 11-136 demonstrates the variation in the average price per credit
according to reports found on CARB’s LCFS website. However, these averages show only a portion of
the fluctuation in prices paid for credits.

Figure 11-136. Average price paid per LCFS by calendar year.
Although the average was $17, reports from CARB state that the prices paid for credits in 2012 varied
from $10 to $31 per credit.
When examining prices in a bit more detail, Figure 11-137 shows the quarterly averages for 2013 and
2014. LCFS credit prices increased from an average of $17 per credit in 2012 to $75 to $85 per credit in
November 2013 and dropped to around $50 per credit in December 2013.

Figure 11-137. Average price paid for LCFS credits by quarter in 2013 and 2014.
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The price rise shown in Figure 11-137, which tripled over the course of 2013, stabilized in 2014.
CARB reported in its April 2014 LCFS trading activity report that the price range for credits bought and
sold in the month ranged from $18 to $54, which compared with $30 to $85 in March. For the year 2014,
the average price was $31.
Price stabilization in 2014 was likely due to proposed controls on the credit prices and reports that
excess credits had been generated (increasing supply) at the same time that California was on schedule to
deliver the 10% reduction in carbon intensity by 2020.

&RQFOXVLRQAmongst The EV Project’s objectives was examination of additional
revenue and value streams for away-from-home charging.
The EV Project, which was an EV infrastructure study, assumed that on its own the sale of electricity
at away-from-home locations could not sustain the installation and operating costs of the charging
stations. Either the price of this electricity would be too high to attract sufficient use or the credit price
would be too low to cover the cost to install and operate the charging infrastructure. Without additional
value propositions, the low cost of charging at home would keep EVs tethered to their overnight parking
location.
In California, the sale of LCFS credits proved to be one way of adding value for EV service providers
and supporting their business plans to establish a sustainable commercial charging business.
In February 2014, Blink transferred all 5,241 LCFS credits it had accumulated for $213,640 ($40 per
credit).


5HIHUHQFHV

72. LCFS regulation, reports, and notifications cited in this paper came from the CARB website at
http://www.arb.ca.gov/fuels/lcfs/lcfs.htm.

 *UHHQKRXVH*DV$YRLGDQFHDQG&RVW5HGXFWLRQ
Authors Note: This section was originally published in June 2012 and the scope of The EV Project
changed somewhat after June 2012. The section is a partial reproduction of the June 2012 lessons learned
white paper and it includes the status of The EV Project Scope as it was in June 2012.

,QWURGXFWLRQThe EV Project involves installation of and usage data collection from
nearly 14,000 residential and publicly accessible PEV charging infrastructure units. These units will
support deployment of vehicles by Nissan North American and GM in their partnership with The EV
Project. Nissan North America will deploy up to 5,700 Nissan LEAF EVs and GM will deploy up to
2,600 Chevrolet Volt PHEVs. The objective of The EV Project was to collect usage data from the
deployed EVSEs to elucidate the charging behavior and habits of users and motivations and hindrances to
EVSE and PEV ownership. To this end, it is important to consider the various factors that a prospective
PEV owner will weigh when deciding to purchase a vehicle.
The benefits of EVs (and PHEVs, when in all-electric mode) include zero tailpipe emissions and
reduction in costs for refueling. However, there are pervasive myths surrounding EVs that suggest the
avoided tailpipe emissions are simply transferred to the power plant and that the reduced fuel costs are
balanced by the cost of electricity to charge the batteries.
A report by the Union of Concerned Scientists examined this issue in detail [73]. The report
compared the various grids throughout the United States and calculated how the GHG emissions of an EV
would compare with ICE vehicles in the regions. The comparisons gave rise to three categories for how
EVs fared: “Good,” “Better,” and “Best.” These categories correspond to vehicles with the following fuel
economies, respectively, 31 to 40 mpg, 41 to 50 mpg, and greater than 50 mpg. The report states that 45%
of the U.S. population lives in the “Best” regions and, in some of the cleanest regions, the GHG emissions
avoided by driving an EV were equivalent to an ICE vehicle that achieves over 70 mpg. Then, 37% live
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in the “Better” regions and 18% live in the “Good” regions. The report also looked at fuel-cost savings for
the 50 largest cities in the United States for EVs versus ICE vehicles over the lifetime of vehicle
ownership. For regions with the lowest-cost electricity rates, the yearly savings ranged from $750 to
$1,200 (when compared against an ICE vehicle with a 27 mpg fuel economy). In 44 out of the 50 cities,
the standard electricity plan results in fuel-cost savings for EVs over even ICE vehicles that achieve
50 mpg. The only exceptions were in California, where TOU rates were required to be used to meet the
same GHG emissions avoided. The report is a very useful contribution in the effort to understand the
various benefits of EV ownership.
The purpose of this document is to further demonstrate that the myths surrounding EVs are false: EVs
are both more environmentally friendly and cheaper to operate than conventional vehicles. There are
several rationales for publishing this paper in light of the Union of Concerned Scientists study. First, the
Union of Concerned Scientists study uses a well-to-wheel analysis, while this paper will use the more
simplistic tank-to-wheel technique. Well-to-wheel analysis is still in its infancy and, as the boundary of
the analysis grows, confidence in the results decrease. The results of a tank-to-wheel technique analysis
may be more reliable. The Union of Concerned Scientists study examined regional grids, while the
current study is more granular and looks at individual states and ranks each in terms of the GHG intensity
of the electrical grid (i.e., what quantity of GHGs are emitted for a given unit of electrical energy. This
study also looks at per capita GHG emissions for the individual states and presents the per capita GHG
emissions that would be avoided for EV ownership. The Union of Concerned Scientists study took an
average gasoline cost while this study has attempted to use more contemporary numbers for the individual
states to illustrate more starkly the differences across the regions. The total cost of ownership is also
included in this study and not just fuel cost reductions. Finally, science progresses by replication or
refutation of the results of other research groups, and this study was deemed to be another valuable
contribution. A comparison of a representative EV with a representative ICE vehicle with respect to GHG
emissions and fuel costs is conducted in the following sections.

*UHHQKRXVH*DV(PLVVLRQV$YRLGDQFHIn order to demonstrate that owning an EV
will result in real GHG reductions (and that the tailpipe emissions are not transferred in their entirety to
the power plant), the objective is to calculate the amount of GHGs avoided by charging (and driving) an
EV as opposed to the emissions released when driving an ICE vehicle (note that the ICE vehicle can be
either a conventional ICE vehicle or a hybrid electric vehicle because gasoline provides both with all of
the off-board energy). As mentioned above, a full well-to-wheelanalysis is possible, but considering the
range of emission levels from the myriad sources, methods of extraction, and delivery of fossil fuels, it
was decided that only direct combustion of the fossil fuels is to be considered in order to minimize the
assumptions. The kWh of electricity consumed by the EV during the charge process—energy consumed
from the grid—as well as the gasoline transferred to the ICE vehicle will be considered. The following
emissions associated with fossil fuel usage are omitted:
x

Extraction of the fossil fuels

x

Delivery of the fossil fuels

x

Refinement of the fossil fuels

x

Losses in transmission of the electricity.

In order to minimize the controversy over this calculation, some of the assumptions are fairly
conservative. Attempts have been made to use figures and conversions provided by U.S. government
agencies with the expectation that these have been well vetted.
For the ICE vehicle, the Corporate Average Fuel Economy value used for mid-size vehicles is
28.6 mpg, based on 2004 figures from the National Highway Traffic Safety Administration [74]. This
assumption masks the true average fuel economy of U.S. light-duty vehicles, which is much lower

11-174

(according to the National Highway Traffic Safety Administration, the average fuel economy for all
light-duty vehicles was 24.6 in 2004).
The mid-sized Nissan LEAF will represent the EV. The emissions for the LEAF are those emitted in
producing electricity for the vehicle. The energy consumption for the LEAF according to the EPA tests is
340 kWh/mile (AC electricity) [75]. Thus, traveling 100 miles would require 34.0 kWh AC.
In the following sections, the GHG emissions avoided by using an EV rather than an ICE vehicle are
considered. It should be noted that the U.S. grid is introducing clean energy sources at a rapid rate. For
example, wind power accounted for 39% of new power plant capacity installed in the U.S. in 2009 [76].
Coal plant electricity production peaked in 2007 and has dropped by 3.2% per year since [77]. If no
emissions are released during the electricity production stage, the EV can be considered to be a
zero-emission vehicle (if the embedded energy due to the production of vehicle and power plant are
ignored). Thus, the avoided emissions calculated in this document represent only a snapshot in time, and
the avoided emissions will grow quickly as clean energy sources continue to be introduced and more
emission-intensive sources such as coal power are retired.
,QWHUQDO&RPEXVWLRQ(QJLQH9HKLFOH*UHHQKRXVH*DV(PLVVLRQV²The GHGs associated with the ICE
vehicle will be considered first. The initial step is to determine the amount of GHGs that will be produced
by the ICE vehicle. Combusting one gallon of gasoline (perfectly) yields 19.60 lb CO2. However, CO2,
although the most significant, is not the only GHG released during the combustion of gasoline. The two
other important GHGs released during combustion of gasoline are methane (CH4) and nitrous oxide
(N2O). The unit pounds-of-CO2-equivalent, or lb-CO2e, is introduced to incorporate the effects of these
other gases released when combusting gasoline. According to the EPA, the ratio of CO2 emissions to total
emissions (including CO2, CH4, and N2O, all expressed as CO2e) for combustion of gasoline is 0.977 [78].
Therefore, the rate of GHG emissions for the ICE vehicle increases to 20.1 lb-CO2e/gallons.
Over the course of 100 miles, the CO2e emitted by the ICE vehicle would be as follows:

(OHFWULF9HKLFOH*UHHQKRXVH*DV(PLVVLRQV²The emissions are estimated for the U.S. grids and the
individual are stated in the following subsections.
86*ULG$YHUDJHThe GHG emissions associated with the Nissan Leaf will now be considered.
Generating one kWh AC of electricity on the U.S. grid generates, on average, 1.52 lb-CO2 (non-base load
values are used in this calculation since electricity usage reductions generally lower this type of
generation and not base load generation) [79]. Again, emissions must be converted to lb-CO2e to account
for the other GHGs that are emitted in the electricity production process, although the calculation will be
done differently than for the ICE vehicle above. Here, the ‘global warming potential,’ which is a measure
of the relative strength of a GHG (where CO2, has a global warming potential of 1), of CH4 is defined as
23 and that of N2O as 296 [80]. The rates of CH4 and N2O emissions for the U.S. grid are, on average,
32.23 lb-CH4/GWh and 18.41 lb-N2O/GWh, respectively. Accounting for the contribution of the non-CO2
GHGs increases the rate to 1.53 lb-CO2e per kWh of electricity produced. The amount of CO2 e emitted
to produce the amount of electricity required to travel 100 miles would be as follows:

The CO2e avoided by charging an EV rather than using gasoline in an ICE vehicle can now be
calculated as follows:
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The generic equation for the amount of CO2e avoided by driving an EV rather than an ICE vehicle, as
it relates to the amount of AC electricity used by the EV is then:

The 0.54 lb-CO2e/kWh is called the ‘multiplication factor’ and is used to determine the GHG
emissions avoided by an EV by simply multiplying by the amount of AC electricity that is used. As long
as the multiplication factor is positive, the EV will emit fewer GHG emissions than an ICE vehicle that
achieves a fuel economy of 28.6 mpg.
The total of U.S. emissions in 2005 was 5.8 billion metric tons of CO2 (CO2e numbers were not
available), and the population in that year was estimated to be 280,852,543, for a per capita emission
value of 20.6 tons. If the Nissan Leaf were to be driven 12,000 miles per year, then this would mean that
the total amount of energy used by the vehicle battery would be 4,080 kWh (AC). Therefore, the amount
of avoided CO2 in a full year would be 1.0 metric tons or 5% of the total per capita emissions of the
average U.S. resident driving the Corporate Average Fuel Economy-averaged mid-size vehicle.
In order for an ICE vehicle to achieve the same level of GHG emissions as the Nissan Leaf (with the
U.S. average grid), Equation (1) can be used to determine that the fuel economy required would be
38.7 mpg. A generic equation can be derived so that both the fuel economy (Y, in mpg) of the ICE
vehicle and the electricity consumption (Z, in Wh/mile) of the EV can be input with the U.S. average grid
numbers to obtain the CO2e avoided:

Equation 4 will be used throughout the rest of the document, meaning that the fuel economy of the
ICE vehicle is fixed at 28.6 mpg.
6WDWH*ULG$YHUDJHVThe real advantages of the Nissan Leaf become clearer when individual states are
considered. Generating one kWh AC of electricity in each state generates the CO2, CH4, and N2O values
contained in Table 11-43 (2005 data) [81]. A total value in units of lb-CO2e per kWh AC is also presented
in the right-most column for each state. The states are listed from the least carbon intensive (in terms of
electricity production) to the most carbon intensive. To skip the details of the calculations, the results for
the avoided emissions for residents of each state is presented in Table 11-43.
Table 11-43. State and national electricity production emission rates.
Electricity Production Emission Rates (Non-Base Load)
State
CO2 (lb/MWh) CH4 (lb/GWh) N2O (lb/GWh)
CO2e (lb/kWh)
Vermont
173.96
1,016.50
136.04
0.24
Idaho
653.57
72.11
13.81
0.66
Oregon
999.75
42.47
11.1
1.00
Rhode Island
1,053.31
21.14
2.2
1.05
California
1,061.13
39.98
4.9
1.06
Texas
1,138.47
20.71
5.83
1.14
Arizona
1,175.38
20.04
9.39
1.18
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State
Washington
Nevada
Maine
Oklahoma
Louisiana
Massachusetts
New Hampshire
Florida
New Jersey
Alaska
Mississippi
New Mexico
Connecticut
New York
Arkansas
Colorado
Virginia
Georgia
Michigan
Alabama
South Carolina
Wisconsin
Hawaii
Utah
Pennsylvania
Delaware
North Carolina
Maryland
West Virginia
Ohio
Missouri
Tennessee
Illinois
Minnesota
Kentucky
Indiana
Wyoming
Nebraska
South Dakota

Electricity Production Emission Rates (Non-Base Load)
CO2 (lb/MWh) CH4 (lb/GWh) N2O (lb/GWh)
CO2e (lb/kWh)
1,240.81
71.56
21.36
1.25
1,254.35
22.07
7.26
1.26
1,261.17
264
37.23
1.28
1,293.63
21.57
10.08
1.30
1,294.94
27.53
10.02
1.30
1,295.66
44.94
12.48
1.30
1,362.59
63.24
15.84
1.37
1,382.92
47.46
14.04
1.39
1,464.80
35.42
17.03
1.47
1,470.56
40.63
8.87
1.47
1,473.67
29.27
16.86
1.48
1,480.82
24.85
10.41
1.48
1,478.77
77.68
17.37
1.49
1,517.76
51.98
13.83
1.52
1,572.16
45.7
24.18
1.58
1,606.13
22.1
20.35
1.61
1,612.42
55.13
24.39
1.62
1,654.63
33.18
24.93
1.66
1,698.29
29.59
26.93
1.71
1,723.00
41.29
28.23
1.73
1,760.87
28.36
25.34
1.77
1,789.46
36.34
25.23
1.80
1,800.75
185.69
29.99
1.81
1,838.57
24.47
24.85
1.85
1,845.16
34.63
25.71
1.85
1,947.85
39.23
23.37
1.96
1,952.11
29.8
31.41
1.96
1,964.52
50.19
31.08
1.98
1,965.62
22.52
33.1
1.98
1,988.51
24.17
32.48
2.00
2,031.97
25.04
31.25
2.04
2,050.63
26.41
34.99
2.06
2,097.08
25.51
32.78
2.11
2,102.88
72.75
36.74
2.12
2,113.67
25.68
35.31
2.12
2,120.76
25.55
33.93
2.13
2,141.24
25.98
33.46
2.15
2,172.49
29.03
29.49
2.18
2,224.28
29.49
29.9
2.23
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State
Iowa
Kansas
Washington D.C.
North Dakota
Montana
U.S

Electricity Production Emission Rates (Non-Base Load)
CO2 (lb/MWh) CH4 (lb/GWh) N2O (lb/GWh)
CO2e (lb/kWh)
2,240.01
27.16
36.15
2.25
2,351.42
37.22
34.58
2.36
2,432.30
104.97
21
2.44
2,508.90
41
41.71
2.52
2,760.93
75.25
50.35
2.78
1,520.11
32.23
18.41
1.53

Using Equation (2) for each of the lb-CO2e/kWh values in Table 11-43, the amount of CO2e emitted
in producing the amount of electricity required to travel 100 miles in the Nissan Leaf for all of the states
can be calculated. The results are presented in Table 11-44, again in the order from the least
GHG-intensive states to the most.
Table 11-44. Emissions for 100 miles of travel in Nissan Leaf for each state and the nation.
Emissions for 100 Miles of
Emissions for 100 Miles of Nissan
State
Nissan Leaf Travel (lb-CO2e)
State
Leaf Travel (lb-CO2e)
Vermont
8.2
Alabama
58.9
Idaho
22.4
South Carolina
60.2
Oregon
34.1
Wisconsin
61.1
Rhode Island
35.9
Hawaii
61.7
California
36.2
Utah
62.8
Texas
38.8
Pennsylvania
63.0
Arizona
40.1
Delaware
66.5
Washington
42.5
North Carolina
66.7
Nevada
42.7
Maryland
67.2
Maine
43.5
West Virginia
67.2
Oklahoma
44.1
Ohio
68.0
Louisiana
44.2
Missouri
69.4
Massachusetts
44.2
Tennessee
70.1
New Hampshire
46.5
Illinois
71.7
Florida
47.2
Minnesota
71.9
New Jersey
50.0
Kentucky
72.2
Alaska
50.1
Indiana
72.5
Mississippi
50.3
Wyoming
73.2
New Mexico
50.5
Nebraska
74.2
Connecticut
50.5
South Dakota
76.0
New York
51.8
Iowa
76.5
Arkansas
53.7
Kansas
80.3
Colorado
54.8
Washington D.C.
83.0
Virginia
55.1
North Dakota
85.8
Georgia
56.5
Montana
94.4
Michigan
58.0
U.S
52.0
Using Equation (3), the CO2e avoided by charging an EV rather than using gasoline in an ICE vehicle
can now be calculated for all of the states, and the results are presented below in Table 11-45, from least
to most GHG-intensive. From the table, it is apparent that the EV GHG emissions are lower for most
states, but there are states where the average ICE mid-size vehicle emits fewer GHGs (i.e., the avoided
emissions is a negative number). These regions account for a total of 13.1% of the total U.S. population,
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meaning that for the vast majority of U.S. residents, an EV will emit fewer GHG emissions than will an
ICE vehicle. Furthermore, the average vehicle driven in these states may not be comparable to the
representative ICE vehicle used in these calculations.
Table 11-45. Avoided emissions for 100 miles of Nissan Leaf driving for each state and the nation.
Avoided Emissions
Avoided Emissions
State
(lb-CO2e)
State
(lb-CO2e)
Vermont
62.1
Alabama
11.4
Idaho
47.9
South Carolina
10.1
Oregon
36.2
Wisconsin
9.2
Rhode Island
34.4
Hawaii
8.6
California
34.1
Utah
7.5
Texas
31.5
Pennsylvania
7.3
Arizona
30.2
Delaware
3.8
Washington
27.8
North Carolina
3.6
Nevada
27.6
Maryland
3.1
Maine
26.8
West Virginia
3.1
Oklahoma
26.2
Ohio
2.3
Louisiana
26.1
Missouri
0.9
Massachusetts
26.1
Tennessee
0.2
New Hampshire
23.8
Illinois
-1.4
Florida
23.1
Minnesota
-1.6
New Jersey
20.3
Kentucky
-1.9
Alaska
20.2
Indiana
-2.2
Mississippi
20.0
Wyoming
-2.9
New Mexico
19.8
Nebraska
-3.9
Connecticut
19.8
South Dakota
-5.7
New York
18.5
Iowa
-6.2
Arkansas
16.6
Kansas
-10.0
Colorado
15.5
Washington D.C.
-12.7
Virginia
15.2
North Dakota
-15.5
Georgia
13.8
Montana
-24.1
Michigan
12.3
U.S
18.3
The multiplication factor for the amount of CO2e avoided per unit of AC electricity used in the form
of Equation (4) is then calculated, and is presented in for each state below in Table 11-46. The values for
the states (from Illinois to Montana in the right-hand columns), where the EV will emit more GHG
emissions than an ICE vehicle, are given as a negative avoidance multiplication factor in Table 11-46.
Table 11-46. Multiplication factor for avoided emissions for each state and the nation.
Multiplication Factor
Multiplication Factor
State
(lb-CO2e/kWh)
State
(lb-CO2e/kWh)
Vermont
1.83
Alabama
0.34
Idaho
1.41
South Carolina
0.30
Oregon
1.06
Wisconsin
0.27
Rhode Island
1.01
Hawaii
0.25
California
1.00
Utah
0.22
Texas
0.93
Pennsylvania
0.21
Arizona
0.89
Delaware
0.11
Washington
0.82
North Carolina
0.11
Nevada
0.81
Maryland
0.09
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State
Maine
Oklahoma
Louisiana
Massachusetts
New Hampshire
Florida
New Jersey
Alaska
Mississippi
New Mexico
Connecticut
New York
Arkansas
Colorado
Virginia
Georgia
Michigan

Multiplication Factor
(lb-CO2e/kWh)
0.79
0.77
0.77
0.77
0.70
0.68
0.60
0.59
0.59
0.58
0.58
0.54
0.49
0.46
0.45
0.41
0.36

State
West Virginia
Ohio
Missouri
Tennessee
Illinois
Minnesota
Kentucky
Indiana
Wyoming
Nebraska
South Dakota
Iowa
Kansas
Washington D.C.
North Dakota
Montana
U.S

Multiplication Factor
(lb-CO2e/kWh)
0.09
0.07
0.03
0.01
-0.04
-0.05
-0.06
-0.06
-0.09
-0.11
-0.17
-0.18
-0.29
-0.37
-0.46
-0.71
0.54

The total and per capita emissions for all states are presented in Table 11-47, from the least to the
most GHG intensive (again, CO2e values are not available) [81]. Using the same amount of energy of
4,080 AC kWh to power the Nissan Leaf for one year (for 12,000 miles of driving), the percentage of
emissions that the use of the EV would reduce for the average resident of each state can be calculated.
The amount of avoided CO2e in a full year (by driving an EV) and the percentage of the total emissions
for the residents of each state are also provided below in Table 11-47. The state where the Nissan Leaf
will make the biggest difference in terms of CO2e avoidance is Vermont, where the avoided emissions are
31.9% of the average Vermont resident yearly per capita emissions. The avoided emissions are highest
because this state has the lowest carbon intensity and a low total emissions value. Conversely, Montana
has the highest carbon intensity and an EV owner would see an increase of 3.6% in yearly per capita
GHG emissions.
Table 11-47. Total and per capita emissions avoided for residents of each state and the nation.
Per Capita CO2
Percentage
Emissions
Yearly Avoided Reduction of Yearly
Total CO2 Emissions
(million metric
Emissions
(million metric
Per Capita GHG
tons/year)
(tons-CO2e)
tons/year)
Emissions
State
Vermont
6.5
10.6
3.4
31.9%
Idaho
14.2
11.0
2.6
23.8%
Oregon
40.4
11.8
2.0
16.7%
Rhode Island
11.4
10.8
1.9
17.4%
California
389.0
11.5
1.9
16.2%
Texas
670.2
32.1
1.7
5.3%
Arizona
88.8
17.3
1.6
9.5%
Washington
78.7
13.3
1.5
11.4%
Nevada
43.3
21.7
1.5
6.9%
Maine
23.3
18.3
1.5
8.0%
Oklahoma
103.3
29.9
1.4
4.8%
Louisiana
179.1
40.1
1.4
3.6%
Massachusetts
87.0
13.7
1.4
10.4%
New Hampshire
20.5
16.6
1.3
7.8%
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State
Florida
New Jersey
Alaska
Mississippi
New Mexico
Connecticut
New York
Arkansas
Colorado
Virginia
Georgia
Michigan
Alabama
South Carolina
Wisconsin
Hawaii
Utah
Pennsylvania
Delaware
North Carolina
Maryland
West Virginia
Ohio
Missouri
Tennessee
Illinois
Minnesota
Kentucky
Indiana
Wyoming
Nebraska
South Dakota
Iowa
Kansas
Washington D.C.
North Dakota
Montana
U.S

Total CO2 Emissions
(million metric
tons/year)
243.9
123.7
44.8
62.1
57.6
42.4
214.3
62.4
89.7
122.6
168.0
184.9
136.0
79.2
104.8
21.5
62.4
271.4
17.2
146.2
78.8
114.4
265.5
137.2
120.1
230.0
102.4
143.0
235.1
62.9
43.2
13.7
78.9
79.9
NA
50.7
32.7
5800

Per Capita CO2
Emissions
(million metric
tons/year)
15.3
14.7
71.4
21.8
31.7
12.4
11.3
23.3
20.9
17.3
20.5
18.6
30.6
19.7
19.5
17.8
27.9
22.1
21.9
18.2
14.9
63.3
23.4
24.5
21.1
18.5
20.8
35.4
38.7
127.3
25.2
18.1
27.0
29.7
10/25.1
79.0
36.2
20.6

Yearly Avoided
Emissions
(tons-CO2e)
1.3
1.1
1.1
1.1
1.1
1.1
1.0
0.9
0.8
0.8
0.8
0.7
0.6
0.6
0.5
0.5
0.4
0.4
0.2
0.2
0.2
0.2
0.1
0.0
0.0
-0.1
-0.1
-0.1
-0.1
-0.2
-0.2
-0.3
-0.3
-0.5
-0.710*
-0.8
-1.3
1.0

Percentage
Reduction of Yearly
Per Capita GHG
Emissions
8.3%
7.5%
1.5%
5.0%
3.4%
8.7%
8.9%
3.9%
4.0%
4.8%
3.7%
3.6%
2.0%
2.8%
2.6%
2.6%
1.5%
1.8%
0.9%
1.1%
1.2%
0.3%
0.5%
0.2%
0.1%
-0.4%
-0.4%
-0.3%
-0.3%
-0.1%
-0.8%
-1.7%
-1.3%
-1.8%
-2.7%10*
-1.1%
-3.6%
4.8%


)XHODQG2ZQHUVKLS&RVW5HGXFWLRQIn addition to emissions reduction, an analysis
of the fuel costs and total cost of ownership of an EV versus those of a conventional ICE vehicle is
important because these costs will be a major factor in the adoption of EVs into the transportation fleet.
)XHO&RVWV²The average price for gasoline (on May 1, 2012) is provided for each state and for the nation
in Table 11-48. Using the fleet average of ICE vehicles and hybrid electric vehicles (28.6 mpg), the
annual cost to travel 12,000 miles is estimated and presented in Table 11-48 for the state and national
averages. On May 1, 2012, the average U.S. cost per gallon for regular gasoline ($3.809) [83] results in an
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annual cost of $1,598.18. Using the calculated AC consumption per mile for the Nissan Leaf EV
(340 Wh/mile) over 12,000 miles and the average U.S. electricity cost per kWh in 2010 ($0.0983) [84]
results in an annual cost of $401.06. Therefore, the “fuel” costs of the Nissan LEAF are 75% less than
those for the fleet average vehicle and the yearly savings would be $1,197.12. The largest savings across
the country would be experienced by a resident of the state of Washington, where an owner of a
mid-sized vehicle would enjoy $1,437.22 in savings. The smallest savings across the country would be
experienced by a resident of Hawaii, with an annual savings of $895.94. Even though the cost of gasoline
in Hawaii is the highest in the country, the electricity costs are also the highest by an even larger margin.
The cost of gasoline in May has historically been higher than the yearly average, but it is felt that gasoline
costs are likely to remain elevated and will not return to the sub-$3.00/gallon costs of the past.
Table 11-48. State and national annual EV fuel savings (May 1, 2012).
Average
Average Retail Price, Average Annual
Gasoline Average Annual Residential Electricity EV Electricity
[84] (cents/kWh)
Costs
State
Price [83] ICEV Fuel Costs
Alabama
$3.66
$1,536.92
8.89
$362.71
Alaska
$4.36
$1,829.37
14.76
$602.21
Arizona
$3.83
$1,606.15
9.69
$395.35
Arkansas
$3.61
$1,515.94
7.28
$297.02
California
$4.16
$1,746.29
13.01
$530.81
Colorado
$3.87
$1,622.94
9.15
$373.32
Connecticut
$4.10
$1,719.44
17.39
$709.51
Delaware
$3.77
$1,579.72
11.97
$488.38
Florida
$3.79
$1,588.53
10.58
$431.66
Georgia
$3.68
$1,541.96
8.87
$361.90
Hawaii
$4.58
$1,920.84
25.12
$1,024.90
Idaho
$3.77
$1,582.24
6.54
$266.83
Illinois
$4.00
$1,679.58
9.13
$372.50
Indiana
$3.84
$1,612.87
7.67
$312.94
Iowa
$3.61
$1,515.52
7.66
$312.53
Kansas
$3.58
$1,502.10
8.35
$340.68
Kentucky
$3.73
$1,565.03
6.73
$274.58
Louisiana
$3.69
$1,546.57
7.8
$318.24
Maine
$3.90
$1,637.62
12.84
$523.87
Maryland
$3.82
$1,601.12
12.7
$518.16
Massachusetts
$3.87
$1,622.10
14.26
$581.81
Michigan
$3.82
$1,602.38
9.88
$403.10
Minnesota
$3.70
$1,553.29
8.41
$343.13
Mississippi
$3.67
$1,539.86
8.59
$350.47
Missouri
$3.54
$1,483.22
7.78
$317.42
Montana
$3.77
$1,581.82
7.88
$321.50
Nebraska
$3.69
$1,546.99
7.52
$306.82
Nevada
$3.92
$1,643.50
9.73
$396.98
New Hampshire
$3.82
$1,603.64
14.84
$605.47
New Jersey
$3.75
$1,571.33
14.68
$598.94
New Mexico
$3.74
$1,567.13
8.4
$342.72
New York
$4.10
$1,719.44
16.41
$669.53
North Carolina
$3.78
$1,586.85
8.67
$353.74
North Dakota
$3.79
$1,588.53
7.11
$290.09
Ohio
$3.73
$1,565.87
9.14
$372.91
Oklahoma
$3.55
$1,489.09
7.59
$309.67
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Annual EV
Savings
$1,174.21
$1,227.16
$1,210.80
$1,218.92
$1,215.49
$1,249.62
$1,009.93
$1,091.34
$1,156.87
$1,180.06
$895.94
$1,315.41
$1,307.08
$1,299.93
$1,203.00
$1,161.42
$1,290.45
$1,228.33
$1,113.75
$1,082.96
$1,040.29
$1,199.27
$1,210.16
$1,189.39
$1,165.79
$1,260.31
$1,240.18
$1,246.51
$998.16
$972.38
$1,224.41
$1,049.91
$1,233.12
$1,298.44
$1,192.96
$1,179.42

State
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas
Utah
Vermont
Virginia
Washington
Washington D.C.
West Virginia
Wisconsin
Wyoming
U.S.

Average
Average Retail Price, Average Annual
Gasoline Average Annual Residential Electricity EV Electricity
Price [83] ICEV Fuel Costs
[84] (cents/kWh)
Costs
$4.02
$1,685.45
7.56
$308.45
$3.86
$1,617.90
10.31
$420.65
$3.93
$1,646.85
14.08
$574.46
$3.59
$1,505.03
8.49
$346.39
$3.72
$1,561.26
7.82
$319.06
$3.64
$1,526.85
8.61
$351.29
$3.70
$1,552.45
9.34
$381.07
$3.70
$1,552.45
6.94
$283.15
$3.95
$1,657.34
13.24
$540.19
$3.74
$1,568.39
8.69
$354.55
$4.07
$1,708.95
6.66
$271.73
$4.03
$1,689.23
13.35
$544.68
$3.86
$1,617.90
7.45
$303.96
$3.82
$1,604.48
9.78
$399.02
$3.64
$1,526.85
6.2
$252.96
$3.81
$1,598.18
9.83
$401.06

Annual EV
Savings
$1,377.01
$1,197.25
$1,072.39
$1,158.64
$1,242.20
$1,175.57
$1,171.38
$1,269.30
$1,117.15
$1,213.84
$1,437.22
$1,144.55
$1,313.94
$1,205.45
$1,273.89
$1,197.12

2ZQHUVKLS&RVWV²It is important to look not only at fuel costs, but also upfront costs so that prospective
EV owners can compare financing implications. The Nissan Leaf manufacturer’s suggested retail price is
$35,200 [85]; however, with the $7,500 federal tax credit for which Leaf purchases are eligible reduces
the price to $27,700. The Leaf is classified as a midsize vehicle. The average midsize manufacturer’s
suggested retail price for major original equipment manufacturer 2012 models is $35,674 [86]. The
surprising implication is that the Leaf is actually nearly $8,000 less expensive than the average vehicle in
the same class. Even the higher-trim version of the Leaf (SL, at $37,250) is nearly $6,000 less than the
average vehicle in the same class. Furthermore, some states like California, Tennessee, and Colorado
have state incentives that bring down the cost even more.
The fuel costs and upfront costs can be combined in a total cost of ownershipanalysis that allows for
prospective EV owners to clearly understand the financial implications of an EV purchase. The popular
site, Kelley Blue Book, provides an estimate of 5-year total cost of ownership for new vehicles. The
5-year cost for the 2012 Nissan Leaf is $38,559 (with an assumption of 15,000 miles per year). The total
cost of ownership for the most popular midsize vehicle, the 2012 Toyota Camry, is listed as $34,966 [87].
However, this value does not include the $7,500 federal tax credit (or the various state credits); therefore,
the Nissan Leaf’s total cost of ownership is reduced to $31,059. Therefore, the Nissan Leaf is
approximately 11% less expensive to own over 5 years than the most popular vehicle in its class
(provided the EV owner is eligible for the full tax credit).

&RQFOXVLRQThe purpose of this white paper is to demonstrate the differences in GHG
emissions and fuel costs with EV ownership for residents of the United States. While the general case of
an ICE vehicle and EV comparison has been presented, it is hoped that the methodology presented here
has sufficient details to allow for individuals to calculate their particular emissions and fuel costs based on
the fuel economy of their vehicle and the electricity generation details of their state. Using the study
assumptions, the average U.S. resident would see a percentage reduction in yearly per capita GHG
emissions of 4.8%. Residents of Vermont would see the greatest percentage reduction in yearly per capita
GHG emissions, at nearly 32%.
It is apparent from the data and calculations provided that for a large majority of U.S. residents
(approximately 87%), driving an EV as opposed to a comparable ICE vehicle will result in reductions in
emissions, while all U.S. residents will enjoy a reduction in fuel and ownership costs. A small minority
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will see their GHG emissions rise, depending on the state in which they reside. However, as the push to
adopt cleaner electricity sources across the country continues, the emissions reduction numbers will
continue to become more and more favorable. The grid transition may raise the price of electricity, but the
volatility of oil prices and the specter of constrained oil supplies mean that the price of gasoline is also
likely to rise, affirming the fuel cost benefit for the foreseeable future. The results generally confirm the
conclusions of the Union of Concerned Scientists report, and there can thus be confidence in the results of
this white paper.
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8WLOLW\5DWHVDue to the length of this document, it is not included in this report, but it
can be found at: http://avt.inel.gov/pdf/EVProj/106077-891082.ghg.pdf.

 (93URMHFW3DUWLFLSDQWV
 :KR$UHWKH3DUWLFLSDQWVLQ7KH(93URMHFW"

,QWURGXFWLRQThe EV Project participants purchased or leased a Nissan Leaf or Chevrolet
Volt and have been among the first to explore this new electric drive technology. The EV Project
participant has generally been very cooperative and enthusiastic about his/her participation in the study
and very supportive in providing feedback and information. The demographics of these innovators and
early adopters of EV were speculated by many but little was actually published, so demographics
information was solicited from The EV Project participants in a recent survey.
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.H\)LQGLQJV

x

Overall 63% of the primary PEV drivers are male, but this percentage reaches nearer 70% in Texas,
Washington D.C., and Chicago.

x

Oregon presents the highest percentage of female drivers at 34%.

x

The mean age for All Regions was 50.9 years, but the distribution can vary by region.

x

The average household income is $148,811.

x

Almost 50% of households had average income above $150,000.

x

There was little difference between types of vehicle purchased or leased based upon income.

x

Leaf drivers were more likely than Volt drivers to have graduate degrees (46% versus 38%).


:K\LV7KLV,PSRUWDQW"Everett Rogers sought to explain how new technologies can
spread through a culture in his book 'LIIXVLRQRI,QQRYDWLRQV. According to the theory, new technology
products must be successful for the innovators and early adopters before it can be accepted by the larger
market. Any market consists of the groups identified in Figure 11-138 which also shows their typical
share of that market.

Figure 11-138. Rogers adoption/innovation curve [88].
The demographics of the innovators and early adopters of electric transportation then are of interest
because they are the leaders in bringing this new technology into use.

3DUWLFLSDWLRQ5HTXLUHPHQWVEvery study has boundary conditions. The EV Project had
boundaries for participation that included time and budget constraints as well as physical geographic
limitations. Because the Nissan Leaf is a battery-only EV, it was essential that the residential installation
process be expeditious. 
In exchange for allowing the collection and use of their charging data in the study, The EV Project
provided the Blink EVSE, used to recharge the PEV battery, and credit toward the installation of the
EVSE at their residences. The installation credit was constrained by the overall Project budget and costs
exceeding this credit were borne by the participant. Single-family homes with their electrical service
entrance near the garage would be the least costly installation. Installation costs for multi-unit dwellings
and older homes with long electrical conduit runs or insufficient electrical service proved to be a
significant barrier for many potential participants. (The residential installation experience and costs will
be explored in another report [89] to be posted at http://avt.inel.gov/evproject.shtml#LessonsLearned.)
Because the Nissan Leaf is a battery-only PEV, it was essential that the residential installation process
be expeditious. At the beginning of The EV Project, there were almost no publicly accessible EVSE units,
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so the EV driver would have to recharge at home where most of the charging would be expected to occur.
The AC Level 1 cordset provided with the Leaf would require up to 20 hours to fully recharge the battery.
Multi-unit dwellings and rental property would require approvals of owners or home owners associations
or property managers, and these approvals would likely be a lengthy and variable process. The
single-family home that was owner occupied proved to be the circumstance with the shortest installation
time.

Figure 11-139. Washington D.C. participant boundary.
The initial regions of The EV Project, which were based on the Nissan Leaf sales roll-out plan,
included areas where innovators and early adopters of PEVs could be found. The regions were later
expanded to include 16 metropolitan areas in nine states plus the District of Columbia. Within these
regions, the physical study boundary also had to be established.
Because this was an infrastructure study, the charging behavior of the residential participant with the
publicly accessible EVSE was a primary interest. Consequently, the residential participant needed to
reside within roughly 40 miles from the city center; approximately one-half the Leaf’s advertised range.

5HJLRQDO3DUWLFLSDWLRQThe local PEV supplier promotions, along with local incentives
and local market adoption rates, determined the interest by the public which led consequently to the
enrollment figures in The EV Project. The enrollment in The EV Project was complete early in 2013, and
the final composition of the participants is identified in Table 11-49. Because of another DOE project in
the area, the Chevrolet Volt drivers were not included in The EV Project in the San Francisco region.
The original completion date of The EV Project was December 2012. It was later extended to
December 2013 so some of the participants retired from the Project at the end of the original period. In
addition, some other participants have been retired because they sold their vehicles or their vehicles were
destroyed in accidents.
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Table 11-49. Regional Participation in The EV Project.


3DUWLFLSDQW6XUYH\With full enrollment achieved, The EV Project desired to know
participant experience and attitudes toward many aspects of their EV usage. A survey was sent to
7,730 EV Project participants and responses were received from 3,236 for a 42% response rate. Among
the topics identified were questions on their personal situations such as education and income levels.
Information and observations based on the responses received from EV Project participants are included
below.
Thirty-four of the respondents reported having both a Leaf and a Volt in The EV Project and
13 reported they were no longer participating. Table 11-50 presents responses received by region and
single vehicle type.
Table 11-50. Survey Responses by Region.


(OHFWULF9HKLFOH'ULYHU*HQGHUParticipants were asked “What is the gender of the
primary driver of the EV?” 3,063 responses were received. Figure 11-140 provides the responses by
region.
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Figure 11-140. Gender of EV primary driver.
Overall 63% of the primary EV drivers are male, but this percentage reaches nearer 70% in Texas,
Washington, D.C., and Chicago. On the other hand, Oregon presents the highest percentage of female
drivers at 34%. Figure 11-141 compares the gender of the primary driver by Leaf or Volt for the regions.
Overall, the Volt driver is more predominantly male than the Leaf with 69% of Volt drivers and 59% of
Leaf drivers male.

Figure 11-141. Gender versus vehicle type by region.

3DUWLFLSDQW$JHParticipants were asked “What is the age of the primary driver of the
EV?” 3,065 responses were received. Figure 11-142 provides the responses by region. The average age in
that region is shown above the bars.
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Figure 11-142. EV driver age by region.
The bars for All Regions shows a regular distribution of the age groups, with the mean age being
50.9 years, but the distribution can vary significantly in each region. Oregon and San Diego have slightly
older drivers (means of 54.6 and 53.3 years, respectively), whereas Atlanta and Chicago have slightly
younger drivers (means of 47.1 and 48.2 years, respectively).
Figure 11-143 shows the comparison of driver age by vehicle type for each region. The comparison of
the All Leaf and All Volt shows that overall; the average Leaf driver is slightly younger (average age
50.6 years) than the average Volt driver (average 51.6 years). This age difference appears to be most
significant in Oregon, Washington State, Tennessee, Washington DC and Philadelphia.

Figure 11-143. EV driver age by vehicle type by region.
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3DUWLFLSDQW,QFRPHParticipants were asked “What is your approximate average
household income?” 2,813 responses were received. Figure 11-144 provides the overall response
distribution. Figure 11-145 provides the responses by region.

Figure 11-144. Household income distribution.
Using the midpoint of each range and a cap at $212,500, the average household income is $148,811.

Figure 11-145. Household income by region.
San Francisco, Washington DC and Los Angeles showed the highest average household income,
which probably reflects actual population demographics. Figure 11-146 continues the evaluation by
considering the vehicle type obtained by the participant.
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Figure 11-146. Household income versus vehicle type.
For the combined regions of The EV Project, there is little difference between types of vehicle
purchased or leased based upon income.
 3DUWLFLSDQW(GXFDWLRQ
Participants were asked “What is the highest level of education for the primary EV driver?”
3,040 responses were provided. Figure 11-147 provides the overall response distribution.

Figure 11-147. Primary driver education.
Eighty-four percent of the primary drivers have college degrees with 44% having advanced degrees.
Figure 11-148 continues the evaluation by considering the education achieved by the participant versus
the type of EV.
Leaf drivers are slightly more likely than Volt drivers to have completed some graduate-level work
(7% versus 6%) and noticeably more likely than Volt drivers to have graduate degrees (46% versus 38%).
Figure 11-149 provides the same comparison by region.
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Figure 11-148. Primary driver education versus vehicle type.

Figure 11-149. Driver education by vehicle type by region.
 +RZ+DVWKLV&KDQJHGRYHU7LPH"At the end of February 2012, there were a total of
4,135 residential participants in The EV Project or about 50% of the final enrollment. These are the
“earliest” of the early adopters and innovators because the EVs had been available on the market for only
one year at that point. The Nissan Leaf was still being marketed to those who had reserved the vehicle in
advance. How do the demographics of this group compare to the final complement?
The survey responses were screened to include only those whose EVSE installation occurred prior to
March 2012. A total of 1465 responses then were valid. This represents 35% of the participants at that
time.
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 3ULPDU\'ULYHU*HQGHU&RPSDULVRQThere are 1,453 valid survey responses for the
“What is the gender of the primary driver of the EV?” question for those enrolled prior to March 2012.
The responses are shown in Figure 11-150.

Figure 11-150. Primary driver gender comparison.
As noted above, the PEV driver is predominately male and Figure 11-150 illustrates that the driver
gender has gotten more so since March 2012. However, it is noted that prior to March 2012, 8.2% of the
participants were Volt owners, which grew to 24.9% by the end of the enrollment. As noted above, more
Volt drivers are male than Leaf drivers, which could account for the change noted in Figure 11-150.
 3DUWLFLSDQW$JH&KDQJHVThere are 1,454 valid survey responses for the “What is the
age of the primary driver of the EV?” question for those enrolled prior to March 2012. The responses are
shown in Figure 11-151. An adjustment to the present day responses was conducted because the age of
the participant would have been 1 year less if the survey had been taken in March 2012.

Figure 11-151. Primary driver age comparison.
The age of the primary driver has shifted to be slightly younger than when The EV Project was 50%
subscribed. The average age prior to March 2012 would have been 51.7 years old compared to 50.9 when
The EV Project was fully subscribed.
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 3DUWLFLSDQW+RXVHKROG,QFRPH&KDQJHVThere are 1,316 valid survey responses for
the “What is your approximate average household income?” question for those enrolled prior to March
2012. The responses are shown in Figure 11-152.

Figure 11-152. Household income comparison.
Average income prior to March 2012 was $149,688; slightly higher than the fully subscribed average
income of $148,811.
 3DUWLFLSDQW(GXFDWLRQ&KDQJHVThere are 1,443 valid survey responses for the “What
is the highest level of education for the primary EV driver?” question for those enrolled prior to March
2012. The responses are shown in Figure 11-153.

Figure 11-153. Primary driver education comparison.
Prior to March 2012, 87% of all participants had earned a college degree. After full enrollment 84%
had achieved this degree.
 2EVHUYDWLRQVPrior to the delivery of PEVs starting late in 2010, it was postulated that
the PEV adopter would be more highly educated with higher household income than the majority of
vehicle buyers. This has been proven to be the case. In addition, the typical EV driver is a male about
51 years old.
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Age, education and household income are related naturally, however, it should be noted that there are
many in The EV Project that contrast significantly with the typical participant. Approximately 16% of the
participants do not have a college degree, 10% have incomes less than $75,000, and 8.6% are under the
age of 34.
 &RQFOXVLRQVAlthough PEV adoption continues to be very strong in the United States,
very little has changed in the demographics of these drivers when comparing the total to the very first
year. However, there does appear to be the start of a shift to a younger and less wealthy demographic.
Perhaps the adoption trend is moving closer to the early majority noted in Figure 11-138.
 5HIHUHQFHV
88. “Acceptance and Diffusion of Innovations”,
http://www.valuebasedmanagement.net/methods_rogers_innovation_adop tion_curve.html, accessed
August14, 2013
89. “Residential Installation Costs and Challenges” – Lessons Learned, www.theevproject.com.

 +RZ'R7KH(93URMHFW3DUWLFLSDQWV)HHO$ERXW7KHLU(9V"

,QWURGXFWLRQThe EV Project participants purchased or leased a Nissan Leaf BEV or
Chevrolet Volt EREV and were among the first to explore this new electric drive technology.
Collectively, BEV, EREV, and PHEVs are called PEVs. The EV Project participants were very
cooperative and enthusiastic about their participation in the project and very supportive in providing
feedback and information. The information and attitudes of these participants concerning their
experience with their PEVs were solicited using a survey in June 2013. At that time, some had up to
3 years of experience with their PEVs.


.H\2EVHUYDWLRQVIURPWKH6XUYH\RI7KH(93URMHFW3DUWLFLSDQWV

x

In June 2013, EV Project survey respondents were very satisfied with their PEVs, and 96% would
replace their current PEV with another PEV.

x

The EV Project survey respondents had an average of 2.6 vehicles in their household and 70%
reported the PEV as their primary vehicle.

x

The number one reason EV Project survey respondents selected the PEV was that PEVs are energy
efficient and cheaper in the long run than gasoline vehicles.

x

94% of survey respondents reported they drove their PEVs the same or more miles per day than when
they first acquired it.


:K\LV3OXJ,Q(OHFWULF9HKLFOH6DWLVIDFWLRQ,PSRUWDQW"Everett Rogers sought to
explain how new technologies can spread through a culture in his book, Diffusion of Innovations.
According to the theory, the innovators and early adopters must be satisfied with a new technology
product before it can be accepted by the larger market. Any market consists of the groups identified in
Figure 11-154, which also shows their typical share of that market.
Were The EV Project participants satisfied with electric drive transportation? These participants were
the innovators and early adopters and their feedback on how they felt about their PEVs is of interest
because it can shape this new technology for wider adoption.

3DUWLFLSDQW,QIRUPDWLRQUnderstanding the demographics of The EV Project
participants is important in understanding their choices and attitudes toward electric transportation. The
age, gender, average household income, and education level were explored in “Who are the Participants
in The EV Project?” [90]
The Nissan Leaf sales rollout plan defined the initial five regions of The EV Project, anticipating
them to be the locations of the innovators and early adopters of EVs. Later expansion of The EV Project
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included 16 metropolitan areas in nine states plus the District of Columbia. Within these regions, physical
study boundaries were established. The views and attitudes of project participants nationally and
regionally are explored in this report.

Figure 11-154. Rogers adoption/innovation curve [91].

:KLFK3OXJ,Q(OHFWULF9HKLFOH'LG7KH\$FTXLUH"The EV Project achieved full
enrollment of residential participants early in 2013. The final enrollment in each market was ultimately
determined by the PEV market conditions, which was driven by local PEV dealer promotions, along with
local government incentives and local demographics. Table 11-51 identifies the number of participants
driving Nissan Leafs and Chevrolet Volts in each region. Because of other DOE projects in the area,
Chevrolet Volt drivers were not included in The EV Project in the San Francisco region.
The original completion date of The EV Project was December 2012. Later expansion of the project
also extended the completion date to December 2013. Some participants retired from the project at the
end of the original period. In addition, some other participants retired because they sold their vehicles or
their vehicles were destroyed in accidents.
Table 11-51. Regional participation in The EV Project.
Leaf
Volt
Arizona
376
156
Los Angeles
471
344
San Diego
722
277
San Francisco
1,874
–
Oregon
558
136
Washington State
969
177
Tennessee
942
144
Texas
34
288
Washington D.C.
50
291
Atlanta
176
77
Chicago
34
129
Philadelphia
32
54
Overall
6,238
2,073
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3DUWLFLSDQW6XUYH\One goal of The EV Project is to gain an understanding of the
participants’ experience and attitudes toward many aspects of their PEV usage. In support of this goal, an
online survey was sent to 7,730 active EV Project participants. The survey solicited 3,236 responses for a
42% response rate. Among the topics identified were questions related to participants’ PEV use and
attitudes. Table 11-52 presents the responses received by region and vehicle type.
Table 11-52. Survey responses by region.
Leaf
Volt
Responses Responses
Arizona
159
74
Los Angeles
133
120
San Diego
244
109
San Francisco
553
–
Oregon
211
74
Washington State
378
83
Tennessee
345
54
Texas
11
119
Washington D.C.
13
114
Atlanta
74
39
Chicago
15
67
Philadelphia
13
26
Unknown
159
2
Overall
2,308
881

Leaf and Volt
Responses
1
7
7
4
2
3
2
2
2
1
–
1
2
34

Thirty-four of the respondents reported having both a Leaf and a Volt in The EV Project and
13 reported they were no longer participating. One hundred and sixty-three responses were provided that
identified the type of vehicle, but not the region of The EV Project.

:K\'LG7KH\3XUFKDVHRU/HDVH7KHLU(OHFWULF9HKLFOH"Participants were asked,
“Why did you purchase or lease your Volt or Leaf?” They were provided with six possible responses and
asked to rank them in order of importance, with 1 being the highest rank. The response choices were as
follows:
x

EVs are environmentally friendly and reduce GHG emissions.

x

EVs are energy efficient and cheaper in the long run than gasoline vehicles.

x

For philosophical reasons (i.e., I like being an adopter of high-tech/advanced technologies, I like the
image of driving a “green” car, etc.)

x

I’m doing my part to reduce U.S. reliance on imported petroleum.

x

For performance benefits (i.e., quite ride and smooth acceleration).

x

To have access to high-occupancy vehicle traffic lanes.
In all, 3,034 responses were received. Figure 11-155 shows the spread of the responses.
Table 11-53 presents the overall average ranking of the responses.

The highest-ranking responses deal with energy efficiency and financial savings, which are more
pragmatic responses than most of the other possible responses. This is important in moving the EV
market beyond the innovators of Figure 11-154. It is noted that having access to high occupancy vehicle
lanes received the lowest ranking overall; however, there were 198 responses (7%) where this was listed
as the highest-ranking reason.
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Figure 11-155. EV purchase motivation.
Table 11-53. EV purchase motivation.
Response Choice
EVs are environmentally friendly…
EVs are energy efficient…
For philosophical reasons…
Reduce U.S. reliance on imports…
For performance benefits…
High occupancy vehicle access

Average Rank
2.44
2.32
3.61
3.34
4.24
5.04


+RZ0DQ\9HKLFOHVDUHLQWKH3DUWLFLSDQW¶V+RXVHKROG"Participants were asked,
“Please select the amount of vehicles in your household, including your EV.” The survey provided
six choices of vehicle types (Table 11-54) and quantities of 0, 1, 2, or 3 or more for each vehicle type. For
example, a response may show three or more BEVs, two gasoline, and one diesel vehicle. The question
did not ask the specific number of vehicles above three, but assuming that “3 or More” is exactly three,
the total number of cars in the household is shown in Figure 11-156.

Figure 11-156. Total number of vehicles in the household.
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On average, the Leaf Owner has 2.61 vehicles in the household and the Volt Owner has 2.49 for an
overall average of 2.58 vehicles per household. Fifteen percent of Leaf owners and 15% of Volt owners
report having more than three vehicles in the household.
The vehicle choices in the question were as follows:
x

All battery EV (like the Nissan Leaf)

x

Plug-in hybrid/EREV (like the Chevrolet Volt)

x

Hybrid vehicle (does not plug in)

x

Natural gas/compressed natural gas

x

Diesel vehicle

x

Conventional gasoline vehicle.
In all, 3,004 responses were received. Figure 11-157 provides the responses.

Figure 11-157. Number of households with vehicle types.
Fifty-two Volt drivers and 48 Leaf drivers did not identify their vehicle as that type in this question,
even though the choices identified the specific model in that category and they selected their type in a
previous question.
Table 11-54 provides this information in tabular form. For each category, the total number of vehicles
in that category is reported with the percent of responders with that response identified below it. Because
more than one response is allowed, the total may sum to more than 100%.
Table 11-54. Number of vehicles in household by type.
Number of Households Reporting
Vehicle Type and Quantity

1

2

3 or More

All battery EV (like the Nissan Leaf)
Plug-in hybrid (like Chevrolet Volt)
Hybrid vehicle (does not plug in)
Natural gas/CNG
Diesel vehicle
Conventional gasoline vehicle

2,116/68%
836/27%
537/17%
18/1%
148/5%
1,395/45%

116/4%
26/1%
38/1%
5/0%
13/0%
775/25%

31/1%
1/0%
1/0%
1/0%
2/0%
298/10%
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A comparison of responses by Leaf or Volt owners is shown in Figure 11-158. Figure 11-158 shows
that 98% of Leaf owners identified they have at least one BEV. In addition, 3% of Leaf owners identified
they also had at least one PHEV and 80% indicated they also had at least one conventional gasoline
vehicle.
Ninety-four percent of Volt owners identified they had at least one PHEV, 7% identified they owned
at least one BEV, and 78% identified they owned at least one conventional gasoline vehicle. There were
six Volt owners who reported one PHEV and three or more BEVs.

Figure 11-158. Percent of responders on vehicle type and number.
For unknown reasons, not all Leaf owners identified owning a BEV and not all Volt owners identified
owning a PHEV.
Twenty-five Leaf owners identified they owned three or more BEVs, while 166 Leaf owners (7%)
reported having only PEVs (i.e., no other vehicle type) and 338 Leaf owners had one BEV and
one conventional gasoline vehicle only.
Twenty-five Volt owners identified owning two or more PHEVs, while 105 Volt owners report they
had PEVs, but no other vehicle type and 153 Volt owners had one PHEV and one conventional gasoline
vehicle only.

3ULPDU\9HKLFOHParticipants were asked, “Which of your vehicles would you consider
your family’s primary vehicle?” In all, 3,124 responses were received (shown in Figure 11-159).
Segmenting the responses by vehicle owner provides the responses shown in Figure 11-160.
As might be expected, Leaf owners relied more heavily on their conventional gasoline vehicle than
the Volt owners; however, it is revealing that 17% of the Volt owners identified that their conventional
gasoline vehicle was their primary vehicle.
It is noted that for those who had both BEVs and PHEVs, 9% of Volt owners identified that the BEV
was their primary vehicle, whereas 1% of Leaf owners identified the PHEV as their primary vehicle.
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Figure 11-159. Household primary vehicle.

Figure 11-160. Household primary vehicle by vehicle owner.
 (OHFWULF9HKLFOH8VHParticipants were asked, “Which of the following describes how
you use your PEV today?” Respondents were allowed to select all that apply and to specify other uses.
Response choices were as follows:
x

I use my EV for work commuting.

x

I use my EV for occasional short-distance trips for shopping, errands, or office visits.

x

I use my EV for most of my vehicle uses (it is my primary vehicle.)

x

I use my EV for all of my trips (It is my only vehicle).

x

Other (please specify).
Multiple responses were allowed, with 3,222 responses being received (see Figure 11-161).

Responses for work commuting, short trips, and primary vehicle choices were nearly equal for both
the Volt and Leaf owners, with the primary vehicle choice getting the most responses from Volt owners
(71%) and the work commuting choice getting the most responses from Leaf owners (72%).
Fifty-three respondents provided unsolicited additional information related to their present use. They
were categorized into the comments noted in Figure 11-162.
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Figure 11-161. Present day EV use.

Figure 11-162. Comments related to present-day EV use.
“Gets guaranteed parking spot” was reported by one person as a reason for selecting the PHEV.
“Vehicle size is restrictive” summarizes comments indicating that the respondent would use the vehicle
more, but finds the passenger or cargo area is too small to meet all needs (i.e., carpooling or carrying
luggage). “I work in this EV” were comments related to the vehicle being a tool for their work
(e.g., appraisers, etc.). “Only trips < battery capacity” was reported, indicating they only select the PEV
for trips that would be less than the battery capacity. Some specified a specific maximum distance as the
criterion for selecting the PEV. Some made a point of identifying that they like their Volt for long trips
and for recreation.
The survey then asked, “Think back to when you first bought your EV. Are you using it for the same
purposes today as you had originally intended?” 95% responded in the affirmative.
 'DLO\0LOHV7UDYHOHGParticipants were asked, “Has the daily miles driven on your EV
changed since you brought it home?” This question, like the one above, was intended to identify whether
driving habits have changed with more experience. The responses are shown in Figure 11-163.
Overall, 94% of responders reported they drove the same or more miles in June 2013 than when they
purchased their PEV, with 41 responders specifying a difference as categorized in Table 11-55.
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This question is also being evaluated by reviewing driver charging and travel data obtained through
the charging stations and vehicle telematics. This will be the subject of a separate report.

Figure 11-163. Change in daily miles traveled.
Table 11-55. Change in owner miles driven.
Comment
Changed use from commuting to running errands
My confidence has grown and I use public charging more
My vehicle’s range has diminished
I was driving for errands only, but now I’m driving more
A different family member is now using the EV
My job/school change is now beyond the range of the EV
The EV has a more limited range than I was told or thought
I was commuting only, but now have expanded its use
I am now retired or work less than before, so drive less

Number
1
1
3
1
1
2
2
6
24

 0HHWLQJ'ULYLQJ1HHGVParticipants were asked, “What percent of your driving needs
are met by your EV?” In all, 3,029 responses were received and are shown in Figure 11-164.
Ninety-four percent of Volt owners and 87% of Leaf owners reported more than 60% of their driving
needs were met by their PEV. Figure 11-165 considers this question on a regional basis. Over 85% of
responders in all regions noted that more than 60% of their driving needs were met by their PEVs.
Variations between the top two categories are reflected in Figure 11-166, where Los Angeles and Texas
reported the highest percentages of needs met.
 +RZ'R<RX'HFLGHZKLFK9HKLFOHWR'ULYH"Participants were asked, “Since you
may have a choice of vehicles, how do you decide between using your EV and choosing the other
vehicle?” Response choices were provided, along with an open-ended response for other comments. The
response choices were as follows:
x

I generally use the EV for specific purposes.
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x

I generally use the EV for trips I know I can make on battery power only without recharging away
from home.

x

I will use the EV for longer ranges if I know there is public charging available where I’m going.

x

I’m cautious about putting too many miles or battery charges on my EV.

x

I try to use my EV whenever I can.

x

Another member of the household uses one vehicle and I use the other.

x

Other (please specify).

Figure 11-164. Driving needs met by EV.

Figure 11-165. Driving needs met by The EV Project region.
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Participants could select all that apply; therefore, response totals could be greater than 100%. In all,
3,246 responses were received and are shown in Figure 11-166.
It is noted that 53% responded that they would use the PEV for trips within the capacity of their
battery; therefore, they would not have to use public charging, and 25% would use the PEV if they knew
that public charging would be available.
Of all responses, 190 respondents offered comments in the “Other” category. Those responses are
summarized in Table 11-56.

Figure 11-166. Choosing vehicles.
Table 11-56. Other comments on choice of vehicle.
Other Comments on Choice
EV vehicle characteristics can be too restrictive for passengers or cargo
I avoid away-from-home charging
I avoid using too many public chargers on one outing
I would use the EV more if DCFC were available
We enjoy driving the other vehicle (i.e., convert)
Our PEV is our first choice always
We limit the miles to avoid lease issues
For longer trips, we use the PEV
Sometimes we need to use both at the same time
EV is our only car
Spouse always uses one and I the other
We use the EV only for short trips
It is used for work commute primarily

Number of Responders
31
13
1
7
4
44
10
9
1
41
3
19
7

Attitudes toward public and workplace charging will be explored further in other EV Project reports.
Regional variations in responses were considered. The results are shown in Figure 11-167.
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Figure 11-167. Choice of vehicle by EV Project region.
Consistently between regions, the EV owners tried to use the EV whenever they could. It also appears
to be common practice that one household member typically used the EV, while another member used a
different vehicle.
While overall, 53% of drivers avoided trips beyond the capacity of their PEV battery, this attitude
varied widely between regions, with San Francisco having the greatest agreement (69%) and Texas
showing the greatest acceptance of charging away from home (21%). At the same time, 38% of the San
Francisco responders noted they would use the EV for longer ranges if they knew public charging was
available.
For San Francisco, the total response for these two questions is greater than 100%, indicating some
responders selected both answers. For these, and perhaps many others, the key may be whether they have
the knowledge of the availability of public charging where they want to go.
 5HSODFLQJ<RXU(OHFWULF9HKLFOHFinally, participants were asked “If you were to
replace your current EV, would you:” and the following choices were provided:
x

Replace it with a BEV

x

Replace it with a PHEV

x

Replace it with a conventional hybrid vehicle

x

Replace it with a conventional gasoline vehicle.
In all, 3,035 responses were received (Figure 11-168).

Overwhelmingly, the PEV owner would replace their existing PEV with another, with 96% of
responders saying they would buy a PEV, while only 4% would buy a hybrid or gasoline vehicle. It is
noted that owners of both vehicles in The EV Project would select a BEV as a replacement over the
PHEV by 84% to 16%. As noted above, there were many survey respondents who own both BEVs and
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PHEVs. Fully, 81% of Leaf owners would replace their Leaf with another BEV, while 70% of Volt
owners would replace their Volt with another PHEV. Twenty-seven percent of Volt owners would replace
their Volt with a BEV and 15% of Leaf owners would replace their Leaf with a PHEV.

Figure 11-168. Replacing the current EV.
 2EVHUYDWLRQVPEV owners in The EV Project were very satisfied with their PEV. While
most had a choice of vehicles in the household, 70% selected the PEV as their primary vehicle and used it
as much as possible. Ninety-four percent drove as much or more in June 2013 as they did when they
bought it, and 96% would select another PEV if they were to replace the one they have.
This satisfaction is important in expanding the PEV market to the early majority noted in
Figure 11-154.
 5HIHUHQFHV
90. “Acceptance and Diffusion of Innovations,”
http://www.valuebasedmanagement.net/methods_rogers_innovation_adoption_curve.html, accessed
August14, 2013.
91. “Who are the Participants in The EV Project,” lessons learned, avt.inl.gov/evproject.shtml.

 +RZ'R7KH(93URMHFW3DUWLFLSDQWV)HHODERXW&KDUJLQJ7KHLU(OHFWULF
9HKLFOHDW+RPH"

,QWURGXFWLRQThe EV Project participants were very cooperative and enthusiastic about
their participation in the project and very supportive in providing feedback and information. The
information and attitudes of these participants concerning their experience with their PEVs was solicited
in a 2013 survey. At that time, some participants had up to 3 years of experience with their PEVs.


.H\2EVHUYDWLRQVIURPWKH6XUYH\RI7KH(93URMHFW3DUWLFLSDQWV

x

In June 2013, 72% of EV Project survey respondents were very satisfied with their home charging
experience.

x

21% of survey respondents relied totally on home charging for all of their charging needs.

x

Volt owners relied more on home charging than Leaf owners, who reported more use of away-fromhome charging.

x

74% of survey respondents reported that they plug in their PEV every time they park at home. Others
plugged in as they determined necessary to support their driving needs.
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x

40% of survey respondents reported that they would not have or are unsure that in June 2013 whether
they would have purchased an AC Level 2 EVSE for home charging if it had not been provided by
The EV Project.

x

61% of survey respondents reported that The EV Project incentive was very important or important in
their decision to obtain a PEV.


:K\,V+RZWKH2ZQHULV)HHOLQJ$ERXW+RPH&KDUJLQJ,PSRUWDQW"PEVs
require recharging to sustain the battery for electric drive transportation. The owner of the PEV
essentially has three choices for charging: home, workplace, or publicly accessible locations. The EV
Project participants were the innovators and early adopters of electric drive transportation. Their feedback
on how they felt about charging their PEV is of interest because it can shape this new technology for
wider adoption.

3DUWLFLSDQW,QIRUPDWLRQUnderstanding the demographics of The EV Project participant
is important in understanding their choices and attitudes toward electric transportation. The age, gender,
average household income, and education level were explored in “Who are the Participants in The EV
Project?” [92].
Satisfaction of participants with their PEVs was explored in “How do The EV Project Participants
Feel About their EVs?” [93].
The Nissan Leaf sales rollout plan defined the initial five regions of The EV Project, anticipating
them to be the locations of the innovators and early adopters of PEVs. Later expansion of The EV Project
included 16 metropolitan areas in nine states plus the District of Columbia. Within these regions, physical
study boundaries were established. The views and attitudes of project participants nationally and
regionally are explored in this report.

:KLFK3OXJ,Q(OHFWULF9HKLFOHGLGWKH\$FTXLUH"The EV Project achieved full
enrollment of residential participants early in 2013. Final enrollment in each market was ultimately
determined by the PEV market conditions, which were driven by local PEV dealer promotions and local
government incentives and local demographics. Table 11-57 identifies the number of participants driving
Nissan Leafs and Chevrolet Volts in each region. Because of other DOE projects in the area, Chevrolet
Volt drivers were not included in The EV Project in the San Francisco region.
Table 11-57. Regional participation in The EV Project.
Leaf
Volt
Arizona
376
156
Los Angeles
471
344
San Diego
722
277
San Francisco
1,874
–
Oregon
558
136
Washington State
969
177
Tennessee
942
144
Texas
34
288
Washington D.C.
50
291
Atlanta
176
77
Chicago
34
129
Philadelphia
32
54
Overall
6,238
2,073
The original completion date of The EV Project was December 2012. Later expansion of the project
also extended the completion date to December 2013. Some participants retired from the project at the
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end of the original period. In addition, some other participants retired because they sold their vehicles or
their vehicles were destroyed in accidents.

3DUWLFLSDQW6XUYH\For participants in The EV Project, residential charging is
accomplished through the use of the AC Level 2 EVSE. AC Level 2 uses a 240-volt circuit in the home
similar to that used for a clothes dryer or hot water heater. The EV Project participants were provided the
Blink AC Level 2 charging station for their residence at no cost, along with a specified credit toward the
cost of installation of that station, in exchange for their agreement to allow The EV Project to collect and
use their residential and non-residential charging and vehicle data.
One goal of The EV Project was to gain an understanding of participant experience and attitudes
toward their PEV usage. In support of this goal, an online survey was sent to 7,730 active EV Project
participants. The survey solicited 3,236 responses for a 42% response rate. Among the topics identified
were questions related to charging their PEV battery at home. Table 11-58 presents the responses received
by region and vehicle type.
Table 11-58. Survey responses by region.

Arizona
Los Angeles
San Diego
San Francisco
Oregon
Washington
State
Tennessee
Texas
Washington
D.C.
Atlanta
Chicago
Philadelphia
Unknown
Overall

Leaf
Volt
Responses Responses
159
74
133
120
244
109
553
211
74
378
83

Leaf and
Volt
Responses
1
7
7
4
2
3

345
11
13

54
119
114

2
2
2

74
15
13
159
2308

39
67
26
2
881

1
1
2
34

Thirty-four of the respondents reported having both a Leaf and a Volt in The EV Project and
13 reported they were no longer participating; 163 responses were provided that identified the type of
vehicle, but not the region of The EV Project.

&KDUJLQJDW+RPHThe EV Project’s quarterly reports have identified that about 74% of
all charging events for the Leaf and 80% of all charging events for the Volt occur at home [94].
&KDUJLQJ1HHGV²Participants were asked, “How much of your charging needs are met by home
charging?” They were provided with seven possible responses. The response choices were (in increasing
order of away-from-home charging) as follows:
x

Away-from-home charging is not available in my area.

x

Never use charging away from home.

x

Occasionally use charging away from home.

x

Frequently use charging away from home.
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x

Rely on away-from-home charging as much as home charging.

x

Mostly use charging away from home.

x

Rarely, if ever use home charging.
In all, 3,129 responses were received. Figure 11-169 shows the responses.

Figure 11-169. Charging needs.
For analysis, the responses were grouped in order to summarize whether the PEV owner’s charging
needs were met by home charging (see Figure 11-170).
Forty-two responses (1%) indicated that away-from-home charging was not available in their area.
However, in all locations of The EV Project, public infrastructure was installed by The EV Project and
others also may have installed public charging. This is interpreted as either the respondent was unaware
of this availability or the EVSE was not in an area frequented by the respondent.

Figure 11-170. Charging needs met.
It is also of interest that 21% of the responders reported they never use away-from-home charging.
How EV Project participants feel about away-from-home charging is explored in another report [95].
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The “Occasional to high-reliance on away-from-home charging” included the occasional, frequent,
and those that rely on away-from-home charging as much as home charging. This was the highest ranking
selection with 75% choosing this response.
6HJPHQWHG&KDUJLQJ1HHGV²Prior to sending the survey, the participants were segmented by their
vehicle type and charge data, which indicated they never charged away from home, they occasionally
charged away from home, they frequently charged away from home, and those whose typical behavior
could not be determined because of GPS or other data inconsistencies. In all, 3,049 of the responses
self-identified in the segments reflecting their actual charging pattern, with 104 respondents skipping this
question. The segmented groups are identified in the columns and their responses to this question are in
the rows of Table 11-59.
Table 11-59. Segmented responses to charging needs met.

The red responses show inconsistency between the survey respondents’ responses and their charge
data. For example, 50 Leaf Owners’ charging data show all charges were conducted at their residence, but
their survey responses indicate they occasionally or frequently use away-from-home charging. In
addition, 12 Volt owners whose charging data show they occasionally or frequently charge away from
home responded that away-from-home charging is not available to them.
Yellow highlighted cells indicate questionable consistency and green indicates good consistency
between the charge data and participant responses. Eight-seven percent of the responses displayed
consistency between their charge data and survey responses.
However, it must be recognized that subjective descriptions such as “never” or “rarely” may lose
distinction for some. It is also possible that past charging at away-from-home locations occurred, but the
intent of the participant is that they no longer charge away from home or even that they no longer desire
to charge away from home.
&RQQHFWLQJWR+RPH&KDUJLQJ²Participants were asked, “Do you intend to plug in your EV every time
you park at home?” For those who responded “no,” additional comment space was allowed. In all,
2,970 responses were provided (see Figure 11-171).
Responses by Volt owners indicating the frequency of plugging-in at home is consistent with the
charge data reported in The EV Project quarterly reports [96], which also indicate that the Volt owner
plugs in more at home than the Leaf owner. However, it is quite interesting that Leaf owners intended to
plug in at home only 67% of the time, while Volt owners were above 90%. Nissan has informally
suggested that the Leaf should be routinely recharged to 80% capacity and as necessary to meet the
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respective range needs. It does not need to be plugged in at every opportunity nor recharged to 100% on
every charge [97].

Figure 11-171. Intentions of plugging in.
The regional “yes” responses to this question by Leaf and Volt owners are shown in Figure 11-172.

Figure 11-172. Regional responses to plugging-in intention.
Over all of the regions, the Volt drivers’ intent to plug in every time, more so than the Leaf owners’
intent, is evident and overall, 74% of respondents intend to plug in every time they park at home.
The average distance traveled per day when driven for the second quarter of 2013 is shown in
Figure 11-173. This figure correlates closely with the responses of Figure 11-172, although the spread
between Leaf and Volt owners evident in Oregon and Chicago are not borne out by distances traveled.
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Figure 11-173. Average distance traveled per day in the second quarter of 2013 [97].
Seven hundred and seventy-seven free-form comments were received related to why a respondent did
not intend to plug in on every park at home. The responses were aggregated into several typical responses
as noted in Table 11-60. Overall, 9% of the responses indicated the decision to plug-in was based on
personal criteria from information displayed by the vehicle (e.g., the battery SOC or miles remaining or a
sense that the charge is “low”). Overall, 5% of the responders noted that while they do not plug in every
time at home, they do charge nightly. Some reported this as a nightly routine to plug-in as one might
check that the doors are locked.
The most commonly stated reason for not plugging in every time when parked at home was the
owner’s desire to plug in when it was necessary for the next day or next trip. This represents 8% of all
survey responses received. Only 2% indicated that they mostly plug in at work.
+RPH&KDUJLQJZLWK$OWHUQDWLQJ&XUUHQW/HYHO(OHFWULF9HKLFOH6XSSO\(TXLSPHQW²Participants
were asked, “If you had not received an AC Level 2 charging station from The EV Project, do you think
you would have purchased one?” For those who responded “no,” additional comment space was allowed
to “please explain why your vehicle’s AC Level 1 cordset would meet your needs.” In all, 3,010
responses were provided and are shown in Figure 11-174.
The percentage of “No” or “Not sure” responses is significant. This can reflect the responder
considering his/her desires at the time of purchase and/or his/her understanding of current driving and
charging needs. Whether the PEV driver has changed his/her driving habits over time will be the subject
of another report.
The specific comments of those who reported “no” to this question are shown in Table 11-61. There
may have been some confusion about this question, because the number one reason survey respondents
provided for not purchasing the AC Level 2 for home use was that they needed it and would have
purchased it. This comment is inconsistent with their “no” response. It is recognized that this question
tries to understand a previous purchasing motivation but is also tainted by the owners experience since
that purchase, which may be reflected in this specific response.
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Table 11-60. Comments related to home charging intentions.

These comments for “no” responses represent just 8% of the total.

Figure 11-174. AC Level 2 EVSE desired at home.
(OHFWULF9HKLFOH6XSSO\(TXLSPHQWDQG,QVWDOODWLRQ&RVW²Participants were asked, “When you
decided to buy/lease an EV, how important was it to you that you could get a free AC Level 2 charging
station and installation credit from The EV Project?” The response choices were as follows:
x

Not Important – I appreciated the charging unit and credit but it did not factor in my decision.

x

Not Important – I did not need AC Level 2 at home to meet my planned EV needs anyway.

x

Somewhat important – I would have purchased the EV anyway, but this simplified the process.

x

Important – I would have purchased the EV anyway, but overall cost was a significant concern.
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x

Very important – I would not have purchased the EV without The EV Project incentives.

Table 11-61. Comments on why respondent would not have purchased a home AC Level 2 EVSE.

In all, 3,116 responses were received and the results are shown in Figure 11-175.

Figure 11-175. Importance of incentive in decision.
Sixty-one percent of all responders identified this incentive as “very important” or “important” in that
it affected their decision on whether to purchase or lease a PEV, with 66% of Leaf owners and 47% of
Volt owners in these categories. Twenty-five percent of Leaf owners responded that they would not have
obtained their PEV without this incentive.
This response is somewhat unexpected. The early adopters of electric drive transportation are
typically highly educated with a median household income of $149,000 [98]. It was expected that the
incentive would motivate owners to allow The EV Project to use their charging and vehicle data, but
would not factor highly in a purchase decision.
Figure 11-180 provides the responses by region. Tennessee, San Diego, and Los Angeles reported the
highest percentage of “important” or “very important” responses.
3URJUDPPLQJWKH5HVLGHQWLDO(OHFWULF9HKLFOH6XSSO\(TXLSPHQW²The Blink AC Level 2 residential
EVSE and the Leaf and Volt vehicles have programming features that allow selection of a preset time at
which the charge will begin. The vehicle may be connected to the EVSE, but the charge will not begin
prior to this preset time, unless overridden by the driver. For those in electric utility service territories,
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where there are TOU rates, this can be important in reducing charging costs. Participants were asked,
“Which of the following responses best reflects your situation?” The response choices provided are as
follows:

Figure 11-176. Importance of incentives by region.
x

My electric utility does not provide TOU rates and I do not program the charging unit or EV.

x

My electric utility does not provide TOU rates, but I program either my charging unit or EV to start at
a specific time anyway.

x

My electric utility does provide TOU rates, but I do not program my charging unit or EV.

x

I am on the TOU rate for my electric utility and I program the charging unit only.

x

I am on the TOU rate for my electric utility and I program the EV only.

x

I am on the TOU rate and I have programmed both the charging unit and the EV.

x

I am on a special rate with my electric utility (such as home solar) and I do not program the charging
unit or EV.

x

I am on a special rate with my electric utility (such as home solar) and I do program either the
charging unit and/or the EV.
In all, 3,124 responses were received and are shown in Figure 11-177.

A review of the regional responses shows a strong correlation between the areas where TOU rates are
available and those who program their PEV, their EVSE, or both. It is noted that a significant percentage
(i.e., 12%) of respondents live in areas where TOU rates are available, do not program to take advantage
of these rates. It is also interesting to note that 11% program the timing of their charge, even though TOU
rates are not available and there is no apparent financial incentive to do so. These and other factors are
investigated further in another report on PEV driver responses to TOU rates [99].
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Figure 11-177. Programming the EVSE and/or EV.

6DWLVIDFWLRQZLWK5HVLGHQWLDO&KDUJLQJParticipants were asked, “How satisfied are
you today with your residential charging experience?” A scale of 1 to 5 was provided with 1 = Very
dissatisfied and 5 = Very satisfied. In all, 3,004 responses were received and Figure 11-178 provides the
responses.

Figure 11-178. Participation satisfaction with residential charging.
The overall ranking was 4.45 on this scale. This indicates that 88% of respondents were satisfied with
their home charging experience.

&RQFOXVLRQVOverall, PEV owners in The EV Project are satisfied with their home
charging experience. Twenty-one percent of responders report they never use charging away from home
for their charging needs, 74% report they plug in every time they come home, and another 5% make sure
they charge nightly. Overall, 60% reported they would have purchased an AC Level 2 EVSE at home if it
had not been provided by The EV Project, although 61% reported the incentive was important or very
important to their purchase decision. 
This satisfaction is important in expanding the PEV market to the early majority.
 5HIHUHQFHV
92. “Who are the Participants in The EV Project,” Lessons Learned, avt.inl.gov/evproject.shtml.
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93. “How do The EV Project Participants feel about their EV?” Lessons Learned,
avt.inl.gov/evproject.shtml.
94. EV Project EVSE and Vehicle Usage Report 2nd Quarter 2013, avt.inl.gov/evproject.shtml.
95. “EV Project Participants and Away-From-Home Charging,” Lessons Learned,
avt.inl.gov/evproject.shtml.
96. op.cit. 2nd Quarter 2013.
97. http://www.torquenews.com/1075/nissan-answers-questions-about-optimally-charging-nissan-leaf.
98. op.cit. Who are the Participants.
99. http://avt.inl.gov/pdf/EVProj/125348-714937.pev-driver.pdf.

 +RZ'R7KH(93URMHFW3DUWLFLSDQWV)HHO$ERXW&KDUJLQJ7KHLU(9$ZD\
)URP+RPH"

,QWURGXFWLRQThe EV Project participants were very cooperative and enthusiastic about
their participation in the project and very supportive in providing feedback and information. The
information and attitudes of these participants concerning their experience with their PEVs were solicited
using a survey in June 2013. At that time, some had up to 3 years of experience with their PEVs.


.H\2EVHUYDWLRQVIURPWKH6XUYH\RI7KH(93URMHFW3DUWLFLSDQWV

x

In June 2013, 41% of survey respondents who used their PEV for work reported having the
availability of charging at their workplace.

x

For those who had workplace charging available, nearly twice as many reported AC Level 2 being
available as AC Level 1.

x

36% of survey respondents reported that workplace charging was very important or essential to
meeting their PEV driving needs.

x

69% of survey respondents reported they very rarely or never used publicly accessible charging.

x

34% of survey respondents suggested that expanding the availability of public charging would result
in its greater use.


:K\,V+RZWKH2ZQHU)HHOV$ERXW$ZD\)URP+RPH&KDUJLQJ,PSRUWDQW"
PEVs require recharging to sustain the battery for electric drive transportation. The owner of the PEV
essentially has three choices for charging: home, workplace, or public locations. How the participant felt
about home charging was explored in “EV Project Participant and Charging at Home” [100]. This current
report focuses on their away-from-home charging experience.
The EV Project participants were the innovators and early adopters of electric drive transportation.
Their feedback on how they felt about charging their PEV is of interest because it can shape this new
technology for wider adoption.

3DUWLFLSDQW,QIRUPDWLRQUnderstanding the demographics of The EV Project participant
is important in understanding their choices and attitudes toward electric transportation. The age, gender,
average household income, and education level were explored in “Who are the Participants in The EV
Project?” [101].
Satisfaction of participants with their PEVs was explored in “How do The EV Project Participants
feel about their EVs?” [102].
The Nissan Leaf sales rollout plan defined the initial five regions of The EV Project, anticipating
them to be the location of the innovators and early adopters of PEVs. Later expansion of The EV Project
included 16 metropolitan areas in nine states plus the District of Columbia. Within these regions, physical
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study boundaries were established. The views and attitudes of project participants nationally and
regionally are explored in this report.

:KLFK3OXJ,Q(OHFWULF9HKLFOHGLGWKH\$FTXLUH"The EV Project achieved full
enrollment of residential participants early in 2013. Final enrollment in each market was ultimately
determined by the PEV market conditions, which were driven by local PEV dealer promotions and local
government incentives and local demographics. Table 11-62 identifies the number of participants driving
Nissan Leafs and Chevrolet Volts in each region. Because of other DOE projects in the area, Chevrolet
Volt drivers were not included in The EV Project in the San Francisco region.
The original completion date of The EV Project was December 2012. Later expansion of the project
also extended the completion date to December 2013. Some participants retired from the Project at the
end of the original period. In addition, some other participants retired because they sold their vehicles or
their vehicles were destroyed in accidents.
Table 11-62. Regional participation in The EV Project.
Leaf
Volt
Arizona
376
156
Los Angeles
471
344
San Diego
722
277
San Francisco
1,874
0
Oregon
558
136
Washington State
969
177
Tennessee
942
144
Texas
34
288
Washington D.C.
50
291
Atlanta
176
77
Chicago
34
129
Philadelphia
32
54
Overall
6,238
2,073

3DUWLFLSDQW6XUYH\For participants in The EV Project, residential charging is
accomplished through the use of the AC Level 2 EVSE. AC Level 2 uses a 240-volt circuit in the home
similar to that used for a clothes dryer or hot water heater. The EV Project participants were provided the
Blink AC Level 2 charging station for their residence at no cost, along with a specified credit toward the
cost of installation of that station, in exchange for their agreement to allow The EV Project to collect and
use their residential and non-residential charging and vehicle data.
One goal of The EV Project was to gain an understanding of participant experience and attitudes
toward their PEV usage. In support of this goal, an online survey sent to 7,730 active EV Project
participants. The survey solicited 3,236 responses for a 42% response rate. Among the topics identified
were questions related to charging their PEV battery away from home. Table 11-63 presents the responses
received by region and vehicle type.
Thirty-four of the respondents reported having both a Leaf and a Volt in The EV Project and
13 reported they were no longer participating; 163 responses were provided that identified the type of
vehicle but not the region of The EV Project.

&KDUJLQJ$ZD\IURP+RPHThe EV Project’s quarterly reports have identified that
about 20% of all charging events for the Leaf and 14% of all charging events for the Volt occur away
from home [103]. This includes both publicly accessible and workplace charging. The first series of
questions deals with workplace charging.
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Table 11-63. Survey responses by region.
Leaf
Volt
Responses Responses
Arizona
159
74
Los Angeles
133
120
San Diego
244
109
San Francisco
553
–
Oregon
211
74
Washington
378
83
State
Tennessee
345
54
Texas
11
119
Washington
13
114
D.C.
Atlanta
74
39
Chicago
15
67
Philadelphia
13
26
Unknown
159
2
Overall
2,308
881


Leaf and Volt
Responses
1
7
7
4
2
3
2
2
2
1
–
1
2
34

:RUNSODFH&KDUJLQJ

$YDLODELOLW\DQG8VHRI:RUNSODFH&KDUJLQJ²Participants were asked, “Do you have access to
charging at work?” The response choices provided were as follows:
x

Yes, I often or sometimes use it.

x

Yes, I have access, but I never or rarely use it.

x

No, but I would use it if it were available.

x

No and I would not use it if it were available.

x

I don’t know.

x

NA, I don’t use my EV for work.

In all, 2,961 responses were received. Of those, 382 indicated they did not use their EV for work. The
responses from the remaining 2,579 are shown in Figure 11-179.
Workplace charging was available for 1,058 of The EV Project survey respondents. It is significant
that this many employers provided this benefit for employees, given the early stage in EV deployment. It
is not clear from the survey whether the availability of workplace charging was a factor in the
participant’s decision to purchase a PEV.
The regional availability of workplace charging for those who used their EV for work is shown in
Figure 11-180.
Overall, 41% of the respondents who used their PEV for work commuting had access to workplace
charging. For those who had availability of workplace charging, proportionally more Volt owners
declined to use it. The responses of the Leaf and Volt owners about availability and use are shown in
Figure 11-181.
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Figure 11-179. Availability and use of workplace charging.

Figure 11-180. Availability and use of workplace charging by region.

Figure 11-181. Availability and use of workplace charging by vehicle.
:RUNSODFH&KDUJHUV²The participants who had access to workplace charging were asked, “Is your
workplace charging station…:” The response choices provided were as follows:
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x

AC Level 1 (120-volt AC – it may be a typical wall outlet to plug in the vehicle cordset)

x

AC Level 2 (240-volt AC – equipment similar to your Blink unit at home, but could be supplied by
other manufacturers)

x

Direct Current (DC) Fast Charge (the connector plugs into the DCFC inlet on your Leaf).

x

More than one answer was allowed. The results are shown in Table 11-64.

The quantity of available DCFCs at work was not expected, although most responses were from San
Francisco and Tennessee, where a significant number of DCFCs were installed.
Table 11-64. Workplace charger type.
Type
Responders
AC Level 1
411
AC Level 2
802
DC Fast Charger
148
Total
1,361
,PSRUWDQFHRI:RUNSODFH&KDUJLQJ²The participants who had access to workplace charging were
asked, “How important is workplace charging in meeting your EV driving needs?” The response choices
provided were as follows:
x

Essential – could not use my EV without workplace charging

x

Very important – strongly desire full charge flexibility when leaving work

x

Important – nice to have the added flexibility

x

Somewhat important – I rely on workplace charging for my peace of mind

x

Not important – I do not need workplace charging to meet my planned EV needs.
Figure 11-182 shows distribution of the 1,166 responses received.

Figure 11-182. Importance of workplace charging.
Thirty-six percent of the responders reported that workplace charging was very important or essential
to meeting their EV driving needs.
One of the questions explored in the report on home charging dealt with how much of the
participant’s charging needs are met by home charging. The importance of workplace charging was
compared to the responses on where charging needs are met. Table 11-65 shows the results with
workplace charging in the columns and charging needs met in the rows.
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Table 11-65. Importance of workplace charging versus charging location.

Seventy-two percent of the responders who reported a significant amount of charging away from
home (i.e. “mostly use charging away from home” or “rely on away-from-home charging as much as
home charging”) rated workplace charging as important. Overall, 9% of responders reported workplace
charging to be essential to their use of the EV. For others, the availability of workplace charging may not
be essential, but they certainly relied on it as part of their daily routine.
Of the 663 responders who reported workplace charging was available and they often or sometimes
used it, 52% reported it was very important or essential in meeting their planned PEV needs. Of the
448 who reported workplace charging was available but they rarely or never used it, 40 reported it was
very important or essential in meeting their planned PEV needs. The apparent inconsistency in response
of these 40 people could either be an incorrect understanding of the question or that they see their
occasional use as very important or essential.


3XEOLFO\$FFHVVLEOH&KDUJLQJ

8VHRI3XEOLFO\$FFHVVLEOH&KDUJLQJ²Participants were asked, “How often do you use public
charging?” In all, 2,912 responses were received and are shown in Figure 11-183.

Figure 11-183. Use of publicly accessible charging.
Sixty-nine percent of responders reported they very rarely or never use public charging.
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Prior to sending the survey, the participants were segmented by their vehicle type and charge data,
which indicated one of the following: they never charged away from home, they occasionally charged
away from home, they frequently charged away from home, and those whose typical behavior could not
be determined because of GPS or other data inconsistencies. The response to this question was analyzed
using the segmented group. The segmented groups, based on data collected, are represented by the
columns and their responses to this question are in the rows of Table 11-66.
Table 11-66. Use of public charging by segmented groups.

The red responses show inconsistency between the participant’s responses and their charge data. For
Leaf owners whose charge data indicated they had never charged away from home, 15 reported that they
did so daily or a few times per month. Yellow highlighted responses indicate a potential inconsistency.
There may be inconsistencies for 133 Leaf owners whose charge data showed occasional or frequent
away from home charging, but the responses reported never using public charging (although they may
have used workplace charging).
Of the 42 responders who reported that away-from-home charging was not available in their area,
13 reported they had used public charging. Of the 664 responders who reported that they never used
charging away from home, 232 reported that they had used public charging. The reasons for these
inconsistencies by individuals in different questions but in the same survey instrument are unknown.
:RUNSODFHDQG3XEOLF&KDUJLQJ²The survey questions concerning home charging previously reported
[104] included the question “How much of your charging needs are met by home charging?” Table 11-67
compares the top responses involving the most away-from-home charging to the responses on the use of
workplace and the use of publicly accessible charging. Because the responses came from separate
questions, the responses in each category may not be equal. For example, in the question on home
charging, 13 reported that they rarely if ever use home charging. In the question on Workplace charging,
of those 13, two reported they have access but rarely use it and five reported they often or sometimes use
it, while one of those original 13 reported they use public charging a few times per month. The other
five of the original 13 responded with different choices.
For those most familiar with away-from-home charging and who used it, workplace charging appears
to hold a higher level of importance than public charging.
'HVFULEH8VHRI3XEOLFO\$FFHVVLEOH&KDUJLQJ²Responders were asked to describe their use of
publicly accessible charging. Free-form responses were allowed and the 750 responses generally fell into
18 separate categories as shown in Table 11-68.
Generally, it can be expected that publicly accessible charging will only be used if it is relatively
convenient to the destination of the PEV driver or along their intended route, which is shown by the most
common comments provided. The difference between responses 2 and 3 is interpreted as the former is a
planned excursion beyond the range of the Leaf while the latter is an instance of the Leaf owner traveling
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beyond the vehicle range, due to extra errands or stops that were not planned at the outset of the trip. In
both cases, public charging is required to complete the trip home. The responses of “I use if no other
option is available/emergency use only” typically reflected planned trips that were expected to be well
within the battery range of the vehicle and depleting the battery charge was an unexpected event.
Table 11-67. Away-from-home charging summary.

Table 11-68. Participant’s use of public charging.
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,QFUHDVLQJ3XEOLF&KDUJLQJ²Participants were asked, “What do you suggest could be done to increase
use of public charging?” This was a free form comment section. In all, 2,253 individual informative
responses were received.
The responses were aggregated into 23 suggestions (see Table 11-69).
Table 11-69. Comments on increasing public charging.

It is of interest to segregate responses by those who most frequently charge away from home; both by
written response and by vehicle charge data. Participant responses to previous questions in the survey that
they “rarely use home charging”, “mostly charge away from home”, or “rely on away-from-home
charging as much as home charging” are shown in the first 3 columns of Table 11-70. For those who
provided the specific comment, their actual vehicle charge data were queried to identify whether they
indeed had frequent away-from-home charging. Those responses are shown in the two right columns of
Table 11-70. Because the survey information and the vehicle charge data come from different sources, the
totals in the right two columns may be different from those in the left three columns. This may also reflect
inconsistencies in the individual’s responses (e.g. vehicle charge data demonstrates frequent use of
away-from-home charging, but the individual does not respond as such in the survey).
The most frequent response (i.e., 34%) was to expand the deployment of public charging to more
locations. Typically, responses indicated that drivers were not able to find public charging in locations
they frequent. The next highest suggestion indicates that there is a strong desire for more DCFCs in all
regions. Although the Volt does not have fast charge capability, this was recognized by some Volt
responders as important. Third, a high percentage of respondents identified the cost of public charging as
a negative. Many thought that public charging should be at no cost or at most, the same cost, as they
would be charged at home.
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Table 11-70. Increasing use of public charging comments from high users.

Just as it was important to view the responses of those who frequently charged away from home, it
might be instructive to view the comments from those who do not. Table 11-71 provides the results of the
comments from those who self-identified that away-from–home charging was not available to them or
that they never charged away from home; they are represented in the first two columns of Table 11-71.
A review of their actual vehicle charge data also identified those who never charge away from home, both
for the Leaf and the Volt. Those responses are shown in the two right columns of Table 11-71. As before,
the totals in the right two columns may not match the totals in the left two columns.
Table 11-71. Increasing use of public charging comments from non-users.

The top three suggestions are the same for those not using public charging as those using public
charging. However, responses from non-users also emphasized making it easier for people to find public
charging in maps or apps, to know how to use it through education and easier to use EVSE, and to have it
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available when they arrive through reservations, including interoperability of membership cards, etc. It
appears that for those who have not used public charging, there is apprehension about trying it.
 &RQFOXVLRQVOverall, 15% of all charging events by The EV Project participants were
performed away from home. This away-from-home charging can occur either at work or at publicly
accessible EVSE. The survey responses showed that a significant percentage (i.e., 41%) of the survey
respondents had access to workplace charging. For those who had charging available at work, over
one-third reported that using workplace charging was very important or essential to their use of the PEV.
Many others would use workplace charging if it were provided to them.
Publicly available charging, on the other hand, was not as accepted for meeting PEV charging needs.
A significant percentage (i.e., 69%) reported never using or very rarely using public charging. While
many comments suggest that expanding the infrastructure would provide more public EVSE in places
they frequent, it is unclear whether they would be willing to pay the access fees necessary to support that
expansion.
 5HIHUHQFHV
100. “EV Project Participant and Charging at Home,” Lessons Learned, avt.inl.gov/evproject.shtml.
101. “Who are the Participants in The EV Project,” Lessons Learned, avt.inl.gov/evproject.shtml.
102. “How do The EV Project Participants feel about their EV?” Lessons Learned,
avt.inl.gov/evproject.shtml.
103. EV Project EVSE and Vehicle Usage Report 2nd Quarter 2013, avt.inl.gov/evproject.shtml.
104. op.cit. Charging at home.

 (93URMHFW9HKLFOH8VH
 +RZ0DQ\(OHFWULF0LOHV'R1LVVDQ/HDIVDQG&KHYUROHW9ROWVLQ7KH(9
3URMHFW7UDYHO"

,QWURGXFWLRQBEVs, such as the Nissan Leaf, are powered exclusively by electricity. The
maximum driving range between refueling – in this case recharging – of a BEV is limited by the energy
storage capacity of the vehicle’s battery. EREVs, such as the Chevrolet Volt, can also be powered
exclusively by electricity; however, they have smaller batteries and, therefore, shorter EVM range than
BEVs. EREVs provide range extension using an ICE. The electric ranges of BEVs and EREVs are
quantified by auto manufacturers and third parties such as the U.S. EPA. However, it is the owners’
driving and charging behavior that determines how much distance is actually traveled using electric
power.
This paper investigates the observed monthly distance traveled when powered solely by electricity, or
eVMT of Nissan Leafs and Chevrolet Volts enrolled in The EV Project.


.H\&RQFOXVLRQV

x

Between October 2012 and December 2013, Nissan Leaf drivers in The EV Project averaged
808.1 eVMT per month. Chevrolet Volt drivers in The EV Project Volt averaged 759.3 eVMT per
month and 1,019.8 total vehicle miles traveled per month.

x

The distributions of eVMT per month for Leafs and Volts overlap significantly, indicating that many
Volts drove the same or more electric miles than Leafs, despite a large difference in electric range.

x

Change in eVMT from month to month over the 15 month study period was similar for Leafs and
Volts, suggesting that seasonal effects influence drivers of both vehicles in the same way.
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:KLFK9HKLFOHV$UH%HLQJ6WXGLHG"Private owners of Nissan Leafs and Chevrolet
Volts in 19 metropolitan areas across the United States participated in The EV Project. They agreed to
allow project researchers to electronically monitor the usage of their vehicles throughout the project.
Data collection from Leafs and Volts in The EV Project began in January 2011 and August 2011,
respectively. It ended for both groups of vehicles on December 31, 2013. Parameters recorded by the
vehicle telematics system included the vehicles’ odometer reading. The set of parameters logged by EV
Project Volts was expanded on October 1, 2012, to include the EV-mode odometer. This parameter
provides the distance driven in EVM. In order to compare Leaf and Volt eVMT, this study considers data
from Leafs and Volts logged from October 1, 2012, through December 31, 2013. Table 11-172 describes
the size of the Leaf and Volt data sets that were analyzed in this study.
Table 11-72. Description of The EV Project Leaf and Volt data sets.
Nissan Leaf
Chevrolet Volt
Number of vehicles
4,039
1,867
Number of vehicle months
35,294
20,545
Total distance traveled (miles)
28,520,792
20,950,967
Distance traveled in EVM (miles)
28,520,792
15,599,508
Percent of distance traveled in EVM
100%
74.5%

'LVFXVVLRQRI5HVXOWVMonthly eVMT was determined by calculating the change in
the Leaf’s odometer and the Volt’s EV-mode odometer across each vehicle month when sufficient data
were reported. Monthly total vehicle miles traveled (VMT) by Volts was also calculated in the same way
using the Volt odometer. Volt VMT includes all distances driven, either when in EVM or in ERM. VMT
and eVMT in each vehicle month in the Leaf and Volt data sets were averaged to provide a simple
comparison. Table 11-73 shows these results.
Table 11-73. Average monthly total and eVMT.
Nissan Leaf
Chevrolet Volt
Average monthly total VMT
808.1
1,019.8
Average monthly eVMT
808.1
759.3
The EPA’s electric range of the Leaf is approximately double that of the Volt [105]. However, Leaf
drivers in The EV Project averaged only 6% more actual electric miles per month than Volt drivers.
To see the variation of VMT and eVMT among vehicles and from month to month, the distributions
of these metrics were examined. Figure 11-184 shows the frequency distributions of the average VMT
and eVMT from each vehicle. Each data point in the distributions represents a single vehicle’s average
over the entire study period. The number of vehicles represented is shown in Table 11-74.
The range of Volt average monthly VMT extends farther to the right than the range of Leaf eVMT,
indicating that some Volt drivers averaged more total miles per month than any Leafs. This is not
surprising given that the overall range between refueling of the Chevrolet Volt is five times higher than
the Leaf [106]. However, there is significant overlap between the Volt VMT and Leaf eVMT curves. This
means that many Leaf drivers averaged the same or more miles per month than many Volt drivers, despite
the Volt’s much longer overall range. This illustrates the fact that some drivers have a driving routine that
accommodates either vehicle. (Naturally, consumers do not make choices based on their average
behavior, but rather their day-to-day driving needs. Such analysis is beyond the scope of this paper,
however.)
The distributions of Volt and Leaf average monthly eVMT in Figure 11-184 are remarkably similar.
A large number of Volts averaged the same or higher monthly eVMT than many Leafs, despite having a
11-229

much shorter electric range. The disparity between electric range and eVMT can be explained by
three reasons. First, Volt drivers in The EV Project have been shown to charge more frequently, on
average, than Leaf drivers [107]. Frequent charging extends the effective EV-mode range of the vehicle.
Secondly, Volt drivers can fully deplete their batteries and continue to their destinations in ERM, if
necessary. Leaf drivers, on the other hand, are less likely to realize their full electric range, because of the
impracticality of planning stops for charging precisely when the battery is fully depleted. Finally, Leaf
drivers may have purchased their vehicles with the understanding that they do not require long driving
range or they have the option of driving a different vehicle on long trips.

Figure 11-184. Distribution of vehicle average monthly eVMT and VMT, where each data point in the
distributions represents a single vehicle’s average over the entire study period.
Figure 11-185 shows the frequency distributions of VMT and eVMT per vehicle month. Each data
point in these distributions represents a single vehicle month. All vehicle months in the data sets were
included. The number of vehicle months represented is shown in Table 11-72. The numeric data for the
distributions shown in Figures 11-184 and 11-185 are included in the tables in Section 11.6.1.6.
One would expect the distributions in Figure 11-185 to be wider than the distributions in
Figure 11-184, because they represent the variation of eVMT and VMT in individual months, rather than
variation between one vehicle’s average eVMT or VMT to another’s vehicle’s average. For example, a
driver may hypothetically drive 800 miles each month for 14 months and 1,500 miles in 1 month. The
single month with an unusually high VMT would not affect the driver’s overall average much; therefore,
it would not noticeably shift the VMT distribution in Figure 11-184. However, this single month outlier
would be included in the VMT distribution in Figure 11-185 and it would act to widen the distribution. In
light of this, it is significant that the distributions in Figure 11-185 are only slightly wider than those in
Figure 11-184. This means that the majority of the variation in eVMT and VMT is between drivers, rather
than between months for each driver.
In addition to calculating the distributions of eVMT and VMT per vehicle month for the entire study
period (Figure 11-185), these distributions were calculated separately for each of the 15 months in the
study period. Descriptive statistics describing these monthly distributions were examined to identify
changes in behavior over time. Figure 11-186 shows lines that connect the median values of the Leaf and
Volt eVMT and Volt VMT distributions in each of the 15 months in the study period.
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Figure 11-185. Distribution of eVMT and VMT per vehicle month, where each data point in the
distributions represents a single vehicle month.

Figure 11-186. Median eVMT and VMT per vehicle month over time.
The Leaf’s median eVMT (blue line) is slightly higher than the Volt’s median eVMT (green line)
throughout the 15-month study period; however, the medians are nearly equal in August 2013. The eVMT
medians rise and fall fairly proportionally, with only a few exceptions. The 25th and 75th percentile
values for the distributions each month (not shown) rise and fall with the medians, indicating that the
shapes of the distributions are relatively constant month after month. This proportional shifting of the
distributions overtime suggests that seasonal effects influence both Leaf and Volt drivers in the same way.
Regional analysis is needed to confirm this hypothesis.
The ratio of the Volt’s median eVMT to its median VMT (red line) is the percentage of distance
traveled in EVM each month. Visual inspection of Figure 11-186 shows this value remained relatively
consistent. There was seasonal variation, however; the months of April through October saw 74% to 77%
of distance in EVM, whereas vehicles averaged 70% to 74% miles in EVM in November through March.
This metric by month is included in the Table 11-76, along with descriptive statistics for the monthly
eVMT and VMT distributions.
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105. www.fueleconomy.gov gives an EPA-estimated electric range of 73 miles for MY2011/2012 Nissan
Leafs and 75 miles for the MY2013 Leaf; the EPA electric range is 35 miles for MY2011/2012 Volts
and 38 miles for MY2013 Volts. Leafs and Volts enrolled in The EV Project include a mix of these
model years.
106. www.fueleconomy.gov gives an EPA-estimated overall range of 380 miles for the MY2011-2013
Chevrolet Volt.
107. The report “Observations from The EV Project in Q4 2013” explains that EV Project Leafs have
consistently averaged 1.1 charging events per day driven and Volt have averaged between 1.4 and
1.5 charging events per vehicle day driven since the beginning of the project. See
http://avt.inl.gov/pdf/EVProj/EVProjectSummaryReportQ42013FINAL.pdf About The EV Project.


$SSHQGL[

Table 11-74. Values used to create the frequency distributions shown in Figure 11-184.
Distance Bin
Volt Frequency
Volt Frequency
(miles)
Leaf Frequency
(Total Miles)
(EV-mode Miles)
0
0
0
0
>0 - 100
7
0
1
>100 - 200
43
8
18
>200 - 300
122
18
33
>300 - 400
219
42
98
>400 - 500
328
76
157
>500 - 600
423
110
240
>600 - 700
472
169
262
>700 - 800
488
166
287
>800 - 900
475
219
264
>900 - 1000
444
195
179
>1000 - 1100
304
158
131
>1100 - 1200
234
160
93
>1200 - 1300
200
132
39
>1300 - 1400
94
114
28
>1400 - 1500
70
58
19
>1500 - 1600
46
52
6
>1600 - 1700
26
48
4
>1700 - 1800
15
43
4
>1800 - 1900
10
20
2
>1900 - 2000
7
19
2
>2000 - 2100
3
15
0
>2100 - 2200
3
10
0
>2200 - 2300
4
7
0
>2300 - 2400
0
6
0
>2400 - 2500
0
4
0
>2500 - 2600
0
7
0
>2600 - 2700
0
2
0
>2700 - 2800
0
1
0
>2800 - 2900
0
2
0
>2900 - 3000
1
1
0
>3000
1
5
0
4039
1867
1867
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Table 11-75. Values used to create the frequency distributions shown in Figure 11-185.
Distance Bin
Volt Frequency
Volt Frequency
(miles)
Leaf Frequency
(Total Miles)
(EV-mode Miles)
0
0
0
16
>0 - 100
158
62
97
>100 - 200
648
233
339
>200 - 300
1410
416
629
>300 - 400
2235
716
1214
>400 - 500
2987
1161
1952
>500 - 600
3540
1511
2409
>600 - 700
3921
1725
2703
>700 - 800
3818
1860
2671
>800 - 900
3592
1905
2465
>900 - 1000
3173
1800
1942
>1000 - 1100
2701
1604
1377
>1100 - 1200
2200
1400
971
>1200 - 1300
1546
1209
632
>1300 - 1400
1131
1006
420
>1400 - 1500
783
842
267
>1500 - 1600
511
649
161
>1600 - 1700
319
498
119
>1700 - 1800
194
419
56
>1800 - 1900
145
312
41
>1900 - 2000
94
261
28
>2000 - 2100
48
205
21
>2100 - 2200
55
155
9
>2200 - 2300
24
111
2
>2300 - 2400
20
93
1
>2400 - 2500
10
82
0
>2500 - 2600
9
72
0
>2600 - 2700
4
43
1
>2700 - 2800
1
38
1
>2800 - 2900
0
29
1
>2900 - 3000
2
29
0
>3000
15
99
0
35294
20545
20545
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Table 11-76. eVMT/VMT descriptive statistics by month and overall for the distributions whose median
values are depicted in Figure11-186.
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 :KDW.LQGRI&KDUJLQJ,QIUDVWUXFWXUH'LG1LVVDQ/HDI'ULYHUVLQ7KH(9
3URMHFW8VHDQG:KHQ'LG7KH\8VH,W"

:KLFK9HKLFOHV$UH%HLQJ6WXGLHG"Over 6,400 private owners of Nissan Leafs in
17 regions across the United States participated in The EV Project. They agreed to allow project
researchers to monitor the usage of their vehicles throughout the project. Data collected between October
1, 2012, and December 31, 2013, (i.e., the end of EV Project data collection) from a sample of 4,038
participating Leafs were analyzed to determine how these vehicles were used. This set of vehicles was
driven 24 million miles and performed over 860,000 charging events in the 15-month study period. On
average, these vehicles drove 32.4 miles per day and were charged 1.1 times per day on days when the
vehicle was driven.


.H\&RQFOXVLRQV

x

A sample of 4,038 Nissan Leaf drivers who participated in The EV Project performed 867,293
charges at AC Level 1, AC Level 2, and DCFC units over a 15-month period.

x

Leaf drivers relied on home charging for the bulk of their charging. Of all charging events, 84% were
performed at drivers’ home locations. Over 80% of those home charges were performed overnight
and about 20% of home charges were performed between trips during the day.

x

The remaining 16% of charging events were performed away from home. The vast majority of these
were daytime AC Level 1 or AC Level 2 charges.

x

Overall, usage of DCFC by drivers of vehicles in this study, all having access to a AC Level 2
charging unit at home and some having workplace charging access, was low. DCFC (all away from
home) represented only about 1% of all charging events and charging energy consumed. Ignoring
charges by vehicles that never charged away from home, DCFC were used for 6% of all away-fromhome charging events. However, some drivers used DCFC more than others and may have relied on
fast charging to meet their need for driving range.

x

Not everyone used away-from-home charging infrastructure equally. In fact, three quarters of the
away-from-home charging was performed by 20% of the vehicles. A significant portion of vehicles
(i.e., 13%) were never charged away from home.

x

Half of the away-from-home charging was performed by a group of vehicles who averaged
1.5 charging events per day driven. Drivers of these vehicles supplemented near-daily home charging
with frequent away-from-home charging. This allowed these vehicles to average 43 miles per day
driven, a 72% increase over vehicles that were never charged away from home.

x

Although all vehicles in this study had access to home charging, some vehicles rarely charged at
home. Instead, they relied on frequent away-from-home charging during the day. This demonstrates
the viability of publicly accessible and/or workplace charging infrastructure for drivers of EVs
without access to home charging.


:KDW.LQGRI&KDUJLQJ,QIUDVWUXFWXUH'LGWKH9HKLFOHV8VH"Leaf owners have a
number of options for charging their vehicles’ batteries. Each Leaf comes with an AC Level 1 cordset that
can be plugged into almost any 120-volt outlet to charge at 1.4 kW. The Leaf can also be charged at 3.3 or
6.6 kW, depending on model year, if connected to an AC Level 2 (240-V) charging unit equipped with a
SAE J1772-compliant connector. Each EV Project participant had an AC Level 2 charging unit installed
at their home. Finally, all Leafs in The EV Project were capable of using CHAdeMO-compliant DCFC,
allowing them to charge at up to 50 kW.
Charging events performed by the vehicles studied were identified and categorized by location,
charge power level, and time of day. For each charging event, the vehicle’s charge location was classified
as either at home (meaning at the vehicle owner’s primary residence) or away from home. Also, charging
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events were categorized as either AC Level 1/AC Level 2 or DCFC. The data collected from The EV
Project’s Leafs were such that it is not possible to accurately distinguish between AC Level 1 and AC
Level 2 charges, but DCFC events can be identified. Finally, charging events were categorized by time of
day. A charge occurred during the daytime if it occurred between the vehicle’s first and last trips of the
day. A charge was classified as an overnight charge if it occurred after the vehicle’s last trip of the day. In
this analysis, a day starts and ends at 4 a.m. The overall split of the 867,293 charges by location, power
level, and time of day is shown in Figure 11-187.
The vast majority (84%) of charging events performed by the Leafs occurred at home, leaving only
16% of charges being performed away from home. Almost all overnight charges happened at home
locations. Daytime charging was split evenly between home and away-from-home locations, with each
making up about 15% of all charges.

Figure 11-187. Percent of charging events performed by location, power level, and time of day.
Leafs were charged overnight at home for 68% of all charge events and at home during the day for
16% of all charges. Considering only home charges, 81% were overnight and 19% were performed during
the daytime.
Of the 16% of charges that were performed away from home, 88% were daytime AC Level 1/AC
Level 2 charges. DCFCs (all away from home) during the daytime accounted for slightly more than 1% of
all charging events and 6% of away-from-home charges. The few overnight charges that occurred away
from home represented less than 1% of all charge events; these were nearly all AC Level 1/AC Level 2
charges. There were only seven overnight DCFC events.
Figure 11-188 shows the amount of charging energy consumed by vehicles during the charging
events described in Figure 11-187.
More than three quarters of all energy consumed came from overnight charges at home. Overnight
charging away from home accounted for less than 1% of all energy consumed, and overnight DCFC
energy (which is too small to be seen in Figure 11-188) was nearly 0. Although daytime charging
frequency was split almost evenly between home and away (as shown in Figure 11-187), daytime
away-from-home charging consumed a greater percentage of energy than daytime home charging. This
suggests that during the day, drivers were somewhat more likely to be charging away from home for
longer periods of time than when at home. This is probably due to the influence of workplace charging,
where vehicles tend to stay plugged in for many hours. At least a portion of the drivers in this study had
regular access to workplace charging, but it is not known exactly how many. Charging and driving
behavior of a subset of Leafs in this data set whose drivers are known to have had access to workplace
charging is discussed in other papers [108].
11-236

Figure 11-188. Percent of energy charged by location, power level, and time of day.
DCFC charging frequency and energy consumption were about the same, representing only about 1%
of all charging events and charging energy consumed. Ignoring charges by vehicles that never charged
away from home, DCFC were used for 6% of all away-from-home charging events and consumed 7% of
the charging energy. Even though overall use of DCFC was low, some drivers may have relied on
occasional or even frequent fast charging to extend their driving range or otherwise charge their batteries
sufficient to meet their needs for driving range.

+RZ'LG,QIUDVWUXFWXUH8VDJH9DU\IURP9HKLFOHWR9HKLFOH"To understand the
drivers’ usage of away-from-home charging infrastructure, data were analyzed on a per-vehicle basis.
First, the relative contribution of away-from-home charging events from each vehicle was calculated. It
was determined that 20% of the vehicles with the most away-from-home charging performed 74% of all
away-from-home charging events. This indicates that drivers did not uniformly utilize away-from-home
charging infrastructure, but rather a minority of drivers were the predominant users.
To explore this idea further, vehicles were grouped based on how much away-from-home charging
they performed relative to home charging. The percent of vehicles in each group is plotted in
Figure 11-189.
Figure 11-189 shows that 48% of the vehicles studied performed 5% or fewer of their charging events
away from their home locations and 13% of vehicles had zero away-from-home charges. On the other
hand, some vehicles were charged most of the time away from home. A few vehicles were charged away
from home 100% of the time.
Away-from-home charging can be either AC Level 1/AC Level 2 or DCFC; therefore, breaking down
away-from-home charges by power level is important to further understand drivers’ charging habits.
Figure 11-190 shows the percent of charges at each power level performed by the vehicles in the groups
defined in Figure 11-189.
It is apparent that most away-from-home charging occurred at AC Level 1 or AC Level 2. It is
interesting that vehicles that were charged away from home 35% of the time or less tended to use DCFCs
for a higher percentage of their away-from-home charges than vehicles with more frequent away-fromhome charging. The relationship between DCFC usage and driving behavior will be explored further in
future studies.
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Figure 11-189. Distribution of the percent of charges performed away from home by each vehicle.

Figure 11-190. Occurrence of AC Level 1/AC Level 2 and DCFC charging for groups of vehicles with
different amounts of away-from-home charging.

'LG$ZD\)URP+RPH&KDUJLQJ(QDEOH,QFUHDVHG'ULYLQJ5DQJH"Vehicle data
were further analyzed based on away-from-home charging frequency to identify any differences in overall
charging and driving behavior. Several metrics were calculated for each group and have been
consolidated into four groups. These metrics are presented in Table 11-77.
Vehicles that were never charged away from home averaged 0.8 home overnight charges per day and
an additional 0.1 home daytime charges per day. Home overnight charges tended to charge the vehicles’
battery packs more than daytime charges at home. On average, these vehicles were charged nearly every
day, resulting in a one-third increase in battery SOC due to charging each day. These vehicles were driven
25 miles per day on average.
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Table 11-77. Average driving and charging metrics of vehicles grouped by percent of charges performed
away from home.
% of Charging Away from Home
0%
>0 to 30% >30 to 60%
>60%
Vehicles (% of total)
507 (13%) 2,774 (69%) 578 (14%) 179 (4%)
Percent of All Away-from-Home Charging Events
–
36%
48%
16%
Home Overnight Charges Per Day Driven
0.8
0.8
0.8
0.2
Home Overnight SOC Increase Per Charge
39%
41%
42%
40%
Home Daytime Charges Per Day Driven
0.1
0.2
0.1
0.04
Home Daytime SOC Increase Per Charge
25%
24%
24%
25%
Away-from-Home Overnight Charges Per Day
–
0.004
0.01
0.01
Driven
Away-from-Home Overnight SOC Increase Per
–
40%
41%
48%
Charge
Away-from-Home Daytime Charges Per Day
–
0.1
0.6
0.8
Driven
Away-from-Home Daytime SOC Increase Per
–
28%
33%
38%
Charge
Total Charge Events Per Day Driven
0.9
1.1
1.5
1.1
Total SOC Increase from Charging Per Day
33%
41%
56%
41%
Average Miles Per Day Driven
25
31
43
32
Groups of vehicles that were charged away from home greater than 0 to 30% of the time and vehicles
that were charged greater than 30 to 60% of the time both averaged about the same amount of home
charging as the group of vehicles that were never charged away from home. Drivers of vehicles that were
charged away from home greater than 0 to 30% of the time supplemented home charging with occasional
away-from-home charging. This additional away-from-home charging pushed this group’s average
charging frequency to just over one charge per day. This group drove 31 miles per day on average.
Vehicles that charged away from home between 30 and 60% of the time supplemented home charging
with an away-from-home charge about every other day. These vehicles averaged 1.5 total charging events
per day driven. This frequent charging enabled these vehicles to average 43 miles per day, which is 72%
farther than those that never charged away from home and about 35% farther than the two groups that
charged more or less often away from home. These vehicles averaged enough energy consumption during
charging to recharge over half the battery’s capacity each day. Because the energy consumed to charge
the battery pack is limited by how much energy was depleted by driving, this suggests that these vehicles
could have been driven even farther, had the drivers had the need.
Drivers of the group of vehicles that were charged away from home more than 60% of the time
charged away from home during the day nearly once per day. They supplemented away-from-home
daytime charging with occasional at-home overnight charging. These vehicles’ overall charging
frequency, energy consumption, and daily driving distance matched vehicles that charged away from
home between 30 and 60% of the time.
It is interesting to note that average charging energy consumption, as measured by SOC increase, was
nearly the same for all groups at a particular location and time of day. Home overnight charging resulted
in an average SOC increase of around 40% per charge for all groups, irrespective of a vehicle’s
away-from-home charging frequency. The few away-from-home overnight charges also had similar
energy consumption. All groups averaged around 25% SOC increase when charging at home during the
day. Only daytime away-from-home charging energy consumption varied from group to group. This was
likely due to the influence of workplace charging. The vehicles that were charged most frequently away
from home are believed to have had access to workplace charging. Drivers of these vehicles charged at
work instead of at home; therefore, their daytime away-from-home charging energy was similar to home
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overnight charging energy for other groups. This demonstrates the viability of publicly accessible and/or
workplace charging infrastructure for supporting drivers of EVs without access to home charging.


5HIHUHQFHV

108. “Where do Nissan Leaf drivers in The EV Project charge when they have the opportunity to charge at
work?” at http://avt.inl.gov/pdf/EVProj/ChargingLocation-WorkplaceLeafsMar2014.pdf.

 :KDW.LQGRI&KDUJLQJ,QIUDVWUXFWXUH'R&KHYUROHW9ROW'ULYHUVLQ7KH(9
3URMHFW8VHDQG:KHQ'R7KH\8VH,W"

,QWURGXFWLRQOver 2,000 private owners of Chevrolet Volts in 16 regions across the
United States participated in The EV Project. They agreed to allow project researchers to monitor the
usage of their vehicles throughout the project. Data collected between October 1, 2012, and
December 31, 2013, (i.e., the end of EV Project data collection) from a sample of 1,867 participating
Volts were analyzed to determine how these vehicles were used. This set of vehicles drove more than
20 million miles and performed over 763,000 charging events in the 15-month study period. On average,
these vehicles drove 40.0 miles per day, 29.9 of which were in EVM, and charged 1.5 times per day on
days when the vehicle was driven.


.H\&RQFOXVLRQV

x

A sample of 1,867 Chevrolet Volt drivers participating in The EV Project performed 87% of their
charging events at home and 13% away from home over a 15-month study period.

x

Although the majority (i.e., 59%) of all charging events was performed at home overnight, 28% of all
events were performed at home during the day. Only 12% of charging events were performed away
from home during the day. The fact that 70% of daytime charging was performed at home is
significant, because typically daytime “opportunity” charging has been thought of as away-fromhome charging.

x

All vehicles in this study had access to AC Level 2 (240 V) charging at home; therefore, it is not
surprising that nearly all home charging was conducted using AC Level 2 charging equipment.
Away-from-home charging was split evenly between AC Level 2 charging units and AC Level 1
(120-V) charging units or standard 120-volt outlets.

x

Not everyone used away-from-home charging infrastructure equally. In fact, three quarters of the
away-from-home charging was performed by 20% of the vehicles. A small portion of vehicles
(i.e., 5%) were never charged away from home.

x

Drivers who performed 30 to 60% of their charging events away from home tended to supplement
daily home charging with regular away-from-home charging. All together, these drivers averaged
2.0 charges per day. Frequent charging allowed them to average 40.3 miles driven in EV EVM per
day, which is a 60% increase in daily EV miles over the group of vehicles that never charged away
from home.

x

Drivers who charged away from home for more than 60% of their charging events tended to
supplement frequent away-from-home charging with home charging. Their away-from-home
charging frequency was the same as the home charging frequency of the group of drivers that never
charged away from home.

x

Across all of the away-from-home charging frequency groups, groups averaged 74 to 80% of their
distance driven in EVM. Overall average charging frequency increased as average daily distance
driven increased, suggesting that drivers changed their charging behavior in order to extend EVM
operation.
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:KDW.LQGRI&KDUJLQJ,QIUDVWUXFWXUH'LGWKH9HKLFOHV8VHDQG:KHQ'LG
7KH\8VH,W"Volt owners have a number of options for charging their vehicles’ batteries. The
Chevrolet Volt is capable of charging at both AC Level 1 (120-V) and AC Level 2 (240 V) charge rates.
Each Volt comes with an AC Level 1 cordset that can be plugged into almost any 120-volt outlet. The
Volt can also be charged using any AC Level 2 charging unit equipped with an SAE J1772-compliant
connector. Each EV Project participant had an AC Level 2 charging unit installed at their home.
Charging events from the 1,867 vehicles studied were identified and categorized by location, charge
power level, and time of day. For each charging event, the vehicle’s charge location was classified as
either at home (meaning at the vehicle owner’s primary residence) or away from home. Most charging
events were categorized as either AC Level 1 or AC Level 2. The power level of some events could not
be determined due to incomplete data. Finally, charging events were categorized by time of day. A charge
occurred during the daytime if it occurred between the vehicle’s first and last trips of the day. A charge
was classified as an overnight charge if it occurred after the vehicle’s last trip of the day. For this analysis,
a day begins and ends at 4 a.m. The overall split of the 763,002 charges by location and power level is
shown in Figure 11-191.
It is apparent that the majority of the charging events occurred at home, accounting for 87% of all
charges. AC Level 2 home charging made up at least 73% of all charging events, with home overnight
AC Level 2 charges accounting for 49% of all charges and home daytime AC Level 2 charges accounting
for 24% of all charging events.

Figure 11-191. Percent of charging events performed by location, power level, and time of day. L2 refers
to AC Level 2 charges, L1 refers to AC Level 1, and U refers to charges of an unknown power level.
There were instances of drivers using AC Level 1 charging at home both during the day and
overnight; however, these cases were relatively infrequent and accounted for only 4% of all charges. This
is reasonable considering that AC Level 2 charging units were available at each vehicle’s home location.
Away-from-home charging occurred almost exclusively during the daytime. AC Level 1 charges were
performed about as frequently as AC Level 2 charges when away from home. Very few (i.e., 1%) of
away-from-home charges occurred overnight at any level.
Of all events, 28% were performed at home during the day. Only 12% of charging events were
performed away from home during the day. Daytime charging typically has been thought of as being
performed away from home. However, drivers of the vehicles in this study performed 70% of daytime
charging events at home. They found an opportunity to return home during the day and favored charging
there over charging away from home during the daytime.
Figure 11-192 shows the amount of charging energy consumed by vehicles during charging events
described in Figure 11-191.
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The proportion of energy charged at home versus away from home was similar to the percentage of
charging events performed in each, with 90% of energy consumed at home and 10% of energy consumed
away from home. At home, the major differences between charge frequency and energy were seen
between daytime and overnight charging. Overnight home charging accounted for much more of the
energy charged than daytime home charging. This is consistent with the traditional expectation that most
of a vehicle’s charging energy can be provided by long overnight charging events at home.

Figure 11-192. Percent of energy charged by location, power level, and time of day. L2 refers to AC
Level 2 charges, L1 refers to AC Level 1, and U refers to charges of an unknown power level.
Away-from-home daytime charging consumed a greater percentage of energy than home daytime
charging. This suggests that, during the day, drivers were somewhat more likely to be charging away
from home for longer periods of time than when at home. This is probably due to the influence of
workplace charging, where vehicles tend to stay plugged in for many hours. At least a portion of drivers
in this study had regular access to workplace charging, but it is not known exactly how many. Charging
and driving behavior of a subset of Leafs in this data set whose drivers are known to have had access to
workplace charging is discussed in other papers [109].
When charging away from home, the percent of energy charged at AC Level 1 and AC Level 2 was
similar to the percent of charge events performed at each power level. This means that the energy charged
per away-from-home charging event was nearly equal for AC Level 1 and AC Level 2 charging events,
even though AC Level 1 charging occurs at half the power of AC Level 2. This fact is particularly
significant for away-from-home charging, where daytime “opportunity” charge time is typically expected
to be short. This is consistent with the assumption that charging away from home was conducted at
locations where the vehicle was parked for long periods of time, such as at work.

+RZ'LG,QIUDVWUXFWXUH8VDJH9DU\IURP9HKLFOHWR9HKLFOH"To understand
drivers’ usage of away-from-home charging infrastructure, data were analyzed on a per-vehicle basis.
First, the relative contribution of away-from-home charging events for each vehicle was calculated. It was
determined that 20% of vehicles with the most away-from-home charging performed 76% of all
away from-home charges. This indicates that drivers did not uniformly utilize away-from-home charging
infrastructure, but rather a minority of drivers were the predominant users.
To explore this idea further, vehicles were grouped based on how much away-from-home charging
they performed relative to home charging. The percent of vehicles in each group is plotted in
Figure 11-193.
Figure 11-193 shows that 57% of the vehicles studied performed 5% or fewer of their charging events
away from their home locations and 5% of vehicles had zero away-from-home charges. On the other
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hand, some vehicles did most of their charging away from home and a few charged away from home
100% of the time.

Figure 11-193. Distribution of the percent of charges performed away from home by each vehicle.
Away-from-home charging can be either AC Level 1 or AC Level 2; therefore, breaking down
away-from-home charges by power level is important to further understand drivers’ charging habits.
Figure 11-194 shows the percentage of charges at each power level performed by the vehicles in the
groups defined in Figure 11-194.

Figure 11-194. Occurrence of AC Level 1 and AC Level 2 charging for groups of vehicles with different
amounts of away-from-home charging.
Overall, away-from-home charging was split roughly in half between AC Level 1 and AC Level 2.
While it is difficult to quantify exactly because of the number of events with an indeterminate power
level, it appears that drivers who performed about a third to half of their charging away from home
slightly favored AC Level1 charging. However, the sample size of each of these groups is relatively small
(as shown in Figure 11-193); therefore, this result may be skewed by atypical charging habits of just a
few vehicles in these groups.
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'LG$ZD\IURP+RPH&KDUJLQJ(QDEOH,QFUHDVHG'ULYLQJLQ(90RGH"The
vehicles grouped by the percent of charges away from home were analyzed to identify any differences in
overall charging and driving behavior. Several metrics were calculated for each group and have been
consolidated into four groups. These metrics are presented in Table 11-78.
Home overnight charging was quite similar for the groups with 60% or fewer of their charges away
from home. They all averaged slightly less than one charge per day with an average SOC increase of
about 65% of the battery’s capacity per charge. Those that charged away from home more than 60% of
the time only charged at home overnight 0.3 times per day and received an average SOC increase of 56%
per charge.
All groups averaged 0.3 to 0.4 home daytime charges per day, except those charging away from home
more than 60% of the time, who averaged just 0.1. All groups had an average SOC increase for home
daytime charging of around 33% of the battery’s capacity, roughly half the increase of overnight charging
for the same groups. This reinforces the observation made previously that Volt drivers used their home
charging units to perform daytime “opportunity” charging.
Away-from-home overnight charging occurred very infrequently (i.e., the average charges per day for
all groups rounded to 0.0). When drivers found the rare opportunity to charge overnight when they were
not at home, the SOC increase from these charges was on the same order as those that occurred overnight
at home.
When charging away from home during the daytime, drivers most likely used publicly accessible
and/or workplace charging infrastructure, the group with 0 to 30% of their charges away from home
occasionally charged away from home during the daytime, averaging 0.1 charges per day with an SOC
increase of 40% per charge. The two groups with more away-from-home charging charged during the
daytime away from home about once per day and increased their SOC by around 45% of the battery’s
capacity per charge.
Table 11-78. Average driving and charging metrics of vehicles grouped by the percent of charges
performed away from home.
% of Charging Away from Home
0%
>0 to 30% >30 to 60%
>60%
Vehicles (% of total)
94 (5%)
1,520 (81%) 233 (13%) 20 (1%)
Percent of All Away-from-Home
–
44%
51%
5%
Charging Events
Home Overnight Charges Per Day
0.9
0.9
0.9
0.3
Driven
Home Overnight SOC Increase Per
64%
65%
68%
56%
Charge
Home Daytime Charges Per Day Driven
0.3
0.4
0.3
0.1
Home Daytime SOC Increase Per
32%
33%
34%
33%
Charge
Away-from-Home Overnight Charges
–
0.01
0.03
0.02
Per Day Driven
Away-from-Home Overnight SOC
–
72%
68%
67%
Increase Per Charge
Away-from-home Daytime Charges Per
–
0.1
0.8
1.0
Day Driven
Away-from-Home Daytime SOC
–
40%
47%
44%
Increase Per Charge
Total Charge Events Per Day Driven
1.2
1.4
2.0
1.4
Total SOC Increase from Charging Per
67%
78%
108%
64%
Day
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% of Charging Away from Home
Average Miles Per Day Driven
Average EV Miles Per Day Driven
Percent of Miles Driven in EVM

0%
31.5
24.9
79%

>0 to 30%
39.0
28.7
74%

>30 to 60%
50.3
40.3
80%

>60%
33.9
25.7
76%

The group with 30 to 60% of their charges away from home utilized home charging more than once
per day and supplemented that charging with nearly one away-from-home charge per day for a total daily
SOC increase of 108%. This charging allowed the vehicles in that group to drive more than 40 miles in
EVM per day, which is 60% farther than the vehicles that never charged away from home. All of the
four groups were able to drive a significant portion of their miles in EVM, with percentages ranging from
74 to 80%.
Across all of the away-from-home charging frequency groups, vehicles averaged 74 to 80% of their
distance driven in EVM. Overall average charging frequency increased as average daily distance driven
increased, suggesting that drivers changed their charging behavior in order to extend EVM operation.


5HIHUHQFHV

109. See “Where do Chevrolet Volt drivers in The EV Project charge when they have the opportunity to
charge at work?” at avt.inl.gov/pdf/EVProj/ChargingLocation-WorkplaceVoltsMar2014.pdf


$SSHQGL[$

Figure 11-195 shows the number of vehicles included in this study in each of the 16 regions where
Chevrolet Volts were enrolled in The EV Project. Note that Oregon includes the Corvallis, Eugene,
Portland, and Salem metropolitan areas. Washington State includes the Seattle and Olympia metropolitan
areas.

Figure 11-195. Number of The EV Project Chevrolet Volts by region.

 +RZ0XFKDUH&KHYUROHW9ROWVLQ7KH(93URMHFW'ULYHQLQ(90RGH"

,QWURGXFWLRQOwners of Chevrolet Volts in 18 metropolitan areas across the United
States are participating in The EV Project. They agreed to allow project researchers to monitor the usage
of their vehicles throughout the project. In-use data collected between October 1, 2012, and May 31,
2013, from a sample of 1,154 participating Volts were analyzed to determine how these vehicles were
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being used. This set of privately owned vehicles drove more than 6 million miles and performed over
220,000 charging events in the 8 month study period.


.H\&RQFOXVLRQV

x

A sample of 1,154 Chevrolet Volt drivers participating in The EV Project drove 73% of their total
miles in electric EVM over an 8-month study period.

x

70% of vehicles were driven more than 70% of their total miles in EVM, while 131 vehicles (11%)
were driven more than 95% of their miles in EVM.

x

Volt drivers who drove farther per day also tended to consume more charging energy, either through
more frequent charging, longer charge sessions, or both.

x

The average amount of energy delivered per charging event varied widely from vehicle to vehicle,
even among vehicles whose batteries were typically fully depleted prior to charging.

x

Drivers with a high percentage of miles in EVM averaged fewer trips of shorter length between
charging events. They also tended to charge more frequently for shorter durations.


+RZ0XFK'R7KHVH9HKLFOHV'ULYHLQ(90RGH"As an EREV, the Chevrolet Volt
has two operating modes. When in EVM, the vehicle is powered by electricity from the grid. In ERM, the
vehicle’s gasoline-powered auxiliary power unit produces electricity to power the vehicle. This offers
drivers flexibility to drive as far as they like before recharging the battery from the grid. The Volt’s
EPA-estimated EVM range is 35 miles for the 2011 to 2012 models and 38 miles for the 2013 model
year. These range estimates are based on standardized testing. Actual EVM range varies with driving
style and conditions. To classify the amount of driving a vehicle does in EVM, the number of miles
driven in EVM reported by participating EV Project Volts was divided by the total number of miles
driven. For this paper, this metric is called EV%. For the selected set of Chevrolet Volts, the overall EV%
was 73%. A distribution of EV% from vehicle to vehicle is shown in Figure 11-196.

Figure 11-196. Histogram of EV% on a per-vehicle basis with cumulative distribution curve.
Approximately 70% of Volt drivers drove more than 70% of their miles in EVM. It was not
uncommon for a vehicle’s EV% to exceed 95%. In fact, there were more vehicles with an EV% above
95% (131) than below 50% (84).
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Electronic displays in the Chevrolet Volt provide a considerable amount of information to the driver
about the vehicle’s mode of operation and efficiency. For example, the driver can see the amount of
electricity and gasoline consumed and distance driven in EVM versus ERM since the previous charging
event. Cumulative fuel economy, in mpg, is displayed to the driver as a measure of the vehicle’s
efficiency over time. This metric takes into account all miles driven and gasoline consumed since it was
last reset by the driver. Because EV% is not displayed cumulatively, it is possible that some drivers do
not have an inherent sense for their vehicle’s long term EV%. However, a vehicle’s EV% is directly
proportional to its fuel economy. A larger fraction of miles in EVM means the vehicle drives fewer miles
powered by gasoline, and thus fuel economy is higher.
For this paper, fuel economy values were determined by dividing the total miles driven in either EVM
or ERM by the total gasoline used. The overall gasoline fuel economy for vehicles in the data set was
130 mpg. (Note that fuel economy shown considers gasoline consumption only – it is not comparable to
EPA fuel economy estimates because it does not combine gasoline and electricity into mpge.)
Figure 11-197 shows the fuel economy distribution on a per-vehicle basis.

Figure 11-197. Histogram of fuel economy on a per-vehicle basis with cumulative distribution curve.
More than 90% of the Volts in this set achieved greater than 75 mpg. A significant portion of vehicles
saw fuel economy well into the triple digits. In fact, over 20% of vehicles averaged over 400 mpg,
including a small number of vehicles with 99% of their miles driven in EVM and near zero gasoline
consumed.
Regardless of whether drivers were concerned with EV-only driving or fuel economy (or neither), the
vehicles in this study drove a significant number of miles powered solely by electricity.

+RZDUH'ULYHUV$FKLHYLQJ7KHVH5HVXOWV"A vehicle’s EV% is determined by the
combination of its driving and charging. Figure 11-198 shows the relationship between driving and
charging for each vehicle in the study set.
The average distance driven per day for each vehicle was plotted against the average amount of
energy charged from the grid each day, in terms of battery SOC. Only days when a vehicle was driven
were considered. SOC used in this plot and other calculations in this paper is the battery’s usable SOC. It
ranges from 0 to 100%, where 0% represents the point when the vehicle switches from EVM to ERM.
Figure 11-198 also shows the actual EV% each vehicle achieved, represented by the color of each data
point.
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It is apparent that drivers who drove farther per day also tended to consume more charging energy.
However, not all drivers drove and charged at proportional rates. Vehicle usage varied widely because
drivers’ daily routines and needs for their vehicle vary widely. Driver motivation to charge varies as well.

Figure 11-198. Average daily driving and charging for each vehicle, with EV% denoted by color.
It appears that some drivers valued driving in EVM, as demonstrated by frequent charging and high
EV%. For example, one driver had 94% of miles in EVM when averaging 66 miles per day, because he
consumed energy equivalent to 1.6 full charges each day. This vehicle was charged, on average, 4.3 times
each day driven with an increase of 37 %SOC each charge. Another vehicle was driven the same distance
per day, charged the same energy, and achieved the same EV%. However, this second vehicle averaged
1.7 charges per day driven and an average increase of 91 %SOC each charge.
Other drivers do not seem as motivated toward high EV%. As extreme examples, one vehicle was
never charged in the study period and two other vehicles averaged only 1 charge in every 4 days when the
vehicle was driven.
In addition to the total amount of energy charged, the order in which driving and charging occur is an
important factor in determining EV%. After all, the amount of driving performed in a day does not matter
to the vehicle, but rather the amount of driving before the next charge. As illustrated in the examples
above, vehicle batteries can be charged any number of ways: by long infrequent charging sessions, by
short frequent charging sessions, or any combination of frequency and duration. Charging frequency is
best described in terms of how far a vehicle has driven between charges (rather than how much time has
elapsed). Figure 11-199 shows the average distance each vehicle traveled between consecutive charging
events and the average energy consumed per charging event. Each vehicle’s EV% is represented by the
color of each data point.
The majority of vehicles in Figure 11-199 were driven relatively short distances between charging
events. In fact, 75% of drivers averaged less than 35 miles between charges. However, not all vehicles
consumed the same amount of energy per charge. Many vehicles were consistently charged enough per
charging event, relative to miles driven prior to charging and driving conditions, to maintain high EV%.
These vehicles are represented by green data points. Other vehicles were charged at the same mileage
interval, but averaged less energy per charging event. This variation in charging energy consumed from
vehicle to vehicle results in varying EV% for the same distance driven. This is also a reason why some
vehicles achieved an EV% of far less than 100%, even though they were consistently driven less than the
expected EV range of the vehicle prior to recharging.
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Figure 11-199. Average distance driven between charging and average charging energy per charge for
each vehicle, with EV% denoted by color.
Vehicles averaging over 50 miles before charging would be expected to often have fully depleted
batteries by the time they charge. Ideally, these vehicles would have their batteries fully recharged each
charging event, resulting in a high average SOC increase per charge. However, Figure 11-199 shows that
many vehicles averaging over 50 miles between charging events averaged less than 70 %SOC per charge.
Drivers of these vehicles may not have had time to fully recharge their vehicles or may not have had
access to charging equipment in convenient locations. Volt driver preference for charging equipment type
and location is the subject of another paper.
Further inspection of the data revealed additional patterns in behavior between groups of vehicles
with varying EV%. Table 11-79 shows several driving and charging metrics for vehicles in the data set,
grouped by EV%.
Table 11-79. Overall driving and charging metrics for vehicles in each group of EV%.
EV%
Vehicles (% of Vehicles)
Charges per Day
%SOC per Charge
Trips per Charge*
Miles per Trip*

40%
32 (3%)
1.0
66%
5.0
14.0

>40-60%
161 (14%)
1.4
59%
3.6
11.0

>60-80%
403 (35%)
1.5
57%
3.2
8.8

>80-100%
558 (48%)
1.5
51%
3.0
7.2

* Trips are defined as the intervals between key-on and key-off where the vehicle traveled farther
than 0.1 mile

Drivers of vehicles with high EV% typically took fewer trips of shorter length between charging
events. They also charged more frequently for shorter durations.

 (93URMHFW:RUNSODFH&KDUJLQJ
 :KDW:HUHWKH&RVW'ULYHUVIRU:RUNSODFH&KDUJLQJ,QVWDOODWLRQV"

,QWURGXFWLRQBecause workplace charging is the second most popular place to charge a
PEV, after home charging [110], the cost of EVSE installations for employers is of interest and one of the
subjects that The EV Project was designed to examine.
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For the purpose of this evaluation, workplace charge stations are defined as EVSE that were installed
for the private use of employees and guests of a particular business. Charging stations installed for public
use, but whose use is dominated by a single daytime user during work hours, are not included in this
analysis. This paper analyzes the costs of installing workplace charge stations.
The original intent of The EV Project’s non-residential AC Level 2 EVSE deployment was to focus
on units whose purpose would be to serve the broader EV marketplace (i.e., publicly accessible charging
infrastructure). As the project unfolded, it became more apparent that workplace charging was of
significant interest to PEV drivers and potential PEV owners. By the beginning of 2012, deployment
efforts began to shift to more workplace charging sites. In the end, approximately 10% of all
non-residential AC Level 2 EVSE deployed during The EV Project were installed as workplace chargers.
Because this focus on workplace deployment emerged later in the project, a number of workplace
installation locations were identified, but not installed before The EV Project terminated. However, costs
for these installations, in the form of firm contractor pricing, were available for evaluation.
This paper is a companion to the paper titled, “What were the Cost Drivers for Publicly Accessible
Charging Installations?” [111], which discusses, in greater depth, the basis for installation costs of nonresidential AC Level 2 EVSE. This paper will analyze the circumstances associated with installation of
workplace charging infrastructure that differentiate the cost to install EVSE under these conditions.


.H\&RQFOXVLRQV

x

The average cost for installation of EVSE at workplace locations was $2,223.

x

The average installation cost for workplace charging EVSE was 75% of the average cost to install
publicly accessible EVSE ($2,979).

x

Twenty-seven percent of the workplace EVSE installed were wall-mount units, while 17% of the
publicly accessible EVSE units were wall-mount units.

x

Greater flexibility in the location of the workplace installations provided installation cost savings
opportunities not typically available to EVSE installed for public use.

x

Future expansion of workplace charging infrastructure represents a significant installation cost
concern for employers, because these expansions will frequently require additional electrical service
capacity.


'DWD$QDO\]HGThe primary source for data and information analyzed for this paper
came from reports generated from The EV Project database. This database was populated with data from
hosts, EV Project administrators, and electrical contractors installing EVSE.
The total costs of installations cited in this report include all costs paid to the electrical contractors to
install the Blink AC Level 2 EVSE. These costs would typically include permit costs, contractor’s
installation and administration labor, subcontracted construction labor or equipment (e.g., concrete,
asphalt, trenching, boring, etc.), engineering drawings (when required), and materials other than the AC
Level 2 EVSE itself, which was provided by The EV Project. Installation cost data from 280 workplace
installations were utilized for these analyses.

$QDO\VHV3HUIRUPHGInstallation cost and utilization data recorded from The EV
Project charging infrastructure installed as workplace charging stations were segregated from the rest of
the AC Level 2 EVSE data for this analysis. The average workplace installation costs and how they
compared to other non-residential AC Level 2 EVSE installation costs are shown in Table 11-80.
Further analysis in Table 11-81 shows that the minimum costs were comparable, while the maximum
installation cost for units that were publicly accessible was more than twice the maximum workplace
installation cost.
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Table 11-80. Average installation costs for EV Project non-residential AC Level 2 EVSE.
Average Installation Cost
All
Pedestal Units
Wall-Mount Units

All Non-Residential
$2,979
$3,209
$2,035

Publicly Accessible
$3,108
$3,308
$2,042

Workplace
$2,223
$2,305
$2,000

Table 11-81. Maximum and minimum installation costs for EV Project non-residential AC Level 2
EVSE.
Maximum and Minimum Installation Costs
Maximum
Minimum

All Non-Residential
$12,660
$599

Publicly Accessible
$12,660
$599

Workplace
$5,960
$624

Figure 11-200 shows that installation costs for workplace stations were not only 30% less than
stations installed for public use, but 80% of the workplace stations were installed at costs that were below
the average installation cost of $3,108 for stations installed for public use.

Figure 11-200. Distribution of per unit workplace installation costs.

'LVFXVVLRQRI5HVXOWVThree primary factors drove average workplace EVSE
installation costs markedly lower than publicly accessible AC Level 2 EVSE. These factors were location
of the site relative to the electric service panel, number of wall mounted stations, and fewer restrictions on
accessibility.
/RFDWLRQ5HODWLYHWRWKH)DFLOLW\²AC Level 2 EVSE installed at workplace charging stations were
typically installed in existing employee parking lots, which are normally at the rear of the workplace or at
the side of the building. In either case, this typically puts the EVSE closer to the building’s power
distribution panels than for a typical publicly accessible AC Level 2 EVSE. These installation locations
resulted in shorter electrical conduit runs and, therefore, less expensive installation costs. 
Some workplace charging stations were installed in multi-level parking garages. These EVSE were
also located away from the front of the building and were more likely to be nearer electrical service.
These units typically utilized surface-mounted electrical conduit, which is less expensive to install than
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conduit buried underground. This installation cost advantage affected stand-alone pedestal EVSE and
wall-mounted units. In fact, the average installation cost for Blink pedestal EVSE units designated as a
workplace charger was $2,305, which is more than 30% less than pedestal units installed to be publicly
accessible.
This cost advantage, based on proximity to the electrical service panel, can be seen in the average cost
to install a pedestal EVSE (typically using buried conduit). For all non-residential AC Level 2 pedestal
EVSE installed in The EV Project, the average installation cost was $3,209, but for those pedestal EVSE
installed at workplace charging stations, the average was $2,305, which is 28% less than the overall
average.
:DOO0RXQWHG,QVWDOODWLRQV²The greater freedom as to the installation location at a site also led to
more wall-mounted installations. Wall-mounted EVSE were typically less expensive to install, because
they did not require underground conduit to supply power, which is typical for a pedestal unit. The
average installation cost for a wall-mounted AC Level 2 EVSE unit in The EV Project was $2,035, while
the average cost to install a pedestal unit was $3,209.
Twenty-seven percent of the AC Level 2 EVSE units installed as workplace chargers were
wall-mounted. This compares to 17% of AC Level 2 EVSE units installed for all non-residential use. The
lower average installation cost for wall-mounted units and the much greater ratio of wall-mounted
installations, significantly contributed to the lower average installation cost for workplace chargers.
)OH[LELOLW\RIWKH,QVWDOODWLRQ/RFDWLRQ²The third workplace cost factor contributing to lower
workplace EVSE installation costs was the ability to install the units with fewer accessibility
requirements. For example, typically there were few, if any, parking signage or striping requirements;
ADA accessibility, including an accessible pathway to the workplace building, was only necessary if an
employee was a PEV driver and required this accessibility; units did not need to be in conspicuous
locations; and public accessibility during hours outside of normal business hours was also not a concern.
$QRWKHU,QVWDOODWLRQ&RVW&RQVLGHUDWLRQZKHQ3ODQQLQJIRU:RUNSODFH&KDUJHUV²One workplace
installation cost factor that did emerge over the course of The EV Project, was the cost to install
additional EVSE. Many of the employers who provided workplace charge stations for their employees
found that the offer of refueling commuter vehicles while at work (whether at a cost to the driver or free)
encouraged more employees to obtain PEVs for their work commute. This put pressure on employers to
add more stations, with the “easy” installations often being the first ones (i.e., ones already done).
Additional electrical service and parking places further from the electrical distribution panel usually were
required for additional EVSE, which added to the cost of these subsequent installations.

&RQFOXVLRQVThe cost of installation for AC Level 2 EVSE at workplace charging
stations in The EV Project was markedly lower than the cost of EVSE installed for public use. This was
primarily due to fewer restrictions on where the charging stations were located on the site. The
installation cost savings could be found in three factors: location of the charging stations relative to the
electrical power distribution panel; the ability to more frequently utilize surface-mounted conduit for
wall-mounted units and ; and fewer accessibility restrictions compared to EVSE installed for public use.


5HIHUHQFHV

110. “Where do Nissan Leaf Drivers in The EV Project Charge When They have the Opportunity to
Charge at Work?” http://avt.inel.gov/pdf/EVProj/ChargingLocation-WorkplaceLeafsMar2014.pdf.
111. http://avt.inel.gov/evproject.shtml#LessonsLearned EV Project lesson learned white paper, “What
were the Cost Drivers for Publicly Accessible Charging Installations?”
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 :RUNSODFH&KDUJLQJ)UHTXHQF\RI1LVVDQ/HDIVDQG&KHYUROHW9ROWVLQ
7KH(93URMHFWDW6L[:RUN6LWHV

,QWURGXFWLRQWith an increase in the number of PEVs on the road, many employers are
offering opportunities to charge PEVs at work. The work site seems to be an ideal place for PEV charging
because employees are typically parked there between 4 and 10 hours per day. (See Section 11.7.2.10 for
more information on the time vehicles are parked at work.) Charging while parked at work can provide
energy for extended commuting and provide range confidence. This paper examines work site charging
behavior of The EV Project participants who parked and charged at six different work sites in California.
Background information on these work sites was obtained directly from the company or from the report,
“Amping up California Workplaces: 20 Case Studies on Plug-in Electric Vehicle Charging at Work,”
published in November 2013 [112]. The frequency of workplace charging was examined, as well as key
factors that may have contributed to workplace charging.

x

.H\&RQFOXVLRQV

Use of PEV charging infrastructure at six work sites in California varied from site to site, based on a
number of factors that include the following:

The cost of charging
- Employee commute distance
- Demand for charging station use
- Policies for how long a vehicle can be connected to workplace charging stations.
x In general, drivers with longer commutes tended to charge more often at work. However, some
employees with short commutes still charged at work when cost was low.
-

x

The work sites studied employed a mix of policies to manage charging station use, including levying
fees for charging, requiring the use of a reservation system, providing employees tools to self-manage
charging, and requiring drivers to move their vehicles upon completion of charging. At three work
sites, the combination of policies employed effectively enabled numerous vehicles to frequently use a
fixed number of charging stations. At the other three work sites, the combination of policies chosen
resulted in infrequent vehicle charging at work.


:KLFK9HKLFOHVDQG:RUN6LWHV:HUH6WXGLHG"For this study, data were analyzed
from 47 Nissan Leafs and five Chevrolet Volts participating in The EV Project that frequently charged
and/or parked at six different workplaces in California. Four of these work sites were in the San Francisco
Bay area and two were in southern California. The number of employees at each company varied from
around 100 to over 5,000. The study period for this paper was approximately 2 years, ending
December 31, 2013. The starting date at each location varied, based on when charging stations were
installed.
The owners of the vehicles reporting data used in this study agreed to allow data to be collected from
their vehicles as a term of their participation in The EV Project. Data sets were filtered to only include
vehicles whose drivers had a high probability of being employees, rather than visitors, at the work sites in
this study. The number of PEVs enrolled in The EV Project at each of these work sites ranged from four
to 17. Table 11-82 summarizes the number of vehicles from which data were collected that parked at each
work site.
Table 11-82. Number of EV Project vehicles that frequently parked at each work site.
Work Site
Number of PEVs Reporting Data
Vehicle Work Days
Company A

5 Leafs

566

Company B

17 Leafs

2,350

11-253

Work Site
Company C

Number of PEVs Reporting Data
5 Leafs

Vehicle Work Days
650

Company D

4 Leafs

685

Company E

3 Leafs, 5 Volts

1,379

Company F

11 Leafs

3,009


:RUN6LWH'HVFULSWLRQVCompany A’s facility consisted of one building and an
employee parking garage. Ten AC Level 2 charging stations and one DCFC were located in the parking
garage. These charging stations were available for use by employees and the public through the end of the
study period. Over 45 employees at Company A owned PEVs by the end of the study period.
Company B’s campus included numerous buildings in an office park spanning multiple city blocks.
The campus contained 31 AC Level 2 and 12 AC Level 1 charging stations that were located in its
buildings’ parking lots and garages that were available only for the company’s fleet and employees.
Company B reported that over 100 employees were driving PEVs by fall 2013.
During the study period, Company C had 12 AC Level 1 charging stations, 22 AC Level 2 charging
stations, and one DCFC at its main campus. These EVSE units were installed over time as the number of
employees owning PEVs and the demand for workplace charging increased. The charging units were
available for use by employees, visitors and the general public. The estimated number of Company C
employees driving PEVs by the end of the study period was 50.
Company D had one AC Level 2 charging station that was located in an office building parking lot.
This charging unit had two charge ports that reached to four different parking spaces. This charging unit
was only allowed to be used by employees.
The Company E lot is spread out over an entire city block. On the lot, there were four parking
structures, with each containing four charging stations. There were also four more charging stations that
were distributed across the lot. These chargers were supplied for use by employees, fleet vehicles, and
visitors. Company E had 40 to 50 employees owning PEVs by fall 2013.
Company F had 43 charging stations that were located across six company locations. These charging
stations were provided by the company for its employees and its electric fleet vehicles. At the end of the
study period, there were approximately 45 Company F employees driving PEVs.
Figure 11-201 summarizes the number of EVSE, number of EV Project vehicles, and the estimated
total number of PEVs driven to work by employees at all six work sites. The light blue arrows indicate
that charging stations were open for use by non-employees, such as business-related visitors or the
general public.

+RZ2IWHQ'LG&KDUJLQJ2FFXU"The data were collected over a total of 8,639 vehicle
work days at the various work sites. During those work days, there were 10,718 parking events and
2,901 charges performed by the PEV drivers. Figure 11-202 shows the percentage of days when EV
Project vehicles were charged and not charged at each work site. For example, Company A employees
enrolled in The EV Project charged their vehicles on over 70% of their work days. In contrast, the
employees at Company F charged their vehicles on only 8% of their work days.
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Figure 11-201. Comparison of the number of PEV drivers and EVSE at each work site.

Figure 11-202. Work site charging frequency.
Figure 11-202 shows that the usage frequency of workplace charging units at the work sites studied
varied from work site to work site. It also varied from vehicle to vehicle at a single work site. Some
vehicles were charged every day when they were parked at the work site, others were charged
periodically, and other vehicles were never charged.

)DFWRUV,QIOXHQFLQJ&KDUJLQJ%HKDYLRUSeveral factors contributed to the PEV
drivers’ use of workplace charging, including the following:
x

The cost of charging (free versus cost)

x

Round-trip commuting distance relative to the electric range of the vehicle

x

Demand for charging station use, indicated by the ratio of number of PEVs to the number of EVSE at
a work site

x

The policy for how long a vehicle can be connected to workplace EVSE.



'LVFXVVLRQRI5HVXOWVDW(DFK:RUN6LWH

&RPSDQ\$²During the study period, charging stations were free to employees. Data available from the
AC Level 2 units at this location indicated that these units were highly utilized. The chargers were
managed by an online reservation system, which designated a daily time for each participant to use.
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Company A had a PEV-to-EVSE ratio of 4.6; however, they overcame this limitation through use of the
reservation system. 
There were five Leafs enrolled in The EV Project, which frequently charged and/or parked at this site.
Average charging frequency of these vehicles varied from charging daily to charging once every 4 days.
This varied proportionally with the vehicles’ average commuting distances.
Data collected from the DCFC at Company A showed it was used heavily, averaging 70 charging
events per week. However, drivers of the five Leafs contributing data for this study did not use the DCFC
during the study period. This suggests that AC Level 2 charging was sufficient for these drivers’
workplace charging needs.
&RPSDQ\%²As of fall 2013, Company B charged a fee for employees to use the charging stations.
There was no limit to the time a vehicle can charge, provided employees registered their vehicle with the
company and signed a liability waiver. 
Out of over 100 PEVs owned by Company B employees, there were 17 EV Project Leafs who
regularly parked at this work site. These vehicles were charged on 64% of the vehicle work days in the
study. On first glance, it appears that, like at Company A, charging frequency at Company B was
proportional to commuting distance. Twelve of the 17 vehicles were charged on at least 50% of the days.
These 12 frequently charged vehicles had an average round-trip commute distance of 48 miles, compared
to a 43-mile average commute distance for the five vehicles that were rarely charged. However,
examination of individual driver behavior uncovered that four of the vehicles that were charged at work
on most work days averaged less than 35 miles round trip between home and work. Why would these
drivers be willing to pay to charge often at work when their typical commute was well within their
vehicle’s range? The cost to charge at Company B was $0.14 per kWh plus $0.41 per charge. This fee is
in the range of some residential electricity rate plans in northern California. Therefore, for some drivers,
there may have been little or no cost difference between charging at home and work.
Although the fee charged at Company B did not deter some drivers who live close to work from
charging, it appears to have served as an effective tool for managing charging. Even though there were
2.6 vehicles for every EVSE at Company B and there were no rules limiting the time a vehicle spent
connected to a charging station, the PEV-driving employees at Company B were able to charge on nearly
2 out of 3 work days.
&RPSDQ\&²Use of the charging stations at Company C was free for anyone in the study period.
Charging station usage at Company C was coordinated using social media. 
There were seven vehicles enrolled in The EV Project that frequently charged and/or parked at
Company C. Of these seven vehicles, five of them were charged on over 96% of the days when they
parked at work. The other two were never charged at work. There was a strong correlation between
commute distance and charging frequency. The five vehicles that were charged nearly every day had an
average round-trip commute distance of 56 miles, while the other two vehicles had an average commute
distance of 22 miles.
Analysis of data from numerous charging stations at Company C indicated that the units were nearly
constantly in use. Turnover at charging stations was high and many vehicles were charged each day. This
was made possible by Company C’s decision to allow free charging, its policy encouraging employees to
move their vehicles after charging was completed, and providing employees a system for coordinating
charging. (For more information on workplace charging at Company C, see [2]).
There was a DCFC installed at Company C. However, no vehicles in this study used the DCFC
during the study period. It seems that AC Level 1 and AC Level 2 charging met the workplace charging
needs of these drivers.
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&RPSDQ\'²Charging at Company D was free for employees during the study period. PEV drivers
were asked to park in the assigned charging spaces and to move their vehicle when it completed charging. 
Four EV Project Nissan Leafs frequently parked at Company D. Overall, these vehicles were only
charged on 20% of vehicle work days. Further inspection revealed that two vehicles were charged often,
while the other two vehicles were rarely charged. There was only a slight correlation between commuting
distance and charging frequency. The disparity in charging frequency, despite similar commuting
distances and free charging, suggests that there were other local factors motivating behavior.
&RPSDQ\(²Employees at Company E were required to pay a fee to charge onsite. There was also a
policy in place that required drivers to move their vehicles after they had completed charging. This policy
was enforced by parking security.
Five Chevrolet Volts and three Nissan Leafs enrolled in The EV Project charged and/or parked at this
site. These vehicles were only charged at Company E on 13% of their work days. Of the eight vehicles in
the study, one Volt did most of the charging, with that vehicle’s average round-trip commute distance
exceeding its electric-only operating range. The rest of the vehicles had short commutes, relative to their
vehicles’ electric-only operating range; therefore, there was not a strong need for charging at work. The
cost to charge at Company E was $1.00 per hour connected, which equates to about $0.33 per kWh for the
Leafs and Volts in this study.
&RPSDQ\)²PEV drivers at Company F paid a fee of $0.17 to $0.27 per kWh, depending on the time of
year, to use the charging stations. There were no time limits involved with using the charging stations.
However, drivers were encouraged to display a card on the vehicle’s dashboard, indicating when the
vehicle was expected to be fully charged, so that another driver could use the charging station after that
time.
Company F had a PEV-to-EVSE ratio of 1.1, the lowest of the six work sites in the study. Despite this
low ratio, Company F had the fewest number of work days where charging occurred (i.e., 8%). This may
have been due to low commuting distance. The 11 EV Project Nissan Leafs that frequently parked at
Company F averaged 24 miles round-trip between home and work. Nearly 90% of daily round-trip
commutes were 40 miles or less.
6XPPDU\²Figure 11-203 summarizes the discussion above by overlaying information about each work
site on the charging frequency chart shown in Figure 11-202. The range of average round-trip commuting
distances for the vehicles at each work site is shown in the figure, with the overall average round-trip
commuting distance of all vehicles at a work site represented by a blue diamond.
In general, charging frequency was proportional to commuting distance. This correlation was stronger
at the two work sites that charged fees that substantially exceeded the cost of charging at home.
Company A, Company C, and Company B employed different policies and tools, which effectively
allowed a large number of PEV drivers to charge frequently at work. Charging frequency was low at
Company D, even though the equipment installed and policy for use should have been enough to support
frequent charging. This highlights the need to understand local nuances at companies with a small number
of PEV drivers and EVSE. The combination of low commuting distance and fees at Company E and
Company F, as well as the strictly enforced policy for length of TOU at Company E, led to low charging
frequency at these work sites.

&RQVLGHUDWLRQVIRU3ROLF\'HFLVLRQVSome considerations for managing workplace
charging can be taken from this study.
First, imposing a fee to charge at work will likely reduce charging station use. However, if fees are
too high and/or employee commuting distances are low, charging equipment may be seldom used.
Second, providing PEV-owning employees tools to self-manage charging can be an effective way to
maximize charging station use and accommodate a lot of vehicles, even if charging is free.
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Third, an enforced policy requiring drivers to move their vehicles from parking spaces designated for
charging is a deterrent to workplace charging. Employees may be disinclined to risk a reprimand or fine if
they are unable to interrupt their work day to unplug and move their vehicles at the required time.
Finally, corporate culture may affect employees’ workplace charging behavior. For example, if a
company executive owns a PEV, lower-ranking employees may be reluctant to use a charging station the
executive uses. Likewise, employees with a particular status or background may feel entitled to occupy a
charging station for as long as they want, without regard to other employees’ desire to charge. Naturally,
these cases could occur at any work site, but they may be more likely to occur and will have a more
significant effect at smaller work sites.

Figure 11-203. Summary of factors influencing workplace charging frequency and observed charging
frequency at the six work sites.
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 $SSHQGL[$
7LPH6SHQW3DUNHGDW:RUN²The distribution of time that each vehicle was parked per day at any of
the six work sites in this study is shown in Figure 11-204. Days were only included in this analysis if
vehicles were parked at work for more than 4 hours. The time represents the total time parked during a
work day, even if that parking was broken up by driving throughout the day.
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Figure 11-204. Distribution of time parked per day at work.
This figure shows that vehicles in this study spent between 8 and 10 hours parked at work on over
half of their work days.
&DOFXODWLRQRI&RPPXWH'LVWDQFH²For this analysis, the round-trip commute distance was defined in
the following manner. A vehicle’s round-trip commute distance is the sum of all miles driven from home
to work and work to home, including any driving in between (such as going to lunch). For example, if a
driver has to drop off a child at school before going to work in the morning, that total distance (from
home to school to work) is included in their daily round-trip commute distance. If at lunch, they leave
work and go to a restaurant and then drive back to work, then those distances are also included (from
work to restaurant to work). Finally, the distance from work to home is added to complete the round-trip
distance for that day. Any more driving miles that occur after arriving at home from work are not
included in the round-trip commute distance (such as a trip to the grocery store). Figure 11-205 depicts
this example, with the distance components included in the round-trip commute calculation as green lines.
All daily commutes by the vehicles in this study were included in a single distribution, which is
shown in Figure 11-206.
This figure shows that 64% of round-trip commutes were 40 miles or less.

Figure 11-205. Components of a round-trip commute.
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Figure 11-206. Distribution of round-trip commute distance.

 :KHUH'R1LVVDQ/HDI'ULYHUVLQ7KH(93URMHFW&KDUJH:KHQ7KH\+DYH
WKH2SSRUWXQLW\WR&KDUJHDW:RUN"

,QWURGXFWLRQTherehas been much discussion about where EV charging infrastructure
should be installed. Some researchers have proposed that EVs will be charged primarily at locations,
where vehicles are naturally parked for the longest time. Travel surveys have shown that most vehicles
are parked for the vast majority of time at home and at the work place [114]. Therefore, many researchers
have assumed that most charging will be performed at home and work. This concept is commonly
represented with a triangle similar to that shown in Figure 11-207. This figure represents the expectation
that the majority of the charging will be performed at home, a significant amount of charging will be
performed at work locations, and only a small amount of charging will be performed at other locations.
This paper investigates the actual charging location preferences of Nissan Leaf drivers in The EV
Project who had the opportunity to charge at work. Charging location preference is described in terms of
the percentage of charging events performed and charging energy consumed at home, at the workplace,
and at non-workplace away-from-home locations.

Figure 11-207. Common representation of expected EV charging frequency by location.
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.H\&RQFOXVLRQV

x

A group of 707 Nissan Leafs from The EV Project, whose drivers had the opportunity to charge at
work, performed 65% of their charging events at home, 32% at work, and 3% at other locations over
the period between January 1, 2012, and December 31, 2013. The proportion of charging energy
consumed by location during this time period was similar.

x

During this study period, this group charged their vehicles away from home more than twice as much
as the overall group of Nissan Leaf drivers enrolled in The EV Project.

x

This study’s drivers of Nissan Leafs with workplace charging performed 91% of their away-fromhome charging events at work and 9% at non-workplace away-from-home locations.

x

On days when this study’s drivers of Nissan Leafs went to work, they performed 98% of their
charging events either at home or work and only 2% at other locations.

x

On days when this study’s drivers of Nissan Leafs did not go to work, they performed 92% of their
charging events at home and 8% at other locations.


:KLFK9HKLFOHVDUH%HLQJ6WXGLHG"Owners of Nissan Leafs in 19 metropolitan areas
across the United States participated in The EV Project. They agreed to allow project researchers to
monitor the usage of their vehicles throughout the 3-year project. From the overall group of participants,
vehicles were selected that frequently parked at 277 work sites with known EV charging. These work
sites are located in 11 metropolitan areas across the United States and vary in size from individual office
buildings with small parking lots to large corporate complexes with multiple parking lots and garages.
The type and amount of charging equipment also varies widely between sites, as well as the number and
type of vehicles that could potentially charge at each site. Charging at some sites is open to the general
public, while other sites restrict access to employees only. Some sites exact fees for charging and others
offer free charging.
A group of 707 Nissan Leafs enrolled in The EV Project was found to have frequently parked at these
sites between January 1, 2012, and December 31, 2013. This set of privately owned vehicles performed
over 200,000 charging events during the 2-year study period. This paper will describe the proportion of
these charging events that occurred at home, work, and other locations. The 707 Nissan Leafs in the
sample hereafter will be referred to as “workplace vehicles.”
As a requirement for participation in The EV Project, drivers of all workplace vehicles had the ability
to charge at home. Each participant had an AC Level 2 (i.e., 240-volt) charging unit installed in their
residence. They also had the opportunity to charge at work, based on the fact that they frequently parked
at work sites where EV charging is available. It is important to note that workplace vehicles were
included in the sample regardless of whether they were actually charged at work. This is a subtle but
important distinction because some EV drivers may choose not to charge at work, even though they have
the opportunity to do so.

'LVFXVVLRQRI5HVXOWVPrior to analyzing workplace vehicles, the percentage of
charging events performed, or charge frequency, and charge energy consumed by location was
determined for all Nissan Leafs in The EV Project during the 2-year study period. These results are shown
in Figure 11-208, which shows 84% of charging events were performed at the vehicle’s home location
and 16% of charging events were performed away from home. Nearly the same proportion of energy was
consumed at home and away from home.
The proportion of charge events performed and energy consumed by the workplace vehicles in the
2-year study period was then determined for home, work, and other away-from-home non-work locations
(hereafter referred to as “other” locations). Figure 11-209 shows these results.
Similar to the overall set of vehicles, the relative proportions of charge frequency and energy
consumption by location for the workplace vehicles was nearly equal, with only slightly more energy per
11-261

charge at home than at work or other locations. The frequency and energy of home charging was
considerably lower for workplace vehicles than for the overall group of EV Project Nissan Leafs,
indicating that workplace vehicles performed significantly more charging away from home.

Figure 11-208. Charging frequency and energy consumption by location for all EV Project Nissan Leafs
in 2012 and 2013.

Figure 11-209: Charging frequency and energy consumption by location for workplace vehicles in 2012
and 2013.
Figure 11-209 also distinguishes the away-from-home charging between work and other locations.
Comparing the sums of the work and other location charging frequency and energy in Figure 11-209 to
the away-from-home charging in Figure 11-208 reveals that the workplace vehicles charged away from
home more than twice as much as the overall group of EV Project Nissan Leafs.
In addition, Figure 11-209 shows that workplace vehicle drivers performed only 3% of charge events
and consumed 2% of charge energy at other locations. These locations could be any dedicated public or
private charging station or 120-volt outlet outside of the work sites or the drivers’ residences. Comparing
charging at work to other locations, workplace vehicles performed 91% of their away-from-home
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charging at their work location and only 9% at other locations. This indicates that not only did the
workplace vehicles conduct more away-from-home charging than the overall group of EV Project Nissan
Leafs, but the vast majority of that charging was at work.
Charge frequency of workplace vehicles by location is visualized in Figure 11-210 as a triangle,
drawn to scale. This representation of actual results is similar to expected results often cited by
researchers [115].

Figure 11-210. Charging frequency triangle for workplace vehicles drawn to scale.
Charging of workplace vehicles on the days they were parked at the work sites is displayed in
Figure 11-211. On these days, charging at home and work accounted for 98% of charge events and 99%
of charge energy. Very little charging occurred at other locations. This shows that, in aggregate,
workplace vehicle drivers had little use for non-workplace public charging infrastructure on days they
went to work.
Figure 11-212 shows charging of workplace vehicle on days when they were not parked at work sites.
On these days, 8% of the charge events and 7% of the charge energy occurred at other locations. This is a
significant increase over days when workplace vehicles went to work. However, non-work days
represented only 33% of workplace vehicle calendar days in the study period.

Figure 11-211. Charging frequency and energy consumption by location for workplace vehicles on days
when they were parked at work sites.
11-263

Figure 11-212. Charging frequency and energy consumption by location for workplace vehicles on days
when they were not parked at work sites.
It is not yet clear how much the drivers of workplace vehicles depended on other charging locations
to meet their driving needs. This question will be explored in future works to better understand the value
of public charging infrastructure. Other factors need to be explored as well, such as the influence of
commuting distance and the cost of charging on charging behavior.
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 &KDUJLQJDQG'ULYLQJ%HKDYLRURI1LVVDQ/HDI'ULYHUVLQ7KH(93URMHFW
ZLWK$FFHVVWR:RUNSODFH&KDUJLQJ

,QWURGXFWLRQOver 6,400 private owners of Nissan Leafs in 17 regions across the United
States participated in The EV Project. They agreed to allow project researchers to electronically monitor
the usage of their vehicles throughout the project. 
Of The EV Project vehicles, 622 were identified as frequently having access to charging at one or
more of 248 work sites known to offer workplace charging. The distribution of vehicles by region can be
seen in Appendix A. Data collected from these Leafs from March 2011 through December 2013 were
analyzed to determine how these vehicles were driven and charged on days when they went to work. To
simplify the analysis, days were selected when the vehicle started and ended the day at its home location
and spent over 4 hours parked at work. Also, the day could only include charging at the vehicle’s home
and work locations; days when the vehicle charged at other locations were excluded. The days when the
vehicles were charged at locations other than home and/or work accounted for only 4% of the total days,
which is consistent with previous findings [116]. Finally, care was taken to only include days that fell
within the time period when charging equipment was installed for use at the work locations where the
vehicle parked. This resulted in 76,321 total vehicle workdays, 53,351 of which included workplace
charging.
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All participants in The EV Project had AC Level 2 charging units installed in their homes. Therefore,
the vehicles in this data set represent those who had access to charging at both home and work.


.H\&RQFOXVLRQV

x

A sample of 622 Nissan Leaf drivers participating in The EV Project with access to workplace
charging charged at work on 53,351 vehicle days between March 2011 and December 2013.

x

On nearly a quarter of those days, drivers drove far enough that they could not have completed their
daily driving without workplace charging, even if they fully charged at home.

x

On about half the days, drivers fully charged at home and “topped off” at work. On about a quarter of
the days, drivers only charged at work, even though they had access to home charging.

x

While 14% of vehicles needed workplace charging to complete their daily commutes most of the
time, 43% of vehicles needed it some of the time (i.e., on at least 5% of commuting days). This shows
that workplace charging is valuable as a range extender for drivers who live far from work, as well as
drivers who sometimes need additional driving range beyond their typical commute.

x

On days when drivers charged at work, they drove an average of 15% farther than days when they did
not charge at work. This demonstrates that workplace charging provides a significant benefit for
increasing eVMT.

x

In fact, on days when drivers needed workplace charging, they drove 15 more miles, on average, than
they would have been able to drive without workplace charging. The average commute on those days
was 73 miles.


&ODVVLI\LQJ'DLO\&KDUJLQJ%HKDYLRUVDrivers with access to both home and
workplace charging may use their charging opportunities in different ways; therefore, it is helpful to
categorize charging behaviors. In this analysis, days were assigned to one of the five following daily
charging behaviors:
x

(QDEOLQJ: Days when the driver needed to charge at work in order to complete their daily driving,
even if they charged to the fullest extent at home.

x

7RS2II: Days when the vehicle was fully charged at home before and after work and drivers “topped
off” at work.

x

6RPH+RPH: Days when the vehicle was fully charged at home before or after work, but not both. The
vehicle was also charged at work.

x

2QO\:RUN: Days when the vehicle was only charged at work; the driver did not do any home
charging.

x

(YHU\WKLQJ(OVH Days when the vehicle was charged at work and some amount of home charging
was performed, but the home charging did not fit into the above categories.

For enabling days, workplace charging enabled driving beyond the range provided by home charging
alone. Drivers could not have performed all of the driving they did on enabling days without charging at
work. For days in all of the other categories, home charging could have provided enough range to
complete driving on those days; therefore, workplace charging was not strictly needed. However, if a
driver did not fully charge at home, workplace charging could have had an enabling effect.

3HUFHQWRI'D\VLQ(DFK'DLO\&KDUJLQJ%HKDYLRUThe dominant daily charging
behaviors can be determined by looking at how often each of the behaviors occurs. Figure 11-213 shows
the percentage of days in each charging behavior.
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For nearly a quarter of the days analyzed (i.e., 22%), the daily driving could not have been completed
without workplace charging. On these days, drivers were using workplace charging to extend their driving
range beyond what could be achieved from home charging alone.

Figure 11-213. Percent of vehicle workdays in each behavior classification.
When considering vehicles with access to home charging, it would be natural to think that most
vehicles would charge at home every night and add workplace charging when necessary; this is true for
the top off and enabling days. This sentiment is shared by many in the EV community. However, this
behavior only includes 56% of days. The remaining 44% of days showed that other behaviors were
prevalent. In fact, on over one quarter of the days (i.e., 27%), drivers only charged at work. Presumably, a
driver would do this to reduce charging costs, because many workplaces offer free charging for
employees.

&ODVVLI\LQJ9HKLFOHV%DVHG2Q'RPLQDQW'DLO\&KDUJLQJ%HKDYLRUAfter the
days had been classified, the vehicles themselves could be classified, based on each vehicle’s dominant
behavior. If at least half of a vehicle’s work days fell into one of the five daily charging behaviors, the
vehicle was assigned to that behavior. Those vehicles that did not have a majority of their days in any one
behavior are classified as mixed. The breakdown of the 622 vehicles into each category is shown in
Figure 11-214.
As explained in the previous section, top off (35%) and enabling (14%) behaviors align with
commonly held beliefs about drivers with access to workplace charging, yet less than half of the vehicles
fall into these categories. Almost one third (i.e., 29%) of the vehicles did not even charge at home most of
the time and regularly offset home charging with work charging instead. This behavior may provide
monetary benefit to the driver, but it also may have an adverse effect on the electric grid.

Figure 11-214. Percent of Leafs in each behavior classification.
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About one sixth (i.e., 17%) of the vehicles did not have a dominant behavior and were categorized in
the mixed category. These results illustrate that not only is there wide variation in behavior from vehicle
to vehicle, but there is also day-to-day variation in behavior for individual vehicles. Because of this
variation, dominant vehicle behaviors do not always tell the whole story. It is also important to
understand that drivers of many vehicles exhibit certain behaviors some of the time.
This idea is evident when looking at the Enabling classification. While 14% of vehicles needed
workplace charging most of the time, 43% needed it some of the time (i.e., on at least 5% of commuting
days). This shows that workplace charging is valuable as a range extender for a large portion of drivers,
whether they consistently need it because they live far from work, or they sometimes need additional
driving range beyond their typical commute.
Applying the same idea to the Some Home behavior can provide different insights. It is the dominant
behavior for very few drivers, but drivers of 64% of vehicles exhibit Some Home behavior on at least 5%
of their days. Many of these drivers frequently charged at home, but occasionally forgot to or were not
able to charge at home overnight. Not charging at night sometimes made workplace charging necessary to
complete the next day’s driving. Therefore, whether a driver regularly uses it or not, workplace charging
can provide them with peace of mind, knowing they can still accomplish their daily driving if they forget
to, or cannot, charge at home.

0LOHV(QDEOHG%\:RUNSODFH&KDUJLQJFor all of the days in which workplace
charging is classified as Enabling, some portion of the miles driven in that day could not have been driven
without charging at work. There are a few ways of looking at how many miles workplace charging
enabled. The first method takes the difference between the actual distance driven and the distance that
could have been driven without workplace charging. This method can be thought of as a lower bound of
the miles that workplace charging enabled. For example, consider a day when a vehicle drove 120 miles
and the vehicle left home with a full battery capable of driving 85 miles. Workplace charging was
required to provide energy for the remaining 35 miles; therefore, workplace charging enabled 35 miles for
that day. The second method is based on the idea that if a vehicle could not have completed its daily
driving without workplace charging, then that vehicle would not have been taken to work at all.
Therefore, the entire commuting distance would be enabled by workplace charging. This method can be
thought of as an upper bound of the miles that workplace charging enabled. The results of these methods
can be seen in Table 11-83.
Table 11-83. Miles enabled by workplace charging.
Metric
Total miles enabled
Average enabled miles per vehicle day on days when
workplace charging was needed

Lower Bound
187,030
15

Upper Bound
882,961
73

On days when drivers needed workplace charging, they drove 15 more miles, on average, than they
would have been able to drive without workplace charging. The average commute on those days was
73 miles. This demonstrates that workplace charging provides a significant benefit for increasing eVMT.

(IIHFWRI:RUNSODFH&KDUJLQJRQ'DLO\0LOHV'ULYHQUp to this point, only days
when workplace charging was performed have been analyzed. However, it is important to understand how
these days compare to workdays without workplace charging. In order to do so, data from vehicles that
had workdays with and without workplace charging were analyzed. For each vehicle, average daily
driving distance was calculated for both types of days. It was determined that on those days when drivers
charged at work, they drove an average of 15% farther than days when they did not charge at work. When
looking at days when drivers did not need to charge at work but charged anyway (top off, some home,
only work, and everything else days), they drove an average of 12% farther than days when they did not
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charge at work. This shows that even on days when workplace charging is not needed, it still increases
eVMT.
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$SSHQGL[$Figure 11-215 shows the number of vehicles included in this study in 13 of
the 17 areas where Nissan Leafs were enrolled in The EV Project.

Figure 11-215. Number of vehicles included in this study.

 :KHUH'R&KHYUROHW9ROW'ULYHUVLQ7KH(93URMHFW&KDUJH:KHQ7KH\
+DYHWKH2SSRUWXQLW\WR&KDUJHDW:RUN"

,QWURGXFWLRQThere has been much discussion about where EV charging infrastructure
should be installed. Some researchers have proposed that EVs will be charged primarily at locations
where vehicles are naturally parked for the longest time. Travel surveys have shown that most vehicles
are parked for the vast majority of time at home and at the work place [117]. Therefore, many researchers
have assumed that most charging will be performed at home and work. This concept is commonly
represented with a triangle similar to that shown in Figure 11-216. This figure represents the expectation
that the majority of the charging will be performed at home, a significant amount of charging will be
performed at work locations, and only a small amount of charging will be performed at other locations.
This paper investigates the actual charging location preferences of Chevrolet Volt drivers in The EV
Project who had the opportunity to charge at work. Charging location preference is described in terms of
the percentage of charging events performed and charging energy consumed at home, at the workplace,
and at non-workplace away-from-home locations.
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Figure 11-216. Common representation of expected EV charging frequency by location.


.H\&RQFOXVLRQV

x

A group of 96 Chevrolet Volts from The EV Project, whose drivers had the opportunity to charge at
work, performed 57% of their charging events at home, 39% at work, and 4% at other locations over
the period between January 1, 2013, and December 31, 2013. The proportion of charging energy
consumed by location was similar.

x

During this study period, this group charged their vehicles away from home more than 2.5 times as
much as the overall group of Chevrolet Volt drivers enrolled in The EV Project.

x

This study’s drivers of Chevrolet Volts with workplace charging performed 92% of their away-fromhome charging events at work and 8% at non-workplace away-from-home locations.

x

On days when this study’s drivers of Chevrolet Volts went to work, they performed 98% of their
charging events either at home or work and only 2% at other locations.

x

On days when this study’s drivers of Chevrolet Volts did not go to work, they performed 89% of their
charging events at home and 11% at other locations.


:KLFK9HKLFOHVDUH%HLQJ6WXGLHG"Owners of Chevrolet Volts in 18 metropolitan
areas across the United States participated in The EV Project. They agreed to allow project researchers to
monitor the usage of their vehicles throughout the 3-year project. From the overall group of participants,
vehicles were selected that frequently parked at 97 work sites with known EV charging. These work sites
are located in 15 metropolitan areas across the United States and vary in size from individual office
buildings with small parking lots to large corporate complexes with multiple parking lots and garages.
The type and amount of charging equipment also varies widely between sites, as well as the number and
type of vehicles that could potentially charge at each site. Charging at some sites is open to the general
public, while other sites restrict access to employees only. Some sites exact fees for charging and others
offer free charging.
A group of 96 Chevrolet Volts enrolled in The EV Project was found to have frequently parked at
these sites between January 1, 2013, and December 31, 2013. This set of privately owned vehicles
performed over 29,000 charging events during the 1-year study period. This paper will describe the
proportion of these charging events that occurred at home, work, and other locations. The 96 Chevrolet
Volts in the sample hereafter will be referred to as “workplace vehicles.”
As a requirement for participation in The EV Project, drivers of all workplace vehicles had the ability
to charge at home. Each participant had an AC Level 2 (i.e., 240-volt) charging unit installed in their
residence. They also had the opportunity to charge at work, based on the fact that they frequently parked
at work sites where EV charging is available. It is important to note that workplace vehicles were
included in the sample regardless of whether they were actually charged at work. This is a subtle but
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important distinction because some EV drivers may choose not to charge at work, even though they have
the opportunity to do so.

'LVFXVVLRQRI5HVXOWVPrior to analyzing workplace vehicles, the percentage of
charging events performed, or charge frequency, and charge energy consumed by location was
determined for all Chevrolet Volts in The EV Project during the 1-year study period. These results are
shown in Figure 11-217, which shows 84% of charging events were performed at the vehicle’s home
location and 16% of charging events were performed away from home. Nearly the same proportion of
energy was consumed at home and away from home.

Figure 11-217. Charging frequency and energy consumption by location for all EV Project Chevrolet
Volts in 2013.
The proportion of charge events performed and energy consumed by the workplace vehicles in the
1 year study period was then determined for home, work, and other away-from-home non-work locations
(hereafter referred to as “other” locations). Figure 11-218 shows these results.
Similar to the overall set of vehicles, the relative proportions of charge frequency and energy
consumption by location for the workplace vehicles was nearly equal, with only slightly more energy per
charge at home than at work or other locations. The frequency and energy of home charging was
considerably lower for workplace vehicles than for the overall group of EV Project Chevrolet Volts,
indicating that workplace vehicles performed significantly more charging away from home.

Figure 11-218. Charging frequency and energy consumption by location for workplace vehicles in 2013.
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Figure 11-218 also distinguishes the away-from-home charging between work and other locations.
Comparing the sums of the work and other location charging frequency and energy in Figure 11-218 to
the away-from-home charging in Figure 11-217 reveals that the workplace vehicles charged away from
home more than 2.5 times as much as the overall group of EV Project Chevrolet Volts.
In addition, Figure 11-218 shows that workplace vehicle drivers performed only 4% of charge events
and consumed 3% of charge energy at other locations. These locations could be any dedicated public or
private charging station or 120-volt outlet outside of the work sites or the drivers’ residences. Comparing
charging at work to other locations, workplace vehicles performed 92% of their away-from-home
charging at their work location and only 8% at other locations. This indicates that not only did the
workplace vehicles conduct more away-from-home charging than the overall group of EV Project
Chevrolet Volts, but the vast majority of that charging was at work.
Charge frequency of workplace vehicles by location is visualized in Figure 11-219 as a triangle,
drawn to scale. This representation of actual results is similar to expected results often cited by
researchers [118].

Figure 11-219. Charging frequency triangle for workplace vehicles drawn to scale.
Charging of workplace vehicles on the days they were parked at the work sites is displayed in
Figure 11-220. On these days, charging at home and work accounted for 98% of charge events and 99%
of charge energy. Very little charging occurred at other locations. This shows that, in aggregate,
workplace vehicle drivers had little use for non-workplace public charging infrastructure on days they
went to work.

Figure 11-220. Charging frequency and energy consumption by location for workplace vehicles on days
when they were parked at work sites.
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Figure 11-221 shows charging of workplace vehicle on days when they were not parked at work sites.
On these days, 11% of the charge events and 11% of the charge energy occurred at other locations. This is
a significant increase over days when workplace vehicles went to work. However, non-work days
represented only 30% of workplace vehicle calendar days in the study period.

Figure 11-221. Charging frequency and energy consumption by location for workplace vehicles on days
when they were not parked at work sites.
It is not yet clear how much the drivers of workplace vehicles depended on other charging locations
to meet their desire for driving in electric-only mode. This question will be explored in future works to
better understand the value of public charging infrastructure. Other factors need to be explored as well,
such as the influence of commuting distance and the cost of charging on charging behavior.
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 $FFHVVLELOLW\DW3XEOLF(OHFWULF9HKLFOH&KDUJLQJ/RFDWLRQV

,QWURGXFWLRQOne purpose of The EV Project was to identify potential barriers to the
widespread adoption of PEVs and the deployment of EVSE to support them. This process identified
topics of national interest in the early deployment of PEV charging stations in order to facilitate
discussion and resolution. This section documents the issues associated with The EV Project’s approach
to compliance with the U.S. ADA (28 CFR Part 36).
The EV Project deployed more than 4,000 AC Level EVSEs and DCFC in non-residential locations.
These AC Level 2 EVSE provide recharge services to all PEVs manufactured or sold in the United States
utilizing the standard J1772 connector. As many of these EVSE are publically available, requirements of
ADA are applicable. However, current state and federal regulations do not provide design standards that
specifically address PEV parking and charging.
New standards may be developed; therefore, interpretations and recommendations herein constitute
the best guidance to-date.


/HVVRQV/HDUQHG

$SSOLFDELOLW\²Federal statutes and national standards that guide accessibility requirements include the
following:
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x

2009 International Building Code/2003 ANSI A117.1 standards

x

U.S. ADA (28 CFR Part 36)

Generally, agencies or companies that build new facilities or alter existing facilities must comply with
the ADA Standards for Accessible Design. The ADA also requires that all state and local government
programs and services and all goods and services offered to the public by businesses be accessible to
people with disabilities.
The Federal ADA requirements as well as state and local disability laws require services provided to
the public by business and government to be offered equally to persons with disabilities. Because AC
Level 2 commercial charging stations and DCFC stations deployed under The EV Project are a service
offered to the public, they must be manufactured and installed to meet the accessibility requirements of
federal, state and local laws.
The ADA Accessibility Guidelines for Buildings and Facilities does not specifically address charging
station design. However, equal access for persons with disabilities to publicly available EV charging
stations is still required even absent Accessibility Guidelines for Buildings and Facilities design
guidelines. Accessibility to the EVSE and accessibility to the facility are both important, although
separate, considerations.
In the absence of specific accessibility guidelines for PEV charging stations, states such as California,
Oregon, and Washington were utilizing preliminary guidance documents, past and present, to assist with
application of accessibility standards to EVSE deployment efforts1. Many cities and counties are also
developing their own charge station deployment guidelines.
Because The EV Project had to install charging stations in multiple states and local jurisdictions with
the potential for varying interpretations of accessibility requirements, it was necessary to conduct an
assessment of the application of existing accessibility requirements to charging station design in order to
assist The EV Project in developing methodology for compliance with accessibility requirements from the
Federal Regulations, the 2009 International Building Code/2003 ANSI A117.1, and the 2010 California
Building Code. Results of this assessment are presented in the following paragraphs.
*HQHUDO3DUNLQJ$FFHVVLELOLW\5HTXLUHPHQWV²An accessible space is at least 8-ft wide by 18-ft deep
(Figure 11-222 and Table 11-84), which includes an access aisle of 5 ft on the passenger side.
Two accessible spaces can share the common access aisle. A van accessible space is the same size with an
8-ft access aisle on the passenger side.

Figure 11-222. Typical accessible parking space.
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In general, for every 25 parking spaces, one parking space should be accessible. For every six parking
spaces that are accessible, one parking space should be van accessible.
Table 11-84. Accessible and van accessible spaces.
Parking Spaces
Accessible Spaces
Van Accessible Spaces
1
1
1
2 to 25
1
1
26 to 50
2
1
51 to 75
3
1
76 to 100
4
1
A summary of the elements required for accessibility is found in Table 11-85.
Table 11-85. Accessible requirements.
Element
Accessible Route Width

ADA/ABA 2004
ANSI A117.1 2003
Minimum 36 in. wide

CA Building Code 2010
Minimum 48 in. wide

Accessible Route
Slope/Cross Slope

Maximum 1:20 (5%) running slope Maximum 1:20 (5%) running slope and
1:50 (2%) cross slope; Accessible vehicle
and 1:48 (2%) cross slope;
spaces 1:50 (2%) in all directions
Accessible vehicle spaces 1:48
(2%) in all directions

Reach Range

48-in. front and side

Accessible Controls

Operable with one hand, and not Same
requiring grasping, pinching, or
twisting of the wrist or force more
than 5 lb. Exception: Gas pumps.

Side Access Aisle

Side access aisle of 60 in.” wide

Accessible Card Reading
Devices

54-in. side reach range and 48-in. front
reach range

Side access aisle of 60 in. wide
One card reader and two card readers if
multiple to be within 54-in. reach range;
Accessible route; 30 in. x 48-in. clear floor
space centered on the reader (±9 in.), with
the face of the reader maximum 10-in.
deep

The general requirements for accessibility can be applied to PEV charging stations. A person with
disabilities utilizing an accessible EVSE parking space must be able exit their vehicle, enter a side access
aisle to access the EVSE, operate the charging station, insert the EVSE connector into the EV and access
the services onsite. In addition, the EVSE must comply with the specific ADA requirements noted in
Table 11-85.
5HVWULFWLRQVIRU(OHFWULF9HKLFOH&KDUJLQJ2QO\²Establishing a PEV charging infrastructure has
unique challenges in that the public is not used to seeing EVSEs in public and may be unfamiliar with its
purpose and use. Without specific signage to the contrary, ICE vehicles may park in spaces equipped with
an EVSE because they are convenient and vacant. When a PEV arrives, the driver finds the space
occupied and is unable to connect. For that reason, it is recommended that municipalities adopt specific
ordinances to prohibit non-PEVs from parking in spaces marked (Figure 11-223) for “EV Charging Only”
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and require that PEVs parked in spaces marked for “EV Charging Only” must be connected to the EVSE
while parked.
Therefore, it may not be feasible to install EVSE in existing accessible parking spaces because that
space then becomes exclusively designated for a PEV and would remove one of the accessible spaces
originally required for the facility.

Figure 11-223. PEV charging only sign.
)DFLOLW\$FFHVVLELOLW\²The introduction of EVSEs into an existing parking area brings several
challenges. While there is significant interest and incentive to install EVSEs to promote range confidence
for PEVs, there are several practical considerations as well. Without a substantial quantity of PEVs in the
local market, businesses are wary of investing in the new technology and potential business benefits. The
market is still nascent and making the business case is difficult. Consequently, business owners who are
interested in providing EV charging are interested in completing the installation for the least cost.
The lowest costs for EVSE installations are typically found closer to the electrical supply where any
concrete or asphalt cuts are minimal. These locations are typically not near the business entrance.
It has been found that placing the PEV charging in only the parking spaces in prime locations in a
parking lot can be detrimental to the image of PEVs in that ICE drivers feel the preferential treatment
given is unfair and especially so if the space is frequently vacant.
Thus, PEV parking spaces in preferential locations near the entrance are generally discouraged.
For these reasons, providing an accessible path of travel to the business entrance may also be
difficult.
'LVSURSRUWLRQDOLW\²Subpart D of 28 CFR Part 36 does provide some guidance when considering costs
associated with the design and installation of improvements to a parking area.
Alterations made to provide an accessible path of travel to the altered area will be deemed
disproportionate to the overall alteration when the cost exceed 20% of the cost of the alteration to the
primary function area [120].
In addition, this section identifies examples of costs that may be considered including “costs
associated with providing an accessible entrance and an accessible route to the altered area, for example,
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the cost of widening doorways or installing ramps;…and costs associated with making restrooms
accessible, such as installing grab bars, enlarging toilet stalls,…” [121].
The reference to enlarging toilet stalls as an example would infer costs associated with widening of a
parking space could be included. If the cost to widen a parking space and the associated changes to the
parking lot exceed 20% of the cost of the alteration to the primary function area, the cost would be
disproportional.
([FOXVLYLW\²ADA sets out design requirements for an accessible bathroom. However, an accessible
bathroom stall is not reserved exclusively for a person with disabilities. The same is true for accessible
hotel rooms. Likewise, an accessible EVSE parking space need not be reserved exclusively for an
accessible PEV. As noted in the advisory, “Enforcement of motor vehicle laws, including parking
privileges, is a local matter” [122].
&DUG5HDGLQJ'HYLFHV²Requirements for card reading devices are identified in Table 11-86. The AC
Level 2 Blink EVSE does not contain a card reading device. It does contain a radio frequency
identification device reader, which is used to turn on the charging station by placing a radio frequency
identification device card close to the onboard antenna. Placement of an accessible EVSE unit shall allow
a 48-in. reach to the radio frequency identification device antenna and the EV connector and cable
management system.
$&/HYHO(96(²AC Level 2 EVSE refer to the EVSE category that is powered by 240-Volt AC
current. This is typical of most of the expected EVSE in the workplace and publicly available at
destination locations. AC Level 2 EVSE must be designed for accessibility.
The EV Project provided for accessibility in the AC Level 2 EVSE by adjusting the height of the unit
(Figure 11-224).

Figure 11-224. EV Project AC Level 2 EVSE.
'LUHFW&XUUHQW)DVW&KDUJHU&RQQHFWRU²The DCFC is designed to return a significant recharge to the
EV in a short period of time. It is expected that a PEV will remain connected to this DCFC for a short
time, similar to that involved in refueling an internal combustion car. To accomplish this, the equipment
is designed to provide the high current necessary. The weight of the DCFC connector and cable is the
biggest impediment to full, unassisted access to the DCFC station (Figure 11-225).
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Table 11-86. PEV accessibility requirements.
Element
Accessible Route Width
Accessible Route
Slope/Cross Slope

Reach Range
Accessible Controls

Side Access Aisle

ADA/ABA 2004
ANSI A117.1 2003
California Building Code 2010
Minimum 36 in. wide
Minimum 48 in. wide
Maximum 1:20 (5%) running slope Maximum 1:20 (5%) running slope and
and 1:48 (2%) cross slope;
1:50 (2%) cross slope; Accessible vehicle
Accessible vehicle spaces 1:48 (2%) spaces 1:50 (2%) in all directions
in all directions
48 in. front and side
54-in. side reach range and 48-in. front
reach range
Same
Operable with one hand, and not
requiring grasping, pinching, or
twisting of the wrist or force more
than 5 lb. Exception: Gas pumps.
Side access aisle of 60 in. wide

Accessible Card Reading
Devices

Side access aisle of 60 in. wide
One card reader and two card readers if
multiple to be within 54-in. reach range;
Accessible route; 30-in. x 48-in. clear
floor space centered on the reader
(±9 in.), with the face of the reader
maximum 10 in. deep.

Figure 11-225. EV Project DCFC.
The closest comparison of accessibility requirements for DCFC stations is with retail gasoline
stations. The gasoline-dispensing nozzle typically presents impediments to full unassisted access that are
similar to those encountered with the DCFC connector and cable. Access can typically be achieved only
by the use of an attendant to assist with fueling. Although ADA requires self-serve gas stations to provide
equal access to their customers by the use of an attendant, it provides an exception when the station is
operated on a remote control basis with only a single employee. In California, gas stations staffed with
two or fewer employees are exempt from accessibility requirements. Such stations are required to post
signage indicating that they provide the refueling service as well as signs alerting customers that they
cannot provide the accessible service based on a lawful exemption (California Business and Profession
Code § 13660). Other examples that do not provide for any back-up attendant service for disabled users
are electronic parking lots and street parking meters, bank ATM machines, drive-up ATM machines,
security intercom devices for both pedestrian and vehicular use, and private parking lot ticket machines.
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Thus the business nature of the DCFC host and other factors such as employee availability, the location of
the unit, and costs associated with a local call system will determine whether support services can be
available. The exceptions noted above suggest that these support services are not required.
7RWKH0D[LPXP([WHQW)HDVLEOH²Installing an ADA accessible EVSE parking space affects the
balance of parking for a facility because of the increased width of the access aisle. In many cases, the
access aisle will reduce the total number of parking spaces by at least one. Giving up more parking spaces
may be difficult for the business owner when the size of the parking lot is already limited. The following
guidance is provided by the 2010 ADA Standards for Accessible Design:
The phrase “to the maximum extent feasible,” as used in this section, applies to the occasional case
where the nature of an existing facility makes it virtually impossible to comply fully with applicable
accessibility standards through a planned alteration. In these circumstances, the alteration shall provide
the maximum physical accessibility feasible. Any altered features of the facility that can be made
accessible shall be made accessible. If providing accessibility in conformance with this section to
individuals with certain disabilities (e.g., those who use wheelchairs) would not be feasible, the facility
shall be made accessible to persons with other types of disabilities (e.g., those who use crutches, those
who have impaired vision or hearing, or those who have other impairments)” [123].
Creating an accessible PEV Van parking space may not be feasible, but an accessible PEV parking
space may be feasible. This requirement will be the primary guidance for EVSE installation.

5HFRPPHQGDWLRQVFederal accessibility standards do not specifically address PEV
charging stations. Nevertheless, it is required to incorporate ADA accessibility requirements in the design
of commercial charging station equipment and installation plans. For the purpose of The EV Project and
early market deployment of commercial EVSEs, it was found that reasonable efforts to incorporate
accessibility requirements during installation of its commercial AC Level 2 and DCFC stations can be
accomplished.
5HFRPPHQGDWLRQVIRU$&/HYHO(96(²The following recommendations will enable persons with
disabilities to have access to a charging station and comply with the ADA and International Building
Code:
x

Parking is required in order to use the charging station. An accessible space is required to park, exit
vehicle and access the charging station. The accessible charging station space should have a 96 in.
wide space with a 60 in. wide access aisle similar to a standard accessible parking space.

x

Operable controls within 48 in. front and side reach range; a 30-in. x 48-in. clear floor space is
required.

x

If the accessible charging station is located at a site with other amenities, such as at a convenience
store, coffee shop, etc., then the space needs to be connected by a minimum 36 in. wide accessible
route to the entry of the building. Accessible routes must have maximum 1:20 (5%) running slope and
1:48 (2%) cross slope. It is not an accessible route where wheelchair users and others with mobility
impairments need to compete with vehicular traffic in the traffic aisles.

&RPSOLDQFH5HFRPPHQGDWLRQV
x

When an accessible AC Level 2 EVSE is added to an existing accessible parking space, the parking
space must still meet all of the criteria of an accessible space, including being reserved exclusively for
the use of disabled persons. However, because this accessible parking space is part of the original
accessible parking design, it cannot be reserved exclusively for EV Charging Only.

x

Accessible charging station spaces should have a 96 in. wide space with a 60 in. wide access aisle,
and be provided in the ratio of 1 per 25 charging station spaces installed. Accessible EV van spaces
should be provided with a 96 in. wide access aisle. Table 11-87 illustrates the requirements for EV
parking spaces.
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Table 11-87. EV parking space requirements.
Accessible EV
EV Parking Spaces
Spaces
Accessible EV Van Spaces
1
1
1
2 to 25
1
1
26 to 50
2
1
51 to 75
3
1
76 to 100
4
1
In instances where widening an existing parking space or eliminating a parking space is required to
establish an accessible space, a project cost analysis may be conducted to identify costs associated with
establishing the accessible space. If the costs for alterations required to provide an accessible space
exceed 20% of the unaltered project cost, the alteration costs may be deemed disproportionate to the
overall project cost.
x

Access aisles must take into consideration use from either side to accommodate differences in
location of charging inlets across vehicles. The differences in charging inlets across vehicles and the
design of the EVSE may require the EV driver, both able bodied and disabled, to back into the
parking space.

x

As charging is considered the primary purpose of parking spaces equipped with PEV charging
equipment, the charge station facility is not a parking facility. When an accessible PEV charger is
added to a new accessible parking space, the accessible charging station does not need to be located
immediately adjacent to the building entrances. New accessible charging stations should be located in
a reasonable proximity to the building or facility entrance (consistent with the economical installation
of electrical service to the charging equipment).

x

If an accessible charging station is located on the site of a building that is required to be accessible,
(e.g., convenience store, coffee shop, etc.), then the charging station must be connected by an
accessible route to the entry of the building. Provision of an accessible route through a parking lot
may require curb ramps, crosswalks or other alterations. As an alternative, establishing an accessible
route may involve moving the proposed charging station adjacent to an existing accessible parking
space that has an existing accessible route. In instances where alterations to an existing site or
relocation of the charging station are required to establish an accessible route, a project cost analysis
may be conducted to identify costs associated with establishing the accessible route. If the costs for
alterations required to provide an accessible route from the charging station to the building entrance
exceed 20% of the unaltered project cost, the alteration costs may be deemed disproportionate to the
overall project cost. In this case, the path of travel will be made accessible to the extent that it can be
without incurring disproportionate costs. The disabled person will have access to the charging station
but may need to move the vehicle to obtain access to the entry of the building.

x

Distinct signage must be utilized at accessible charging station parking spaces indicating that the
space is only for PEV charging purposes. It is not necessary that this signage designate the accessible
PEV charging station exclusively for the use of disabled persons. When not in use by a disabled
person, the accessible charging station can be used by able bodied persons similar to the use of
accessible hotel rooms, except when the accessible AC Level 2 EVSE is added to an existing
accessible parking space (see compliance recommendation, the first bullet).

5HFRPPHQGDWLRQVIRU'&)&²The DCFC shall be designed for accessibility. In addition, the
recommendations above for the AC Level 2 EVSE apply along with the following recommendations. The
Blink DCFC does not contain a card reading device.
x

Proposed locations for DCFC station installations may have an attendant (such as at a gas
station/convenience store) or not, as in an unattended parking lot or minimally staffed location.
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Where available, attendants may be used to provide equal access to DCFC stations. Signs or
notification on or near the DCFC stations will let customers know that individuals with disabilities
can obtain charging assistance by honking their horn or otherwise signaling an employee. A call
button may be provided.
x

The cable and connector for DCFC stations weigh approximately 19 lb. The force required to operate
the DCFC connector lever and insert it into the EV inlet exceeds the 5 lb maximum operating force
for accessible controls. However, the exemption allowed for gasoline-dispensing nozzles is applicable
here.


6XPPDU\Federal accessibility standards do not specifically address EV charging
stations. Nevertheless, it is required to incorporate ADA accessibility requirements in the design of
commercial charging station equipment and installation plans.
In general, design requirements provided by the 2010 ADA Standards for Accessible Design can be
accommodated in the design and installation of publicly available EVSE. In some cases, strict
interpretation of these design requirements may increase the project costs disproportionally or create such
facility design issues that compliance is not feasible. Public policy and direction is favoring the expansion
of the EV charging infrastructure and strict interpretation may impede its development. Consideration for
this situation is already provided in the ADA Standards related to “disproportionality” and “maximum
extent feasible.”
For the purpose of The EV Project and early market deployment of commercial EVSE, it was found
that reasonable efforts to incorporate accessibility requirements during installation of its commercial
DCFC stations can be accomplished under the above parameters


5HIHUHQFHV

119. California Department of General Services – Division of the State Architect – Policies, DSA – 2011
California Access Compliance Reference Manual Policies, 97-03 (Revised 6/05/97); State of Oregon
Building Codes Division – Local Building Department Newsletter, “Electric Vehicle Charging
Stations and ADA” (12/08/10), www.bcd.oregon.gov/bldg_newsletter/index.html; Washington
Department of Commerce and Puget Sound Regional Council – “Electric Vehicle Infrastructure – A
Guide for Local Governments in Washington State,” July 2010.
120. Subpart D of 28 CFR Part 36, § 36.403(f)
121. ibid
122. Subpart D of 28 CFR Part 36, § 502.6
123. Subpart D of 28 CFR Part 36, § 36.402(c)
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 &20%,1('352-(&76/(66216/($51('
 &DWHJRUL]LQJ(OHFWULF9HKLFOH6XSSO\(TXLSPHQW9HQXHV
'HVFULELQJ3XEOLFO\$FFHVVLEOH&KDUJLQJ6WDWLRQ/RFDWLRQV
 ,QWURGXFWLRQ
Many stakeholders in the PEV industry are interested in how non-residential EVSE units are used at
various types of locations. The EV Project, ChargePoint America Project, and West Coast Electric
Highway Project provided the opportunity to collect data from Blink, ChargePoint, and AeroVironment
brand charging stations installed around the United States. Over 6,000 EVSE charge ports were installed
at publicly accessible sites as part of these demonstrations.
In order to analyze EVSE usage by location, it was necessary to create a system for categorizing
EVSE sites by location type or venue. A two-level classification system was selected, in which EVSE
sites were assigned a primary venue and a sub-venue. The primary venue is a coarse classification that
broadly defines the site location and provides a general perspective on why a PEV driver would be
parking at that location. Primary venue categories were chosen to be compatible with other PEV charging
infrastructure demonstrations [1]. A sub-venue subdivides the primary venue category to provide an
additional level of detail.
Information provided about EVSE sites by The EV Project, ChargePoint America, and
AeroVironment, as well as publicly available information, were used to classify EVSE sites into venue
categories. The publicly available information sources that were used included Google Earth, Google
Maps, Google Street View, PlugShare, ReCarGo, and various ESRI geographic layers. Geospatial data
were visually inspected and cross-referenced with project data to classify each EVSE site.
The purpose of this document is to define each primary venue and sub-venue category. The results
from analysis of EVSE usage by venue will be presented in future papers.

 3ULPDU\9HQXHV
x

Education: Training facilities, universities, or schools.

x

Fleet: EVSE known to be used primarily by commercial or government fleet vehicles.

x

Hotels: Hotel parking lots provided for hotel patron use.

x

Leisure Destination: Parks and recreation facilities or areas, museums, sports arenas, or national parks
or monuments.

x

Medical: Hospital campuses or medical office parks.

x

Multi-Family: Parking lots serving multi-family residential housing (also referred to as multi-unit
dwellings).

x

Non-Profit Meeting Places: Churches or charitable organizations.

x

Parking Lots/Garages: Parking lots or garages that are operated by private parking management
companies, property management companies, or municipalities that offers direct access to a variety of
venues.

x

Public/Municipal: City, county, state, or federal government facilities.

x

Retail: Retail locations both large and small, such as shopping malls, strip malls, and individual
stores.

x

Transportation Hub: Parking locations with direct pedestrian access to other forms of transportation,
such as parking lots at airports, metro-rail stations, or ferry port parking lots.
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x

Workplace: Business offices, office parks or campuses, or industrial facilities.



6XE9HQXHV

x

Arts and Entertainment: Museums, sports arenas, concert halls, or theaters.

x

Auto Dealer: A retail location that sells automobiles.

x

Business Office: Large office buildings and business office parks.

x

Church: Religious meeting houses or places of worship.

x

City: City buildings, facilities, or parking areas.

x

County: County buildings and facilities.

x

Educational Services: Education facilities, such as colleges, training facilities, and K-12 schools.

x

Fleet: EVSE known to be used primarily by commercial or government fleet vehicles.

x

Healthcare/Medical: Hospital campuses or medical office parks.

x

Hotels: Hotel parking lots provided for hotel patron use.

x

Mall/Shopping Center: Indoor or outdoor shopping areas containing multiple national chains and/or
local retailers.

x

Multi-Family: Parking lots serving multi-family residential housing (also referred to as multi-unit
dwellings).

x

Parking Lots/Garages: Parking lots or garages that are operated by private parking management
companies, property management companies, or municipalities that offers direct access to a variety of
venues.

x

Parks and Recreation: Parks or public recreation facilities, such as soccer complexes and tennis parks.

x

Professional/Technical: Establishments that provide intellectual services, such as law offices,
architects, or consulting groups.

x

Restaurant: Restaurants, such as fast food establishments or fine dining facilities.

x

Retail-Big: Retail stores that occupy large amounts of physical space and offer a variety of products
to their customers, such as Kohl’s or Fred Meyers.

x

Retail-Small: Retailers operating in smaller storefronts, often specializing in niche products or
services. Specific examples are hair salons, gas stations, wineries, and car rental facilities.

x

State: State buildings or facilities.

x

Transportation Hubs: Parking locations with direct pedestrian access to other forms of transportation,
such as parking lots at airports, metro-rail stations, or ferry port parking lots.

x

Utility: Organizations that maintain energy-related infrastructure for a public service, such as power
plants or natural gas lines.

 5HODWLRQVKLSRI7KLV3DSHUWR3ULRU:RUNV
This document builds on a previous publication entitled, “What are the best venues for publicly
accessible EVSE units? (A first look),” published in May 2013 [2]. The venue category definitions
provided in this document supersede the definitions presented in the May 2013 paper.
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 5HIHUHQFHV
1. EVSE Cluster Analysis Electric Vehicle Supply Equipment Support Study,
http://www.transportationandclimate.org/sites/default/files/EVSE_Cluster_Analysis.pdf.
2. http://avt.inl.gov/pdf/EVProj/111608-673919.vu-rev-a.pdf.

 $QDO\]LQJ3XEOLF&KDUJLQJ9HQXHV:KHUHDUH3XEOLFO\
$FFHVVLEOH&KDUJLQJ6WDWLRQV/RFDWHGDQG+RZ+DYH
7KH\%HHQ8VHG"
 ,QWURGXFWLRQ
Stakeholders interested in providing AC Level 2 EVSE units and DCFC are looking to INL to
analyze data collected from Blink, ChargePoint, and AeroVironment EVSE installed around the United
States as part of PEV charging infrastructure demonstrations. Many stakeholders are considering
supporting the emerging EV market by installing or funding EVSE. They have asked where the best
locations are to install public charging stations and how EVSE will be used in those locations. Data
collected by INL can provide insight regarding real-world usage of EVSE at various locations.
Defining the “best” location for EVSE is a complex undertaking. Businesses, government agencies,
and other organizations have many reasons for providing EVSE; therefore, their definition of the “best”
location for EVSE varies. Some are concerned with installing EVSE where it will be highly used and
provide a return on investment. This return may come in the form of direct revenue earned by fees for
EVSE use, or indirectly by enticing customers to stay in their businesses longer while they wait for their
vehicle to charge, or by attracting the PEV driver customer demographic. Other organizations have
non-financial interests, such as supporting reduction of GHG emissions, petroleum reduction, or
furthering other sustainability initiatives. Others install EVSE to boost their public image. Additionally,
employers provide them as a benefit for attracting employees [1].
Furthermore, characterizing an EVSE location is not straight forward. First, the immediate vicinity
surrounding the EVSE, referred to in this paper as the venue, may influence EVSE usage. Other aspects
of location may also contribute to an EVSE site’s popularity (or lack thereof), such as the site’s
geographic proximity to a large business district or an interstate highway. The general location of the
EVSE site, such as the part of town, city, or region where it is located, may also influence its use.
To begin addressing these factors, this paper presents a simple analysis of EVSE usage by venue to
provide a basic comparison of how public charging units are used in different locations. This paper uses
two simple metrics to quantify EVSE usage at different venues and identifies whether EVSE at some
venues were consistently used more than EVSE at other venues.

 .H\&RQFOXVLRQV
x

The majority of the AC Level 2 charging stations discussed in this paper was located at retail
locations and parking lots/garages.

x

DCFCs were not broadly distributed across venue categories; they only existed at eight types of
venues. Most of the venues showed similar use ranges. This indicates that the venue may not be
drawing the customers to DCFCs.

x

The workplace venue was the most utilized venue for AC Level 2 EVSE. People are likely to use AC
Level 2 charging infrastructure for longer periods of time while they are working.

x

All DCFC venues had a median average of 4 to 7 charging events per week per site. All AC Level 2
EVSE had a median average of 9 to 38 charging events per week per site. DCFCs only require
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approximately 30 minutes to charge a vehicle; therefore, it’s expected that they would have a higher
number of daily charging events.
x

EVSE sites were not evenly distributed across venues. If a venue contained a small number of EVSE
sites, there may not have been enough data to accurately describe potential usage.

x

Data presented in this paper were collected at the beginning of EV adoption across the United States.
Also, charging infrastructure was being deployed throughout the data collection effort. Because the
number of vehicles increased and the number of available EVSE increased, this paper demonstrates
the potential for each venue, but it may not accurately describe a mature market.

 9HQXHV'HVFULEHG
Blink, ChargePoint, and AeroVironment’s publicly accessible charging sites containing EVSE that
reported usage data to INL were given a primary venue classification. This venue classification is a coarse
classification that gives a broad definition of the site location and provides a general perspective on the
reason a PEV driver would be using that location. Primary venue categories were chosen to be compatible
with other PEV charging infrastructure demonstrations [2]. Future white papers will subdivide the
primary venues into sub-venues that provide more detail about each primary venue. Descriptions of the
primary venue and sub-venue classifications are provided in the whitepaper “Categorizing EVSE Venues:
Describing Publicly Accessible Charging Station Locations” [3].

 :KLFK(OHFWULF9HKLFOH6XSSO\(TXLSPHQW:HUH%HLQJ6WXGLHG"
This report presents findings from data reported to INL by publicly accessible Blink AC Level 2
EVSE and DCFC in The EV Project, ChargePoint AC Level 2 EVSE in the ChargePoint America Project,
and AeroVironment AC Level 2 EVSE and DCFC on The West Coast Electric Highway in Washington
State and Oregon. EVSE were grouped by site to facilitate analysis by venue. An EVSE site is a location
where one or many EVSE were available for use. Sites discussed were comprised of as few as one and as
many as 18 EVSE. EVSE sites were not evenly distributed geographically across the United States.
This study only included EVSE sites that averaged more than three charging events per week and
were publicly available. There were many reasons a site averaged less than three charging events per
week. EVSE at underperforming sites may have had erroneous location data, were broken, logged data
incorrectly, or were poorly located.
The first 4 weeks of usage of EVSE at a site were not included in the calculation of performance
metrics for that site. This provided a grace period to allow PEV drivers time to discover the charging site.
The subset of data chosen for this research was restricted between September 1, 2012, and December 31,
2013. This period of study was chosen because much of the infrastructure was in place by September 1,
2012, and data collection ended for two of the EVSE brands on December 31, 2013.
The results presented within this paper are divided into two sections based on EVSE type: (1) AC
Level 2 and (2) DCFC. Normally, PEVs connected to AC Level 2 EVSE have a charge rate of 3.3 to
6.6 kW. Most DCFC are designed to provide a charge rate up to 50 kW. This results in dramatically
different charging times. Because usage of the two EVSE types varies, it is necessary to analyze their
usage separately.

 :KLFK9HQXHV+DYHWKH0RVW+LJKO\8VHG(OHFWULF9HKLFOH6XSSO\
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$OWHUQDWLQJ&XUUHQW/HYHO(OHFWULF9HKLFOH6XSSO\(TXLSPHQWAC Level 2
EVSE are less expensive to produce, install, and operate than DCFC. As a result, there are more AC
Level 2 EVSE sites than DCFC sites. Also, most AC Level 2 EVSE sites were installed before DCFC in
the infrastructure demonstrations being studied; therefore, they had more opportunity to be discovered
and utilized. Conceptually, AC Level 2 EVSE are more likely to be used in places where people park for
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significant amounts of time. People charging at AC Level 2 sites likely use the amenities the venue has to
offer. In fact, it is expected that they park at that venue with a primary purpose other than charging their
vehicles, such as visiting a business or facility at that location.
Figure 12-1 categorizes the 774 public AC Level 2 sites in this study into primary venues. Over 89%
of the sites were contained within six venue types, including retail, parking lots/garages, workplace,
public municipal, education, and medical. The retail and parking lots/garages venues contained over 45%
of all AC Level 2 sites.

Figure 12-1. AC Level 2 EVSE sites categorized by their primary venue. The number at the end of the bar
indicates the number of sites within that venue type.
The average number of charging events performed per week at each site was calculated as a measure
of site usage frequency over the study period (excluding the first 4 weeks of operation). Figure 12-2
shows distribution of the average number of charging events per week per site for each venue category.

Figure 12-2. Distribution of average charging events per week per site. Each site’s average number of
charging events is displayed using a white circle. This figure depicts the range and distribution of usage
frequency at sites within each venue type.
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The white circles in Figure 12-2 represent each site’s average charging frequency and range is shown
by the colored bar. For example, the site with the greatest number of average charging events per week at
retail venues averaged 40 average events per week. Alternatively, the site with the lowest number had
three average charging events per week. This means the range in the retail venue was 3 to 40 average
charging events per week.
All charging events performed using any EVSE installed at a charging site were included in the
calculation of average charging frequency for a site. For example, the top seven workplace sites averaged
over 40 charging events per week or over six events per day. These sites all have at least four AC Level 2
EVSE. On many days, multiple EVSE at each site were used on the same day. It would have been
difficult to achieve such high usage frequency at these AC Level 2 sites if they only contained one EVSE.
For each venue type, the distribution of site average charging frequency was skewed to the left,
meaning that most sites did not experience much usage. The median average number of charging events
ranged from four to seven events per week. This means that more than 50% of all charging sites averaged
less than seven events per week. Also, 75 to 100% of the sites for each venue type had usage frequency
that fell between three and 14 charging events per week. Because there was so little difference in median
usage frequency from venue type to venue type and the bulk of the sites all fell within the same range, it
is not possible to say that charging sites of a certain venue type were consistently used more than sites at
other venue types.
Another way to measure charging site usage is by calculating the average energy consumed per week
per site. Figure 12-3 details distribution of the average energy consumed per week per site for each venue
type.

Figure 12-3. Distribution of average energy used per week per site. Each site’s average energy value is
displayed using a white circle. This figure demonstrates the range and distribution of energy consumed at
sites within each venue type.
Figure 12-3 provides the range of average charging energy used per week per site. The white circles
represent each individual site’s average energy per week. Both the number of charging events and the
energy used at sites are important measures of usage. However, Figures 12-2 and 12-3 show that overall
distribution does not change between the two different metrics. Therefore, in this paper it is reasonable to
use either energy or charging frequency to represent usage.
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Figures 12-2 and 12-3 both show a relatively small number of sites that are highly used. These
outliers demonstrate the potential for high usage at sites in numerous venue categories, namely, retail,
parking lots/garages, workplace, and public/municipal. Similar potential may exist at sites within other
venue types; however, this information is not possible to determine in this study because of the low
number of sites within several venue types. The top 10 sites with respect to charging frequency were
located at workplace and parking lots/garages venues.

'LUHFW&XUUHQW)DVW&KDUJHUVDCFC typically can charge an EV (such as the Nissan
Leaf) to 80% SOC in about 30 minutes. In this way, DCFC are useful for quickly extending the range of
BEVs. Individuals charging via DCFCs may be parking at the location specifically to charge at the DCFC
and are not necessarily using the amenities offered by the DCFC venue. Many DCFC have repeat daily
and weekly users.
DCFC technology was introduced to the market later than AC Level 2 EVSE in the demonstrations
being studied. They also were more expensive to deploy than AC Level 2 EVSE. Site selection was more
difficult because high-power DCFC have electrical service requirements that cannot be met at some
facilities. As a result, during the study, there were significantly fewer DCFC and their venue distribution
was less varied than that of the AC Level 2 EVSE.
DCFC data in this study were collected from AeroVironment and Blink units. There were 102 DCFC
sites containing more than three average charging events per week. Similar to AC Level 2 EVSE, there
were not an equal number of DCFC sites within each venue category. Figure 12-4 shows the distribution
of DCFC sites with respect to venue. The retail venue contains 62% of all deployed DCFC.

Figure 12-4. The number of DCFC sites per primary venue. The number at the end of the bar indicates the
number of sites within that venue type.
Figure 12-5 shows the average number of charging events per week per site for DCFC sites by venue.
The site with the most usage is at a workplace venue. However, the ranges of charging frequency between
sites for venue types having more than two sites are similar.
DCFC utilization ranged from three charging events to just over 60 per week. Workplace DCFC saw
the greatest number of charging events per week. Median values for Figure 12-5 range from nine to
38 events per week. This is a much larger spread than was seen for AC Level 2 EVSE sites. Workplace
and education venues had the highest median charging frequency at 25 and 38 events per site per week,
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respectively. However, there is still considerable overlap between the range of average charging
frequency at these sites and sites within other venue types.
Figure 12-6 presents average energy usage per week per site for each venue type. When measured by
energy use, the top retail venue used nearly as much energy as the top workplace venue. This
demonstrates that the two venues have similar potentials for usage.

Figure 12-5. Distribution of average charging events per week per site. The white circles represent each
site’s average number of charging events per week. This figure depicts the range and distribution of usage
frequency at sites within each venue type.

Figure 12-6. Distribution of average energy used per week per site. The white circle represents each site’s
average energy used per week. This figure demonstrates the range and distribution of energy consumed at
sites within each venue type.
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As seen in Figures 12-7 and 12-8, some sites have an average number of charge events per week that
exceed 20 charge events per week. However, it should be noted that the vast majority of the sites had less
than seven charge events per week at each site on average. Note that Figures 12-7 and 12-8 present the
same data in different formats.

Figure 12-7. Average number of charge events per site per week. This graph provides the non-binned
events per site, down to the exact number of sites.

Figure 12-8. Average number of charge events per site per week. This graph provides the binned events
per site by bins of five events per site per week, down to the exact number of sites.
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Figure 12-7 includes 94 Blink DCFC sites, 212 Blink sites with free AC Level 2 EVSE charging,
1,127 Blink sites with For-Cost AC Level 2 EVSE charging, and 1,159 ChargePoint sites with AC Level
2 EVSE charging. Note that the Blink charging infrastructure is part of The EV Project. The ChargePoint
data are from the ChargePoint America Project and the sites are believed to be free to use at
approximately 70% of the sites.
Figure 12-8 includes 94 Blink DCFC sites, 212 Blink sites with free AC Level 2 EVSE charging,
1,127 Blink sites with For-Cost AC Level 2 EVSE charging, and 1,159 ChargePoint sites with AC Level
2 EVSE charging. Note that the Blink charging infrastructure is part of The EV Project. The ChargePoint
data are from the ChargePoint America Project and the sites are believed to be free for use at
approximately 70% of the sites.
Looking at each category of charging event (Table 12-1) and the percentage of sites with seven or less
charge events, it is clear that most public sites are only used, on average, one or less times per day. This is
not to suggest that public charging should not be installed. Rather, it argues that public sites should be
chosen judiciously. A bit of an exception is the Blink DCFC sites because “only” 50% of these sites are
used less than once per day on average. Given the relatively high cost of installing a single DCFC site
(i.e., $24,000 per DCFC mean installation cost, plus hardware costs) that may only be used, on average,
one or less times per day, careful consideration should be given to site selection, especially if there is an
expectation that the DCFC will be installed with private funding and the DCFC will have a positive
payback within 10 years.
Table 12-1. Percentage of weekly charge events per site for the four categories of charging infrastructure
and payment plans.
Blink Free AC
ChargePoint AC
Number of Charge
Blink DCFC
Level 2 Sites (N =
Blink For-Cost AC
Level 2 Sites
Events per Site
Sites (N = 94)
212)
Level 2 sites (N = 1,127)
(N = 1,159)
0 to 1
8.5%
31.1%
52.4%
27.0%
Greater than 1 to 2
9.6%
16.5%
18.7%
16.0%
Greater than 2 to 3
8.5%
7.5%
8.8%
9.8%
Greater than 3 to 4
5.3%
8.0%
5.1%
7.9%
Greater than 4 to 5
6.4%
7.5%
3.1%
6.0%
Greater than 5 to 6
5.3%
4.7%
3.1%
4.8%
Greater than 6 to 7
6.4%
4.2%
1.7%
3.8%
Totals
50.0%
79.5%
92.9%
75.3%

 )XWXUH:RUN
This paper provides a simple description of usage across venues. Future papers will provide more
detailed analysis regarding each specific EVSE site venue type. To understand how EVSE might be used
at a venue, it is necessary to look at more specific metrics, such as total time used, time of day used, and
more information about the site locations. Another future topic will determine if the sites that contained
both AC Level 2 and DCFC EVSE were utilized differently than those with only one type of EVSE
available.

 5HIHUHQFHV
1. “What are the best venues for publicly accessible EVSE units? (A first look),”
http://avt.inl.gov/pdf/EVProj/111608-673919.vu-rev-a.pdf.
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2. “EVSE Cluster Analysis - Electric Vehicle Supply Equipment Support Study,”
www.transportationandclimate.org/sites/default/files/EVSE_Cluster_Analysis.pdf.
3. “Categorizing EVSE Venues: Describing Publicly Accessible Charging Station Locations,”
http://avt.inl.gov/pdf/EVProj/CategorizingEVSEVenuesSept2014.pdf.
4. See the West Coast Electric Highway website at
www.westcoastgreenhighway.com/electrichighway.htm.

 :RUNSODFH&KDUJLQJ&DVH6WXG\&KDUJLQJ6WDWLRQ8WLOL]DWLRQ
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/HYHODQG'LUHFW&XUUHQW)DVW&KDUJLQJ8QLWV
 ,QWURGXFWLRQ
An increasing number of organizations are installing PEV charging stations at their facilities to allow
employees and others to charge their PEVs while they work. The EV Project and ChargePoint America,
two large PEV charging infrastructure demonstrations, provided the opportunity to collect data from the
Blink and ChargePoint brand charging stations installed around the United States, including many
installed at work sites. This paper examines the use of EVSE units at a large work site where multiple
types of EVSE were installed and where a variety of PEVs were charged.

 .H\&RQFOXVLRQV
x

Usage of numerous workplace charging stations from May to August 2013 at Facebook’s office
campus in Menlo Park, CA was studied. The charging stations at this facility included alternating AC
Level 1 and AC Level 2-capable units and a DCFC unit. The AC Level 2 charging units were the
most heavily utilized, accounting for 83% of the charging events, with 11% of the charging events
being performed using the DCFC. Drivers opted for AC Level 1 charging only 6% of the time.

x

The AC Level 2 charging units were used heavily during the work day, averaging 8.7 hours
connected per cord per work day. Drivers tended to stay connected to AC Level 2 cords for around
4 hours or 9 hours – either half a work day or an entire work day. Most of the time, vehicles fully
charged their batteries in less than 5 hours.

x

AC Level 1 outlets were used infrequently and typically remained connected to vehicles for 8 or more
hours per charging event. Because of the slower charge rate, many charging events required 5 to
10 hours to fully charge the vehicles’ batteries. However, a significant number of charging events
required only 2 to 3 hours to reach full charge because the vehicles being charged had small battery
packs.

x

Drivers overwhelmingly preferred AC Level 2 charging over AC Level 1 charging. Data were
collected from 10 charging units at this work site that were capable of both AC Level 1 and AC
Level 2 charging. When drivers arrived at these units and both AC Level 1 and AC Level 2 options
were available, they chose to use the AC Level 2 cord 98% of time. With only a few exceptions, the
AC Level 1 outlet was only used if the AC Level 2 cord was already connected to another vehicle.

x

Facebook followed a few simple guidelines to encourage employees to self-manage EVSE usage.
First, charging units were installed to allow access from multiple parking spaces. Drivers were
encouraged to plug in neighboring vehicles after their vehicle completed charging. Second,
employees were provided with an online message board – in this case, a Facebook page – allowing
them to coordinate charging station usage. Data from the EVSE suggest that drivers leveraged these
resources to minimize the time EVSE were not in use. Thirty-seven percent of the time when one
charging event ended and the next began at the same AC Level 2 EVSE during the same work day,
less than 30 seconds elapsed between the two charging events. Sixty percent of the time, less than
3 minutes elapsed between consecutive charging events.
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x

The DCFC was typically used between 2 and 6 times per work day for 24 minutes or less per
charging event. Eleven percent of the time when a DCFC event ended and another event began on the
same work day, a vehicle had been connected to the second DCFC cord prior to the end of the first
vehicle’s charging event.

 :KLFK:RUN6LWH,V%HLQJ6WXGLHG"
Facebook has installed numerous EVSE at its office campus in Menlo Park, CA. These charging
stations included ChargePoint EVSE units capable of AC Level 1 and AC Level 2 charging rates, Blink
AC Level 2 EVSE units, and a Blink DCFC that were part of The EV Project and ChargePoint America
Project. These EVSE were installed over time as the number of employees owning PEVs and the demand
for workplace charging increased. This study examines the usage of these EVSE from May 1, 2013 to
August 15, 2013, which is the period when data were available from the greatest number of ChargePoint
and Blink EVSE at this work site.
During the study period, usage data were reported from 12 ChargePoint units, 10 Blink AC Level 2
units, and a single Blink DCFC. The ChargePoint units were equipped with an SAE J1772-compliant AC
Level 2 cord set and a standard 120-volt outlet capable of providing AC Level 1 charge power. The
ChargePoint units were capable of providing charge power to both the AC Level 2 cord set and a
connected AC Level 1 cord set simultaneously. The Blink AC Level 2 units each had a single cord with a
J1772 connector. The Blink DCFC was a dual-cord unit. Both cords were equipped with a
CHAdeMO-compliant connector. The DCFC was designed to provide up to 50 kW of power to one
vehicle at a time.
Access to all EVSE and the parking lots at the work site where the EVSE were installed was open to
employees, visitors, and the general public. Usage of EVSE by the general public is believed to have been
low, because the work site is in a relatively isolated location. Non-employee PEV drivers would need to
make a dedicated trip to the work site to use the EVSE.
ChargePoint EVSE usage was free at this location but required a ChargePoint membership card. The
Blink AC Level 2 units were also free to use and required a Blink membership card. The Blink DCFC
also required a Blink membership card to access; however, it was free for a majority of the study period,
but during July 2013, a flat fee of $5.00 per charge session was instituted for all Blink DCFC card
holders.
The host company encouraged drivers to move their vehicles after they were done charging.
However, the company did not enforce this policy.
The number of PEVs owned by employees or others who regularly used these EVSE is not known.
However, it is known that a variety of PEV makes and models with varying battery sizes regularly parked
and charged at this work site.

 'LVFXVVLRQRI5HVXOWV
The study period consisted of 75 work days, excluding weekends and federal holidays. A total of
3,086 charging events were performed during this time period, with 83% of the charging events being
performed and 87% of the energy being consumed using the AC Level 2 EVSE cords. Drivers performed
11% of the events and consumed 9% of the energy using the DCFC. Six percent of the events were
conducted using the AC Level 1 outlets on the ChargePoint EVSE. AC Level 1 charging accounted for
4% of the total energy consumed. Table 12-2 gives a summary of EVSE usage during the study period.
Overall, charging with the AC Level 2 cords and DCFC was vastly more popular than using the AC
Level 1 outlets in the ChargePoint EVSE.
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Table 12-2. Summary of EVSE usage by EVSE power level.
AC Level 1
AC Level 2

DCFC

Number of EVSE ports

12 (34%)

22 (63%)

1 (3%)

Number of charging events

194 (6%)

2,553 (83%)

339 (11%)

1,273 (4%)

30,743 (87%)

3,150 (9%)

Total energy consumed (kWh)


(OHFWULF9HKLFOH6XSSO\(TXLSPHQW8WLOL]DWLRQThe DCFC’s high charge power
made many short charging events in a day possible. It was used an average of 4.5 times per work day,
with an average connection time of 22 minutes per charging event. The host company reported that
employees typically only used the DCFC for “emergencies.” This refers to instances when drivers needed
to charge their vehicles to have sufficient energy to travel to their next destination, but they had not had
the opportunity for a longer charge using AC Level 1 or AC Level 2 EVSE. The data also show that some
users of the DCFC only parked at the work site when they used the DCFC. These instances are believed
to be the general public.
The AC Level 2 EVSE cords were popular, and, on average, were used 1.5 times per work day for
5.6 hours per charging event. Power was drawn by the vehicle for an average of 2.9 hours per charging
event. Over the course of a work day, vehicles were connected to AC Level 2 charge cords for an average
of 8.7 hours per cord, which represents high utilization with respect to connection time. However, AC
Level 2 cords averaged 4.4 hours of transferring power to a vehicle per cord, indicating that often vehicles
remained connected to AC Level 2 cords for several hours longer than was needed to completely charge
their batteries.
The AC Level 1 outlets were used the least frequently, averaging only 0.2 charging events per work
day (or once every 5 work days). Drivers tended to keep their vehicles connected to AC Level 1 ports the
longest, averaging 8.9 hours connected per charging event. AC Level 1 ports provided power to vehicles
for 4.6 hours per charging event (on average).
Table 12-3 provides several metrics for summarizing the average use of AC Level 1 outlets, AC
Level 2 cords, and the DCFC at this work site.
Table 12-3. Summary of EVSE average usage by charge power level.
AC
Level 1

AC
Level 2

DCFC

Average number of charging events per cord per work day

0.22

1.5

4.5

Average time connected to a vehicle per charging event (hour)

8.9

5.6

0.36

Average time transferring power to a vehicle per charging event (hour)

4.6

2.9

0.36

Average time connected to a vehicle per cord per work day (hour)

1.9

8.7

1.6

Average time transferring power to a vehicle per cord per work day (hour)

1.0

4.5

1.6

Distributions of the number of charge events per cord or outlet per work day for the AC Level 1
(i.e., L1), AC Level 2 (i.e., L2), and DCFC charge power levels are shown in Figure 12-9. AC Level 1
outlets were not used at all on 79% of the outlet work days. AC Level 1 outlets were used only once per
day on 21% of the outlet work days and were used twice per outlet work day only four times. AC Level 2
cords experienced one or two charging events on 84% of the cord-work days. At most, an AC Level 2
cord was used five times in one work day. DCFC frequency varied between zero and 12 charging events
in one day, with 49% of the days having four to six charging events.
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Figure 12-9. Frequency distributions of a number of charging events per cord or outlet per work day for
different charge power levels.
The DCFC was connected to a vehicle for 24 minutes or less for 92% of its charging events. It was
never connected for longer than 48 minutes per charging event. On the other hand, for AC Level 2 cords
and AC Level 1 outlets, there was significant variation in time spent connected to a vehicle per charging
event. Figure 12-10 shows the distributions of connection time per charging event for AC Level 1 and AC
Level 2 events.

Figure 12-10. Frequency distributions of time AC Level 1 outlets and AC Level 2 cords were connected
to a vehicle per charging event.
These distributions are bimodal, with humps centered around 4 and 8 hours. This indicates a tendency
for drivers to leave their vehicles connected for about half a work day or for a full work day. Drivers more
often stayed connected to AC Level 1 outlets for a full work day, whereas they more often used AC Level
2 cords for half a day.
The time vehicles spend connected to EVSE at work compared to the time they actually draw power
for charging is particularly interesting to those studying how much charging infrastructure should be
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installed at work sites. Nearly always, the reason power stops flowing while the vehicle is still connected
is because the vehicle’s battery has reached full charge.
Data from this work site revealed that drivers disconnected their vehicles from the DCFC while it was
still drawing power from the charger or within minutes after the end of power flow. By contrast,
Table 12-3 shows vehicles connected to AC Level 1 outlets and AC Level 2 cords remained plugged in
for almost twice as long, on average, as was needed to complete a full charge. However, investigation of
the distributions underlying these averages revealed a more nuanced story. Figure 12-11 presents the
distributions of time EVSE spent transferring power to a vehicle during AC Level 1 and AC Level 2
charging events.
During most AC Level 2 charging events, power stopped flowing in less than 5 hours, meaning that
most charging events were able to completely charge vehicles in about half a day. Leaving vehicles
connected for a full day was typically unnecessary.

Figure 12-11. Frequency distributions of time AC Level 1 outlets and AC Level 2 cords transferred power
to a vehicle per charging event.
For AC Level 1 charging, the distribution of time transferring power per charging event shows
two distinct behaviors. First, a large number of charging events resulted in a fully charged battery in less
than 3 hours. A second group of charging events required between 5 and 12 hours to fully charge
vehicles. Examination of charging events with power flow lasting 2 to 3 hours uncovered that most of
these events were performed by vehicles with small battery packs. These vehicles were more likely to
arrive at the work site with an empty pack. Fully charging these packs at the AC Level 1 charge rate
consistently took 2 to 3 hours. An in-depth discussion on the differences in charging behavior for
different makes and models of vehicles is included in Section 12.3.5.
Comparison of the blue lines in Figures 12-10 and 12-11 shows that the AC Level 1 cords were more
efficiently utilized than the averages in Table 12-3 would suggest. A significant number of charging
events required more than 5 hours for a full charge, and there were a large number of charging events
when the vehicle was left connected for more than 5 hours. The high occurrence of charging events with
power flow ending in 2 to 3 hours pulled down the average time transferring power. For many of these
charging events, EVSE were left connected to the vehicle long after the vehicle was fully charged.
Comparison of the red lines in Figures 12-10 and 12-11 shows that the AC Level 2 cords were also
more efficiently utilized than the averages in Table 12-3 would suggest. For many charging events,
vehicles required less than 5 hours to fully charge their batteries and many vehicles were, in fact,
unplugged in less than 5 hours. Nevertheless, there was a significant number of charging events with
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vehicles connected for longer than 5 hours, even though, in most cases, power stopped flowing before the
vehicles were unplugged. It is reasonable to expect that PEV-owning employees at this work site did not
always have opportunities to unplug or move their vehicles during the work day.
The comparison of time connected and time transferring power can be summarized by counting how
often power transfer stopped prior to the time when the vehicle was unplugged. Figure 12-12 provides the
percent of charging events that ended with a full battery for charging events with a varied connection
time.

Figure 12-12. Percentage of charging events ending with a full battery for charging events of varying
length.
Figure 12-12 shows that most AC Level 2 charging events lasting longer than about half a work day
resulted in a full battery; 75% of AC Level 2 events between 3 and 4 hours and 87% of AC Level 2 events
lasting between 4 and 5 hours ended with a full battery. For AC Level 1 charging, a full work day was
required to completely charge vehicles for the majority of charging events; 66% of AC Level 1 events
lasting between 6 and 7 hours and 74% of AC Level 1 events lasting between 8 and 9 hours ended in a
full battery.
Note the occurrence of short charging events (i.e., less than 3 hours for AC Level 1 charging and less
than 1 hour for AC Level 2 charging) that ended with a full battery. These are consistent with the
charging behavior of the vehicles with the small battery packs that were discussed previously. Also,
regardless of battery size, these short charging events could have been cases when the vehicle had not
been driven very far since the previous charge and the battery had not been depleted much. Driving
behavior of vehicles using workplace charging stations will be the subject of a future paper.
The fact that vehicles spend some time connected to EVSE after being fully charged presents an
opportunity for the host company to reduce charging congestion and increase the efficient use of its
charging stations. If so inclined, the company could choose to enforce its policy requiring employees to
unplug and move their vehicles after they have reached full charge in order to provide opportunity for
others to use the charging equipment. This could be accomplished by parking attendants, electronic
monitoring, or by levying a fee for use that is proportional to time connected. Of course, the company
may be reluctant to risk disrupting its employees’ work day routines. A highly motivated company could
provide a valet to move vehicles or swap cords. A company could also arguably restrict use of certain
EVSE to vehicles with larger batteries or vehicles whose batteries are more fully depleted due to longer
commutes. However, this kind of policy may be problematic, because it may be construed as giving
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preferential treatment to certain employees, which is an issue that is already under debate, even without
such restrictions.
The least expensive and least invasive option for managing EVSE use is to rely on employees to
self-manage their use of charging equipment. The facility manager at the worksite being studied chose
this option and followed a few simple guidelines to increase the accessibility to and efficiency of
workplace charging. First, EVSE were installed to be within reach of vehicles parked in two or three
parking stalls. This allowed drivers to “queue in place.” It was customary for drivers wanting to charge,
who arrived after an EVSE was already connected to a vehicle, to park next to that vehicle and leave their
charge port door open. When the driver of the vehicle using the EVSE returned to unplug their vehicle,
they would disconnect their vehicle and plug in the neighboring vehicle with the open charge port. The
first driver would use their Blink or ChargePoint membership card to begin the neighboring vehicle’s
charging session. This practice was made possible by the fact that there was no cost to use the EVSE;
therefore, drivers could initiate charging sessions for other vehicles without paying for them. Second,
PEV-owning employees were provided with an online message board that allowed them to communicate
with each other to coordinate EVSE usage. This message board included license plate and contact
information; therefore, employees could contact owners of specific vehicles.
By looking at the data, it is apparent that drivers took advantage of these resources. The time between
consecutive charging events was measured to determine how much time elapsed between disconnecting
the cord from one vehicle and plugging into another during the same work day. For AC Level 2 cords,
37% of the change-overs took less than 30 seconds and 60% of the change-overs occurred in less than 3
minutes. This fast turn-around time was a reason the AC Level 2 cords experienced high overall
utilization.
The DCFC generally experienced longer time between charging events, but there was some queuing
in place. Eleven percent of its change-overs lasted less than 10 seconds. These were instances when a
driver connected his vehicle to one of the DCFC’s cords when the other cord was already connected to
another vehicle. Power began flowing to the second vehicle within seconds after completion of the first
vehicle’s charging event.
The DCFC was installed next to a group of AC Level 2 EVSE. The host company reported that
sometimes drivers parked in front of the DCFC but connected to the AC Level 2 EVSE, thereby blocking
others from using one of the DCFC ports.

&KDUJLQJ(QHUJ\&RQVXPSWLRQThe amount of energy consumed by vehicles per
charging event at this work site varied greatly. AC Level 2 cords provided an average of 12 kWh per
charging event. The DCFC delivered an average of 9.3 kWh per charging event. AC Level 1 charging
events averaged 6.6 kWh per event. Figure 12-13 shows the distributions of energy consumed per
charging event by charge power level. This figure highlights the wide variation of energy consumed per
charging event. The average for AC Level 2 charging energy was high because many charging events
consumed over 24 kWh. These high-energy charging events were performed by vehicles with a large
battery capacity, such as the Tesla Model S or Toyota RAV4 EV.
Most of the vehicles using the DCFC were Nissan Leafs, which is a BEV with a 24-kWh battery;
therefore, it is no surprise that DCFC events consumed less than 20 kWh. (See Section 12.3.5 for more
discussion on differences in charging behavior among vehicle makes and models.)

'ULYHU3UHIHUHQFHIRU$&/HYHOYHUVXV$&/HYHO&KDUJLQJBecause the
ChargePoint EVSE offered both AC Level 1 and AC Level 2 charging, a simple analysis of driver
preference was conducted. When drivers arrived at a ChargePoint EVSE and there was no one already
connected to the EVSE, drivers opted to use the AC Level 2 cord 98% of time. The AC Level 1 outlet
was only selected first for 2% of the charging events. This means that nearly every time a driver chose to
use an AC Level 1 outlet, it was because the AC Level 2 cord was already in use. Drivers may have
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consciously chosen the faster charge rate to charge their batteries more quickly to ensure they received a
full charge before they needed to depart. Otherwise, drivers may have been motivated simply by
convenience. The AC Level 2 cord was available on the EVSE, whereas a driver would need to retrieve
their own AC Level 1 cord to plug into the AC Level 1 outlet on the EVSE.

Figure 12-13. Distribution of energy consumed per charging event by charge power level.
Figure 12-14 depicts how much time the ChargePoint EVSE had only its AC Level 2 cord connected
to vehicles, only its AC Level 1 outlet in use, and both the AC Level 2 cord and AC Level 1 outlet in use.
This figure further supports the finding that drivers preferred to use the ChargePoint AC Level 2 cord
over the AC Level 1 outlet. In fact, the time vehicles spent connected to AC Level 1 outlets would have
been even lower, were it not for a single AC Level 1 charging event that lasted 3 weeks.

Figure 12-14. Percent of time ChargePoint EVSE had their AC Level 1 outlet, AC Level 2 cord, or both
in use.

 'LVFXVVLRQRQ9DULDWLRQLQ&KDUJLQJ%HKDYLRUIRU'LIIHUHQW9HKLFOH0DNHV
DQG0RGHOV
Figure 12-15 shows the distributions of average power per charging event for AC Level 1 and AC
Level 2 charging at the work site studied.
AC Level 1 charging was limited by the power limit of the EVSE or, in rare cases, the vehicle’s
onboard charger. Figure 12-15 indicates that most AC Level 1 charging occurred at around 1.4 kW, as
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would be expected for a 120-volt system with a continuous current rating of 12 amps. Charge power was
occasionally as low as 0.6 kW, limited by the vehicle for an unknown reason.
AC Level 2 charging was limited by the power limit of the vehicle’s onboard charger. This varies by
vehicle make and model. Analysis of average charge power per AC Level 2 charging event provided
some insights into the makes and models of PEVs being charged. AC Level 2 charging occurred across a
wide range of power; however, there were obvious groups of charging events averaging around 2.0 kW,
between 3.0 and 3.8 kW, and above 6.0 kW. This is consistent with the nominal charge rates of vehicles
expected to have charged at this work site (e.g., the Toyota Prius Plug-in, Chevrolet Volt, Nissan Leaf,
Ford Focus EV, Tesla Model S, and others).

Figure 12-15. Distributions of average power per charging event for AC Level 1 and AC Level 2
charging.
Figure 12-16 presents the distribution of average power per charging event for DCFC (DC kW) at the
work site studied. DCFC power also varied significantly, but for a different reason than AC Level 2
charging. DCFC power level is controlled by the vehicle and is a function of a number of factors,
including vehicle SOC. The Nissan Leaf, the only vehicle known to have used the DCFC at the work site
during the study period, is capable of charging at up to 50 DC kW. However, the charge power drops
quickly as SOC increases. Therefore, the average power per charging event for the Leaf was always less
than 50 kW.

Figure 12-16. Distribution of average power per charging event for the DCFC.
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AC Level 2 charging events were grouped by average charge power in order to look for trends in
charging behavior by different types of PEVs.

/RZ3RZHU&KDUJLQJ WRN: There were 237 charging events with an
average power in the range of 1.8 to 2.2 kW. These represent 9% of all AC Level 2 charging events in this
study. Vehicles whose onboard chargers operate in this power range include the Toyota Prius Plug-in.
Figure 12-17 shows the distribution of energy consumed by charging events in this average power group.

Figure 12-17. Distribution of energy consumed per charging event for AC Level 2 charging events with
average power between 1.8 and 2.2 kW.
Figure 12-17 shows that 98% of the charging events in this group consumed less than 3.5 kWh and
most consumed from 2.5 to 3 kWh. This narrow range of energy consumption per charging event is a
result of vehicles arriving at the work site each day to day with their batteries depleted to nearly equal
levels. It is highly unlikely that this occurred based on driving routines alone. Instead, this repeatable
behavior was caused by special circumstances.
The vehicles being charged in this group were likely PHEVs with a 3-kWh battery (e.g., the Prius
Plug-in). The Prius Plug-in has a CD range of about 10 miles, after which it can continue to drive using
an ICE. Drivers of Prius Plug-ins, or similarly designed vehicles, probably routinely drove more than
10 miles prior to arriving at the work site. When they plugged in at work, their batteries were all starting
from empty and were frequently fully charged, resulting in consistent energy consumption at the work
site.
Figure 12-18 shows the time connected and time transferring power for AC Level 2 charging events
in this average power range. This figure confirms the assertion that most, if not all, charging events in this
group ended with a full battery.
All but two of the 237 charging events in this group completely charged the vehicle’s battery in less
than 3 hours, yet vehicles were often left plugged in for considerably longer. Furthermore, the average
charge power of these events was only a fraction of a kilowatt higher than could be achieved using AC
Level 1 outlets. Therefore, drivers performing these charging events could have used AC Level 1 outlets
with similar results, leaving AC Level 2 cords available for vehicles with higher charge rates and larger
batteries. Companies installing workplace charging equipment who are interested in maximizing EVSE
utilization could consider educating employees on the differences in charge rates and institute a policy
encouraging drivers of vehicles with low charge power to use AC Level 1 equipment.
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Figure 12-18. Distributions of time connected and time transferring power per charging event for AC
Level 2 charging events with average power between 1.8 and 2.2 kW.

0HGLXP3RZHU&KDUJLQJ*URXS WRN: There were 619 charging events
with an average power between 2.8 and 3.3 kW, representing 24% of the AC Level 2 charging events in
this study. The MY2011-2013 Chevrolet Volt is known to charge in this power range.
Figure 12-19 shows the distribution of energy consumed by charging events in this average power
group. The Volt has a usable battery capacity of about 12.5 kWh. The spike in energy distribution
between 12 and 13 kWh represents instances when the Volt’s battery was charged from empty to full. It is
possible for the Volt to arrive at the work site with a fully depleted battery because it has a
range-extended ICE.

Figure 12-19. Distribution of energy consumed per charging event for AC Level 2 charging events with
average power between 2.8 and 3.3 kW.
Figure 12-20 gives distributions of time connected and time transferring power for AC Level 2
charging events in this average power range. All charging events completely charged the battery in under
5 hours. Some drivers disconnected their vehicles in less than 5 hours, while others left their vehicles
connected for the entire work day. It is not known whether the drivers who disconnected their vehicles in
under 5 hours did so because their batteries reached full charge and they were honoring company policy
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to make the AC Level 2 cord available to other drivers or because they unplugged their vehicle in order to
drive it.

Figure 12-20. Distributions of time connected and time transferring power per charging event for AC
Level 2 charging events with average power between 2.8 and 3.3 kW.

0HGLXP3RZHU&KDUJLQJ*URXS $ERYHWRN: A third group of
charging events was analyzed with average power from above 3.3 kW to 3.8 kW. The MY2011-2012
Nissan Leaf’s onboard charger is known to operate in this range.
Figure 12-21 shows the distribution of energy consumed by charging events in this average power
group. The absence of a spike in energy at a single value supports the idea that the vehicle or vehicles
producing charging events in this group were BEVs (such as the Nissan Leaf), without range extension
capability. These vehicles obviously cannot fully deplete their batteries prior to arriving at the worksite.
Therefore, there is no natural point to which drivers would consistently discharge their batteries. Instead,
their batteries would be depleted proportional to the distance driven since the previous charge, which
would vary according to individual driver routines. When batteries are subsequently charged, the energy
consumed to recharge them would vary fairly evenly.
Furthermore, drivers of BEVs (such as the Nissan Leaf) would likely not allow (or at least not
frequently allow) their batteries to approach full depletion out of concern for running out of charge prior
to reaching their destination. Also, the range of BEVs is considerably longer than the typical commute.
Therefore, it is reasonable to expect that the energy consumed to charge the batteries of these vehicles
would be well less than the battery capacity. For the Nissan Leaf, battery capacity is 24 kWh.
Figure 12-21 shows that most charges were about half this capacity and batteries were never charged
beyond 20 kWh.
Figure 12-22 shows the distributions of time when connected and time when transferring power for
AC Level 2 charging events in this average power range. Charging behavior in this group, in terms of
time connected and time transferring power, is similar to the previous group, although the time
transferring power is slightly longer. This is consistent with the supposition that events in this group came
from BEVs with larger batteries.
 +LJK3RZHU&KDUJLQJ*URXS *UHDWHU7KDQRU(TXDOWRN: A fourth group of
charging events was analyzed with an average power of 5.6 kW or greater. The MY2013 Nissan Leaf,
Ford Focus EV, Tesla Model S, and other vehicles fall in this range. Figure 12-23 shows the distribution
of energy consumed by charging events in this average power group.
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Figure 12-21. Distribution of energy consumed per charging event for AC Level 2 charging events with
average power between 3.3 and 3.8 kW.

Figure 12-22. Distributions of time connected and time transferring power per charging event for AC
Level 2 charging events with average power between 3.3 and 3.8 kW.

Figure 12-23. Distribution of energy consumed per charging event for AC Level 2 charging events with
average power of 5.6 kW or greater.
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The vehicles with onboard chargers capable of power in this range are mostly BEVs with large
batteries. The Tesla Model S, for example, has either a 60 or 85-kWh battery, which provide estimated
ranges of 170 and 220 miles, respectively. Figure 12-23 shows that there were several charging events
consuming over 50 kWh. Barring those with exceedingly long commutes, this suggests drivers may have
forgone charging at other locations in favor of charging at work. They may have been motivated to save
money by charging at work for free or workplace charging may have been their most convenient option.
Drivers who live in multi-unit dwellings, for example, may not have the ability to charge at home.
Figure 12-24 shows distributions of time connected and time transferring power for AC Level 2
charging events in this average power range. Charging times for this group are similar to the two previous
groups, except that the time transferring power is longer still. Again, this is consistent with the
assumption that these charging events were performed by BEVs with larger batteries.

Figure 12-24. Distributions of time connected and time transferring power per charging event for AC
Level 2 charging events with average power of 5.6 kW or greater.

 5HIHUHQFHV
1. Vehicle specifications cited in this paper were taken from manufacturer’s websites,
www.fueleconomy.gov, or INL’s Advanced Vehicle Testing Activity test reports available at
avt.inl.gov.

 'LUHFW&XUUHQW)DVW&KDUJHU8VDJHLQWKH3DFLILF1RUWKZHVW
 ,QWURGXFWLRQ
The deployment of DCFCs is a major topic of discussion within the EV community. DCFCs are a
type of EVSE that charge EVs by providing DC power directly to the EV’s battery pack. Generally,
DCFCs can charge vehicles at 50 kW or higher (compared to charge rates of 1 to 7 kW when vehicles
charge using AC Level 1 and AC Level 2 EVSE), allowing vehicles to be charged quickly. For example,
under the right conditions, the Nissan Leaf can charge its battery pack from near full depletion to around
80% SOC in 30 minutes or less using a DCFC [1]. For this reason, many believe that DCFCs should have
a major role in public EV charging infrastructure.
Most BEVs currently on the market typically require recharging after driving less than 100 miles.
Most BEVs offer a driving range sufficient to meet the needs of most drivers most of the time. However,
if drivers of these BEVs want to take long trips, even infrequently, they need a convenient way to charge
during the trip. One concept to overcome BEV range limitation is to install DCFCs along transportation
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corridors to provide BEV drivers opportunities to recharge quickly along their journey. This section
describes the use of DCFCs that have been installed for this purpose along major highways in the Pacific
Northwest of the United States to determine whether they enable long distance travel in BEVs.

 .H\&RQFOXVLRQV
x

The West Coast Electric Highway Project established a network of DCFCs in the states of Oregon
and Washington. In addition, The EV Project installed a dozen DCFCs in metropolitan areas
throughout the region. Data from these two networks were analyzed to determine how often the
DCFCs were used between September 1, 2012, and December 31, 2013. The most highly used
DCFCs were located in the Seattle, Washington, metropolitan area. Other highly used DCFCs were
found in Portland and Salem, Oregon, and along Interstate 5 (I-5) north from Salem to Vancouver,
British Columbia. Usage generally decreased as distance from I-5 increased.

x

When Nissan Leafs in The EV Project based in Washington and Oregon used DCFCs located inside
Seattle and Portland, they tended to use them during round-trip outings of less than 75 miles. This is
less than the range of the Leaf on a single charge.

x

Leaf drivers used DCFCs located outside city boundaries to support longer travel, often driving
150 miles or more before returning home. For these drivers, the West Coast Electric Highway
successfully enabled significant range extension.

 :KDW:DV6WXGLHG"
The West Coast Electric Highway Project was launched in 2011 to provide a widespread charging
network of AeroVironment brand DCFCs located along highways to enable BEV drivers to travel along
the western coast of the United States. Also in 2011, The EV Project was launched to install a network of
Blink brand EVSE in metropolitan areas of the Pacific Northwest, among other regions. In the states of
Washington and Oregon, a total of 56 AeroVironment and 12 Blink DCFCs were installed within 1 mile
of Interstate 5 and other highways as a result of these two projects. The DCFC were spaced 25 to 50 miles
apart [2].
INL received charging data from 45 AeroVironment brand DCFCs and 12 Blink brand DCFCs along
highways in Oregon and Washington. These data were analyzed, along with data from 1,063 privately
owned Nissan Leafs enrolled in The EV Project in Oregon and Washington. Analysis determined how
often each DCFC was used and how far vehicles were driven on journeys during which they were charged
at the DCFCs.
The period of study for this paper was September 1, 2012, through December 31, 2013. During the
study period, the 57 corridor DCFCs reporting data were used 36,846 times by 2,515 distinct BEVs. Of
the 1,063 Nissan Leafs whose data were analyzed, 319 Leafs were charged at least once using any of the
57 DCFCs in this study. These 319 vehicles performed 3,325 total charging events at these DCFCs during
the study period.
All DCFCs had CHAdeMO connectors during the study period. Any CHAdeMO compatible BEV
could have used these DCFCs, regardless of whether they were participants in The EV Project.

 :HHNO\8VDJHRI'LUHFW&XUUHQW)DVW&KDUJHUVRQWKH:HVW&RDVW(OHFWULF
+LJKZD\
The usage frequency of each DCFC was determined using the data logged by the DCFC themselves.
Figure 12-25 shows a histogram of usage frequency in terms of the average number of charging events
performed at each DCFC per week.
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Figure 12-25. Distribution of usage frequency of DCFCs on the West Coast Electric Highway.
There was a wide range in the usage of DCFCs. The majority were used less than seven times per
week or once per day. However, four were used 35 or more times per week or 5 or more times per day. A
map was created to show how usage frequency varied geographically. This map is shown in Figure 12-26.

Figure 12-26. Usage frequency of DCFCs on the West Coast Electric Highway. The color of each symbol
represents usage frequency. Symbol shape denotes the DCFC brand.
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The figure shows a trend in DCFC usage related to its location. Generally, DCFCs that are closer to
large cities were used more frequently than those in more sparsely populated areas. The DCFCs directly
between the larger cities (i.e., Portland, Seattle, and Vancouver, British Columbia) also had high usage.
DCFCs installed farther from large cities, especially to the east and west of I-5 and south of Eugene, were
generally used less than 7 times per week. This low usage may not create high value for DCFC owners if
they are counting on charger usage to produce revenue or bring in customers to their businesses.
However, each individual charge may have been highly valued by the BEV driver. It is important to note
that the sites of the West Coast Electric Highway DCFC were not necessarily chosen based on projected
usage; more important was to allow EV drivers to take longer trips and to raise awareness and visibility of
EVs and charging infrastructure [3].

 +RZ+DYH%DWWHU\(OHFWULF9HKLFOH'ULYHUV8VHG'LUHFW&XUUHQW)DVW
&KDUJHUV"
To understand the usefulness of DCFCs located along highways to EV drivers, it is important to
know how drivers incorporated the DCFCs into their travel. Were they using the DCFCs because they
happened to be located where the drivers normally spent time or did they use them truly to enable longdistance travel along a highway corridor? To answer this question, data from Nissan Leafs in The EV
Project that used the DCFC in this study were analyzed. Data from each vehicle were broken up into
outings. An outing, which is sometimes also referred to as a journey or tour, represents all driving done
from when a driver leaves home to when they return home. Outings can span multiple days and include
numerous charges or they can be a single drive around the block.
A map was produced to show all of the places where EV Project Leafs parked when away from home
during outings. This map is shown in Figure 12-27. Light blue points denote where parking occurred
during outings when, at some point during the outing, a DCFC was used. Parking locations were shown
as black points if DCFCs were not used during the outing. For reference, the regions within which EV
Project participants lived were shaded in light gray.
This map shows that when DCFCs were used, drivers covered a much larger geographic area than
they did on outings without DCFCs. During outings when DCFCs were not used, drivers rarely parked
outside EV Project regions. From Figure 112-27, it is obvious that the West Coast Electric Highway
DCFCs allowed drivers to cover more ground, but it is also important to quantify how far vehicles were
driven before and after using these DCFCs.
For each outing during which a DCFC was used, the total distance driven in that outing was
calculated. If a vehicle used a certain DCFC in multiple outings, those outing distances were averaged to
remove any skewing effects that may arise from a single vehicle using a DCFC more than other vehicles.
For each DCFC, this analysis produced a list of every vehicle that used it and each vehicle’s average
outing distance when they used the DCFC. The median of vehicle average outing distances for each
DCFC was then used to represent the outings using that charger. The distribution of median outing
distances for all DCFCs is shown as a histogram in Figure 12-28. To be included in this analysis, a DCFC
had to be used in 30 or more outings. Many of the least frequently used DCFCs were not used enough by
Nissan Leafs in The EV Project to be included in the outing analysis.
The median outing distances are fairly evenly distributed, with 75 to 150 miles being most common.
The map from Figure 12-26 was updated to reflect the median outing distance values for each DCFC
using stars of increasing size. This map can be seen in Figure 12-29. The symbols for the DCFCs not
included in the outing analysis remain unchanged from Figure 12-26.
The DCFCs with the shortest median outing distances were almost all near the city centers of Seattle
and Portland, which are the largest cities in Oregon and Washington. The median outing distances for
these DCFCs were less than 75 miles, or less than the full charge range of the Leaf. This suggests that, in
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general, these DCFCs were not used to support corridor travel, but rather were used because they were in
areas with high concentrations of EV Project Leafs.

Figure 12-27. Away-from-home Nissan Leaf parking locations during outings were added to the map
showing DCFC usage frequency. The color of the parking location points indicates whether a DCFC was
used during the outing.

Figure 12-28. Histogram of median outing distance for DCFCs used during 30 or more outings by Nissan
Leafs in The EV Project.
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Generally, the farther the DCFC was from the larger cities, the higher the median outing distance was.
Those that were used in the longest outings were between Portland and Seattle, on the Oregon Coast, and
north of Seattle toward Vancouver, British Columbia. These DCFCs are similar because they are not near
large population centers; therefore, it is unlikely the vehicle owners lived close to them and used them for
convenience.
Looking at DCFCs on I-5 between Portland and Seattle, as well as north of Seattle, they were all used
one to four times per day. All of them had median outing distances of greater than 150 miles and some
were greater than 225 miles, requiring at least three full charges of the Leaf battery. These results suggest
that the West Coast Electric Highway in these areas is being used by BEV drivers to support a
considerable amount of long distance travel. In fact, further inspection of the data found that there were
19 outings longer than 500 miles. The longest of these outings was 770 miles. To accomplish this, the
driver performed 16 fast charges at nine different DCFCs throughout the region.

Figure 12-29. Stars of varying size were added to the map in Figure 12-26 to denote median outing
distance of EV Project Leafs when using DCFCs on the West Coast Electric Highway.

 5HIHUHQFHV
1. See http://www.nissanusa.com/electric-cars/leaf/owner-questions.
2. Botsford, C., “The West Coast Electric Highway,”
www.energycentral.com/enduse/electricvehicles/articles/3017.
3. Powers, C., “Supporting the Plug-In Electric Vehicle Market Best Practices from State Programs,”
Georgetown Climate Center, www.georgetownclimate.org/sites/GCC-Supporting-PEV-MarketDecember-2014.pdf.
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 7RS(OHFWULF9HKLFOH&LWLHVDQG$PHULFDQ5HFRYHU\DQG
5HLQYHVWPHQW$FWRI&KDUJLQJ,QIUDVWUXFWXUH'HSOR\PHQWV
ChargePoint recently released what they calculated as the 10 cities [1] in the United States with the
highest number of EVs (Table 13-1). Although details of how this was calculated are not known and it
can only be assumed that PHEVs and EREVs are included, it is interesting to note the correlation
(perhaps not causation) between these 10 cities and the cities involved in the two charging infrastructure
projects that were conducted as part of DOE’s ARRA activities.
Between The EV Project and the ChargePoint America Project, charging infrastructure was deployed
in seven of the top 10 cities. The EV Project deployed infrastructure in six of the top 10 and the
ChargePoint America Project in four of the 10. When looking at the four metropolitan areas with the most
PEVs, the two DOE projects were in all four. It should be noted that observations about the number of
EVSE deployed are only based on the number of EVSE reporting data to INL.
It is difficult to claim that the highest rate of acceptance and purchase of EVs in the United States was
driven solely by the DOE infrastructure deployments, because many other factors can influence purchase
behavior, including demographics, tax incentives (e.g., Atlanta [2]), ultra-low off-peak special charging
rates for PEVs, distances driven, access to high-occupancy lanes, and strength of the local environmental
movement. Regardless of other influences, the two DOE ARRA projects were deployed in 80% of the
metropolitan areas in the United States with the most EVs, suggesting that the two projects may have
helped the acceptance of EVs. At a minimum, it appears the project planners, with input from DOE, were
able to correctly anticipate metropolitan areas that were excellent candidates for deployment and use of
charging infrastructure.
Table 13-1. DOE ARRA charging infrastructure deployments for the 10 most EV friendly cities in the
United States.
Charging Infrastructure Deployed and Reporting Data to INL
Metropolitan Area
San Francisco, CA
Los Angeles, CA
Seattle, WA
San Diego, CA

EV Project
2,071

ChargePoint
1,317 (includes Sacramento)

1,176

919

1,515 (statewide)

142 (statewide)

1,485

Honolulu, HI
Austin, TX

350

Detroit, MI

571 (statewide)

Atlanta, GA

384

Denver, CO
Portland, OR

1,195 (statewide)

Deployment locations for both projects can be seen in Figure 13-1; the map of the top 10 cities can be
seen in Figure 13-2.
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Figure 13-1. Total deployment locations for The EV Project and the ChargePoint America Project.

Figure 13-2. Locations of the 10 most EV friendly cities in the United States per ChargePoint.
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1. “Top 10 Cities For Electric Cars: San Francisco Leads, But It’s Not All California,” see:
http://www.greencarreports.com/news/1097174_top-10-cities-for-electric-cars-san-francisco-leadsbut-its-not-all-california.
2. “Sparks Fly,” 7KH(FRQRPLVW, March 21, 2015, see: http://www.economist.com/news/unitedstates/21646758-georgias-breaks-electric-vehicles-may-be-too-good-last-sparks-fly.

 &RPSDULQJ'ULYHU,QIOXHQFHRQ3OXJ,Q(OHFWULF9HKLFOH
3HWUROHXP5HGXFWLRQ%HQHILWV
 ,QWURGXFWLRQ
The intent of this section is to benchmark the large impact driver behavior can have on the capability
of PEV technologies to reduce petroleum consumption.
Chevrolet Volts operating in commercial fleet missions (146 Volts in electric utility fleets) and the
general public’s use of Volts (1,895 Volts purchased and operated by private vehicle owners were used to
highlight how plug-in technology can maximize petroleum reduction. Results for the second quarter of
2013 (April through June) were chosen for comparison because this reporting quarter saw the most
commercial fleet Volts reporting the highest quarterly miles driven and it was also the reporting quarter
when the most privately operated Volts in The EV Project reported the highest quarterly miles driven.

 $QDO\VLV5HVXOWV
Vehicle use profiles and charging behavior of the two groups of Volts were examined to understand
why the Volts driven by the general public achieved more than double the fuel economy results compared
to commercial fleet operators (i.e., 142 versus 68 mpg). Table 13-2 provides summary statistics
describing driving and charging behavior of the two groups. The key differences are as follows:
x

The single largest variable was the amount of eVMT by private drivers. The private Volt drivers
averaged 79% more eVMT than the commercial Volt drivers, resulting in more gasoline being used
by commercial drivers because their vehicles were operated more often in ERM, during which the
gasoline engine must operate in order to drive the Volt. (Section 7 for the GM Chevrolet Volt Vehicle
Demonstration contains explanations for EVM and ERM.)

x

Based on electrical energy efficiency given in terms of AC Wh/mile, commercial vehicles were likely
driven more aggressively, with AC Wh/mile about 9% higher than The EV Project Volts. However,
this difference could also have been influenced by the private vehicle drivers’ desire to maximize all
electric miles by minimizing the use of auxiliary loads and impacts from different climates.
Commercial drivers may have been more focused on “getting their job done.”

x

Privately owned Volt drivers charged their Volts more often, with about 35% more charge events on
days the Volts were driven. This factor was the strongest influence on the higher mpg results for The
EV Project Volts.

x

Figures 13-3 and 13-4 show how commercial Volts were driven for longer trips than the general
public drove their Volts. These longer trips, especially the ones beyond 40 miles, which is beyond the
Volt’s approximate single charge EVM range, would clearly necessitate the use of ERM operations
and use of gasoline for propulsion.

There was only a 1% difference in gasoline fuel economy when both sets of Volts were operating in
ERM, suggesting that use of auxiliary loads and other settings that may reduce overall fuel economy
results were approximately equal for both The EV Project and commercial fleet Volts.
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The SOC at the being of charge events (Figure 13-5) in the commercial Volts is significantly higher
that SOC at the beginning of charge events in the public Volts (Figure 13-6), suggesting more full
discharges in the commercial Volt batteries.
The end-of-charge SOC is very similar for both the commercial Volt charge events (Figure 13-7) and
the at-home location charge events for the privately owned Volts (Figure 13-8). The away-from-home
charge events for the privately owned Volts and their SOC is indicative of opportunity charging that often
ends before 100% SOC is reached.
Table 13-2. Data collection results that quantify Volt use in The EV Project’s public and the commercial
fleets. Data in this report are for the second reporting quarter of 2013, both for The EV Project Volts and
DOE commercial fleet Volt demonstration.
Parameters
Number of Volts
Total miles driven (miles)
Overall mpg
Overall AC Wh/mile
ERM mpg
Percentage of miles driven in EVM
ERM efficiency (AC Wh/mile)
Charging events per day on days driven
Average trip distance (miles)
Average distance between charge events (miles)
Average number of trips per charge event

Public Volts
1,895
5,753,009
142
231
36.1
75%
310
1.5
8.3
27.6
3.3

Commercial Volts
146
407,245
68
157
36.5
42%
338
1.1
12.3
50
4.1

Figure 13-3. Percentage of total miles driven by trip distance and operating mode for Volts operated by
commercial drivers.
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Figure 13-4. Percentage of total miles driven by trip distance and operating mode for Volts operated by
private EV Project drivers.

Figure 13-5. Battery SOC for Volts in commercial fleets at the start of charge events.
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Figure 13-6. Battery SOC for Volts driven by the general public at the start of charge events.

Figure 13-7. Battery SOC for Volts in commercial fleets at the end of charge events.
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Figure 13-8. Battery SOC for Volts driven by the general public at the end of charge events.
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The intent of this section is not to determine if the Leaf or the Volt is a “better” vehicle or better
technology. Both vehicles have distinct technology designs and advantages and it appears that PEV
drivers may decide to purchase and use one or the other technologies due to self-perceived driving needs.
The goal of this section is to demonstrate driver behavior impacts when using technologies that can
significantly reduce petroleum use while still providing functionality similar to a comparative ICE
vehicle. Driver behaviors that influenced variables such as charge times, SOC at the beginning and end of
charges, and miles driven per charge and per day driven are discussed in the following subsections.
By using a single reporting quarter during which INL was able to report driver behavior of a
significant number Volts and Leafs in The EV Project, comparative examples can be used to highlight
how different plug-in technologies can maximize petroleum reduction. The results for the second quarter
of 2013 (i.e., April through June) were chosen for comparison because this reporting quarter saw the
highest volume of Leafs and Volts in The EV Project provide data that represented the most miles driven
during a single reporting quarter.

 $QDO\VLV5HVXOWV
The sample size is different for the Leafs and Volts: 4,261 Leafs provided data and 1,895 Volts
provided data during the second quarter of 2013. Although there were about 2.25 times as many Leafs
providing data, the total miles reported was only 1.4 times more for the Leafs than the Volts. Table 13-3
provides summary statistics describing the driving and charging behavior of the Leaf and Volt groups.
The following are key differences:
x

Volts were driven by drivers about 28% more miles on days they were driven

x

The average trip distance for Volt drivers was 17% longer than for Leaf drivers

x

Leaf drivers took 15% more trips than Volt drivers per charge event

x

Miles driven per charge event were nearly the same, with Volt drivers driving 3% more miles per
charge event
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x

Volt drivers charged their vehicles 36% more often than Leaf drivers on days the vehicles were
driven.

Table 13-3. Common analysis results that quantify Volt and Leaf use in The EV Project. Data in this table
are for the second reporting quarter of 2013, when the most EV Project Volts and Leafs provided data and
reported the most miles driven by the most respective vehicle models.
Parameters
Number of Volts
Total miles driven (miles)
Average trip distance (miles)
Average distance traveled per day when the vehicle was driven (miles)
Average number of trips between charging events
Average distance traveled between charging events (miles)
Average number of charging events per day when the vehicle was
driven
Percent of home charging events
Percent of away-from-home charging events

EV Project Leafs
4,261
8,040,300
7.1
29.5
3.8
26.7
1.1

EV Project Volts
1,895
5,753,009
8.3
41.0
3.3
27.6
1.5

74%
20%

80%
14%

As can be seen in Figure 13-9, SOC for Leaf drivers at the start of charging reflected a traditional bell
curve, which was likely due to their driving needs and perhaps drivers’ reluctance to more fully discharge
traction battery packs (this is what some like to call “range anxiety”).

Figure 13-9. Battery SOC at start of Leaf charge events.
Figure 13-10 shows SOC for the Leaf at the end of charge, with about 60% of home charges resulting
in a near 100% SOC. Away-from-home charging events result in a similar near 100% SOC about 50% of
the time. Note that approximately 80% SOC at the end of a charge occurred about 22% of the time, which
reflects the Leaf drivers’ use of the Leaf’s so-called long life mode, which ceases charging (regardless of
charge rate) to stop at about 80% SOC. Drivers can instruct charging to continue to 100% SOC. The
feature that stops charging at approximately 80% is intended to extend the life of the Leaf traction battery.
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Figure 13-10. Battery SOC at the end of the Leaf charge events.
Volt drivers have a much flatter pre-charge SOC profile (Figure 13-11). Note that 20 to 30% of the
time Volt drivers do not start recharging their packs until they are at less than 10% SOC. However, Volt
drivers have the luxury of having an ICE as a backup for propulsion if they fully discharge their traction
battery packs.

Figure 13-11. Battery SOC at start of Volt charge events.
As seen in Figure 13-12, Volt drivers have a fairly high SOC at the end of charging, with 85% of
home charge events ending at 90% or greater SOC and 65% of away-from-home charge events ending at
90% SOC or higher.
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Figure 13-12. Battery SOC at the end of Volt charge events.
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The intent of this section is not to determine if one project or EVSE provider was “better” than
another in terms of deployment numbers or usage rates. Both projects were distinct and differently
designed and conducted in mostly different regions of the United States. The intent of this section is to
examine if PEV drivers displayed significantly different charging behavior in different projects and
different regions. The results for the second reporting quarter (i.e., April through June) of 2013 are used
because this reporting quarter saw the highest number of EVSE from both The EV Project and the
ChargePoint America Project providing data to INL. This reporting quarter also saw the most data
generated from charge events, both independently and combined, with a combined 830,000 charge events
reported.
As seen in Figures 13-13 and 13-14, the residential EVSE time connected and drawing power profiles
are fairly similar. Looking at public EVSE in both projects (Figures 13-13 and 13-14), the ChargePoint
public EVSE had a PEV connected more often (i.e., ChargePoint public AC Level 2 EVSE units had a
vehicle connected 14% of the time compared to The EV Project’s 8% of the time). For the percentage of
time power was being transferred for AC Level 2 EVSE, it was 4% for ChargePoint and 2% for The EV
Project. However, this ignores The EV Project’s public DCFC connection time of 5% and power transfer
time of 5%.

Figure 13-13. EV Project EVSE utilization.
13-10

Figure 13-14. ChargePoint America EVSE utilization.

 5HVLGHQWLDO(96(
When looking at the weekday residential connection profiles in Figures 13-15 and 13-16, the median
connection percentages (i.e., black line) are extremely similar.

Figure 13-15. The EV Project charging weekday residential EVSE connection profile.

Figure 13-16. ChargePoint America charging weekday residential EVSE connection profile.
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Ignoring the difference in the scales in Figures 13-17 and 13-18 due to the different number of
residential EVSE, the weekday profiles are fairly similar and both display similar power transfer
characteristics at midnight (0:00), when TOU rates influence drivers to set midnight as the time to start
charging.

Figure 13-17. EV Project power transfer weekday residential EVSE profile.

Figure 13-18. ChargePoint America power transfer weekday residential EVSE profile.
Table 13-4 shows that the average length of time with a vehicle connected per charging event at
residential EVSE in The EV Project was about 30 minutes less than residential EVSE in the ChargePoint
America Project, and they also drew power for a slightly shorter period of time. However, The EV Project
residential EVSE transferred slightly more energy per charge event. This result is driven by the weekday
average of 8.1 kWh transferred in The EV Project, while weekend charge events saw a 6.89 kWh average
energy transfer. The energy transfer amounts for the ChargePoint America residential EVSE were 7.34
kWh on weekdays and 6.17 on weekends.
Table 13-4. Overall length of time with a vehicle connected, energy being drawn, and total energy
transferred at residential AC Level 2 EVSE. This includes summary weekday and weekend data for The
EV Project and ChargePoint America project.
EV Project ChargePoint
Average length of time with vehicle connected per charging event (hour)
11.5
12.2
Average length of time with vehicle drawing power per charging event (hour)
2.2
2.3
Average electricity consumed per charging event (AC kWh)
7.8
7.03
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While there were some differences in the length of time with a vehicle connected, both The EV
Project (Figure 13-19) and ChargePoint America Project (Figure 13-20) residential connection times are
similar.

Figure 13-19. EV Project distribution of length of time with a vehicle connected at residential EVSE.

Figure 13-20. ChargePoint America distribution of length of time with a vehicle connected at residential
EVSE.
At first glance, distribution of length of time with a vehicle drawing power per charge event for The
EV Project residential EVSE (Figure 13-21) seems to be longer than charge times for ChargePoint
America (Figure 13-22). However, they are actually fairly similar when one considers that The EV
Project’s x axis is in 1-hour increments and the ChargePoint America’s x axis is in 2-hour increments.
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Unfortunately, the scales used for binning residential kWh used per charge event for The EV Project
EVSE were in 3-hour increments (Figure 13-23) and 2-hour increments for the ChargePoint America
Project (Figure 13-24); therefore, direct comparisons are difficult. The spike in the 10 to <12 kWh bin in
the ChargePoint data is interesting, and it is believed to have been mostly the result of Volts recharging
from low SOCs.

Figure 13-21. EV Project residential EVSE distribution of length of time with a vehicle drawing power
per charge event.

Figure 13-22. ChargePoint America residential EVSE distribution of length of time with a vehicle
drawing power per charge event.
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Figure 13-23. EV Project distribution of AC energy (kWh) consumed per charging event at residences.

Figure 13-24. ChargePoint America distribution of AC energy (kWh) consumed per charging event at
residences.
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Based on the percentage of public EVSE with a vehicle connnected in The EV Project (Figure 13-25)
and in the ChargePoint America Project (Figure 13-26), it appears that the ChargePoint public EVSE
consistently had a higher percentage of time with a vehicle connected on weekdays. Weekend connection
time percentages were much flatter, but again, the ChargePoint public EVSE had more vehicles connected
as measured by a percentage of EVSE in each project. By this time, The EV Project was requiring a fee at
nearly all public EVSE, while ChargPoint public EVSE use was believed to be 70% free.
The public demand profiles for both of the EVSE projects (Figures 13-27 and 13-28) are fairly
similar, with power transfer peaking before noon on weekdays. However, the ChargePoint America peak
demand was about twice as high as The EV Project peak demand, even though The EV Project had about
25% more public EVSE reporting use data during the April through June 2013 reporting quarter. Again,
the fees charged for public charging in The EV Project versus ChargePoint America’s mostly free
charging were likely the greatest influence.
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Figure 13-25. EV Project weekday public EVSE percent of charging units with a vehicle connected.

Figure 13-26. ChargePoint America weekday public EVSE percent of charging units with a vehicle
connected.

Figure 13-27. EV Project weekday public EVSE aggregate demand.
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Figure 13-28. ChargePoint America weekday public EVSE aggregate demand.
Table 13-5 shows that even though drivers charging at public EVSE in The EV Project are connected
for about 30 minutes less than public EVSE in the ChargePoint America Project, they actually transferred
power for a slightly longer period of time. The longer power draw times resulted in slightly more energy
used during the average public charging event.
The EV Project’s public EVSE saw an average of 8.7 kWh used on weekdays and 8.4 kWh on the
weekends. The energy transfer amounts for ChargePoint America’s public EVSE were 7.86 kWh on
weekdays and 7.56 on weekends.
Table 13-5. Overall length of time with a vehicle connected, energy being transferred, and total energy
transferred at public AC Level 2 EVSE. This includes weekday and weekend data for The EV Project and
the ChargePoint America Project.
EV Project ChargePoint
Average length of time with vehicle connected per charging event (hour)
4.5
5.1
Average length of time with vehicle drawing power per charging event (hour)
2.3
2.2
Average electricity consumed per charging event (AC kWh)
8.6
7.9
While there were some differences in the length of time with a vehicle connected, both The EV
Project (Figure 13-29) and ChargePoint America Project’s (Figure 13-30) public connection times are
similar.

Figure 13-29. EV Project distribution of length of time with a vehicle connected at public EVSE.
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Figure 13-30. ChargePoint America distribution of length of time with a vehicle connected at public
EVSE.
At first glance, public EVSE distribution of length of time with a vehicle drawing power per charge
event for The EV Project (Figure 3-31) seems to be longer than the charge times for the ChargePoint
America Project (Figure 3-32); however, they are actually fairly similar when one considers that The EV
Project’s x axis is in 1-hour increments and the ChargePoint America’s x-axis is in 2-hour increments.
Unfortunately, the scales used for binning the residential kWh used per charge event for The EV
Project were in 3-hour increments (Figure 3-33) and 2-hour increments for the ChargePoint Project
(Figure 13-34); therefore, direct comparisons are difficult. Having said this, there does appear to be fairly
similar amounts of energy being used for charging in both projects.

Figure 13-31. EV Project public EVSE distribution of length of time with a vehicle drawing power per
charge event.
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Figure 13-32. ChargePoint America public EVSE distribution of length of time with a vehicle drawing
power per charge event.

Figure 13-33. EV Project distribution of AC energy (kWh) consumed per charging event at public EVSE.

Figure 13-34. ChargePoint America project distribution of AC energy (kWh) consumed per charging
event at public EVSE.
13-19

 6XPPDU\
While some slight differences in use patterns exist, public and residential AC Level 2 EVSE were
used in similar ways, with similar amounts of energy being transferred per charge event. However, the
ChargePoint America Project’s public EVSE were used more frequently than The EV Project’s public
EVSE, but again, free charging does have higher use rates than fee-based charging. Private
commercial/non-residential EVSE were not compared because the specific types of EVSE sites included
in these categories varied between the two projects.

 :KR+DV8VHG7KLV,QIRUPDWLRQDQG+RZ+DYH7KHVH5HVXOWV
+HOSHG3URJUHVVWKH3OXJ,Q(OHFWULF9HKLFOH0DUNHW"
INL reports on PEV performance and petroleum reduction capabilities and drivers’ use of PEVs and
charging infrastructure in national and regional PEV and charging infrastructure demonstrations have
been used by automakers to inform decisions in the following areas:
x

Vehicle powertrain architecture design, electric range selection, and battery sizing

x

Onboard charger power level

x

Battery life and warranty cost prediction models.

Representatives from Ford, GM, Chrysler, Honda, Nissan, Toyota, BMW, and Mitsubishi have
expressed appreciation for information published by INL. Independent and unbiased data gathering and
analysis from real-world demonstrations provides them with valuable feedback on how customers are
using their products. Ford, GM, Honda, and Toyota have asked for additional special analysis and
reporting.
eVMT and other behavioral statistics have been published for the SAE committees and for state and
federal regulators to validate assumptions used in development of testing standards and regulatory policy.
Charging behavior and subsequent demand on the electric grid continue to be requested by electric
utilities in the United States and abroad to inform their assessments on the following:
x

The impact of EV charging on the electric grid

x

Pricing elasticity and efficacy of TOU electricity rates for EV owners.

Reports and presentations on PEV charging station usage have been used by auto companies, PEV
charging equipment manufacturers, facilities management companies, PEV advocacy groups, and federal
and state government agencies to inform EV charging infrastructure deployment decisions with respect to
location, equipment charge power level, and pricing models.
PEV infrastructure installation cost data have been requested by PEV charging equipment service
providers, automakers, and researchers to help them understand how equipment installation decisions and
subsequent costs can be a barrier to EV adoption.
Numerous other organizations were provided with special reports or presentations to aid their
research, planning, or policy decisions related to EVs design, promotion, and climate change. These
groups include the following:
x

Argonne National Laboratory

x

APS

x

CARB

x

California Energy Commission

x

Cardiff University, United Kingdom
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x

Center for Climate and Energy Solutions (formerly the Pew Center on Global Climate Change)

x

City of Chattanooga, Tennessee

x

City of Knoxville, Tennessee

x

Clinton Foundation – Clinton Climate Initiative

x

Colorado State University

x

Colorado State Energy Office

x

Columbia Hospitality

x

Commonwealth Edison Company

x

Delaware Valley Regional Planning Commission

x

Electric Drive Transportation Association

x

EPRI

x

Energy and Environmental Resources Group, LLC

x

Eugene Water and Electric Board

x

Georgia Power

x

Green Mountain College

x

London Hydro, Inc.

x

Los Angeles Department of Water and Power

x

Massachusetts Institute of Technology

x

Memphis Light Gas and Water

x

Middle Tennessee Electric Membership Corporation

x

Nashville Electric Service

x

National Academy of Sciences Committee on Overcoming Barriers to Electric Vehicle Adoption

x

National Renewable Energy Laboratory

x

Oak Ridge National Laboratory

x

Oncor Electric Delivery

x

PG&E

x

PacifiCorp

x

PECO Energy Company

x

PGE

x

Public Utility District No. 1 of Snohomish County

x

Puget Sound Energy

x

Salem Electric

x

Sacramento Municipal Utility District

x

Salt River Project

x

SDG&E
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x

Seattle City Light

x

Seattle University

x

State of Idaho

x

State of Oregon

x

State of Washington

x

Tucson Electric Power

x

Union of Concerned Scientists

x

University of California – Davis Institute for Transportation Studies

x

University of Georgia

x

University of Texas Austin

x

U.S. Department of Transportation

x

Vermont Energy Investment Corporation

x

Wall Street Journal

x

Washington State Department of Transportation
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Prior to its involvement with ARRA projects, INL had project experience with the processes involved
in collecting data from vehicles and charging infrastructure in field applications. Current INL staff
experience dates to the early 1990s, when data were collected via IBM-286 personal computers that were
installed in each test vehicle. The computers collected data from custom-installed sensors. In order to
transfer the data from the IBM-286 personal computers, floppy disks were manually removed and mailed
to INL so data could be downloaded and checked for quality. Charging data were collected separately via
ABB utility grade meters installed onboard the vehicles; the data were downloaded via optical sensors
that were powered by early lithium batteries.
Eventually, as the above process matured, cellular communications and server-to-server data transfers
were adopted that allowed data streams to be sent to INL from both vehicles and charging infrastructure.
By the late 2000s, as data collection technology evolved, this had become standard INL practice. Many
algorithms were developed for ensuring data quality and calculating the metrics and graphs that were used
to populate the reports. By 2009, INL had databases that contained data collected from several thousand
PEVs.
When the ARRA projects were initiated, based on extensive past experience, INL was tasked with
using its mature vehicle and charging infrastructure data collection, analysis, reporting, and secure storage
processes to benchmark the ARRA projects and various technologies’ abilities to be successfully used by
the consumers to reduce petroleum consumption. The integrated processes and systems used by INL are
described in the following subsections.

 +DQGOLQJ'DWD
In order to accomplish data transfers from various project partners and ensure raw data are handled
securely, non-disclosure agreements were signed with each of the project partners.
This section of the report describes how INL handles data collection, quality analysis, storage, and
other aspects of data management. This section contains the following subsections:
1. Data warehouse management
2. Work flow
3. Receiving files
4. File types
5. Servers
6. Processing files
7. Basic database practices
8. Quality assurance
9. Standard report calculations
10. Security.
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Figure 14-1 shows the overall process used to transmit data from vehicles and charging infrastructure
being benchmarked in field operations to INL and eventually produce external reports.

Figure 14-1. Overview of the vehicle and charging infrastructure data collection and report generation
process used for ARRA projects.
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The individual work flow steps for the ARRA projects can be seen graphically in Figure 14-2.

Figure 14-2. Work flow process for vehicles and charging infrastructure in the ARRA projects.
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Normally, data files were pushed to the INL secure file transfer protocol server by project partners.
Sometimes data files were pulled by INL from the partners’ data servers; rarely, data files were emailed
for small projects; and, in some cases, the data files arrived on hard drives. The files were then moved to
the INL file share server and all data files were archived. Note that there were not any direct links from
INL databases to data providers per INL’s and partners’ security guidelines.

 )LOH7\SHV
The files types included the following:
x

Comma delimited files (i.e., CSVs) or column delimited files (i.e., txt) formats were used.

x

The types of data collected in comma delimited files included the following:

Vehicle data (internal and external logging)
- EVSE data
- Maintenance data.
x No Excel files were allowed (Excel is not available on INL database servers).
-

 6HUYHUV
INL employed numerous servers, including the following:
x

Secure file transfer protocol server.

x

Processing server, where a process database resided, into which data were loaded from raw files.

x

Report server, which contained a stage database and report.

x

Internet sever, which housed reports and other information made available to the general public.

 3URFHVVLQJ)LOHV
Data were loaded using standard query language server integrated services and the following steps
were required:
x

Preprocessing was sometimes required, using Perl or server integrated services.

x

Data were loaded into a process database in a temporary table.

x

Raw data filenames were tracked with a load identifier.

x

A unique numeric identifier was created for each record.

x

Data were processed into standard data tables aggregating data on numerous levels to allow for
reporting and analysis.

 %DVLF'DWDEDVH3UDFWLFHV
A relational database and the following processes were used:
x

Numeric keys in the database were always faster.

x

Standard database, table and field names (process, stage, and report).

x

Optimize indexing.

x

Processing loads data into the temporary tables then does summations into the stage database. Stage is
backed up and copied to the report server.

x

Re-usable stored procedures for calculations.
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-

Finding the first and last value, maximum and minimum value, and average (mean and mode)
value.

 4XDOLW\$VVXUDQFH
Based on experience with similar field-based data collection projects, the importance of proper
quality assurance is a well-established INL requirement that included:
x

Tables were used to store the database name, table name, field name, and low and upper bounds.

x

Tables were used to store rules for a result.

x

Data that was out of bounds was reported to the data reviewer.

x

Data were marked as unusable in the reports base on the quality assurance check.

 &DOFXODWLRQ6WDQGDUGV
While data were received in several formats, the following processes ensure standard methods were
used:
x

Data were in standard units (miles per hour or kilowatts).

x

Single stored procedure was used to make similar calculations.

x

Tables were used to drive report results.

x

Report results were prepared into a result table at report run time.

x

Standard query language server reporting services were used.
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The security processes are intentionally not described in detail; however, an overall figure
(Figure 14-3) is appropriate.

Figure 14-3. Overview of security used for ARRA data at INL.
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