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I Content Note and Outline

Content Note:

The content of this presentation is taken from the INL Data center workshop, lecture
notes, publish articles and INL’s internal reports. This presentation focused on the
general overview of nuclear-powered data center in the U.S.!

Presentation Outline

- Part-l: Objective, Motivation, Overview of Nuclear-Powered Data Center in the U.S.

- Part-ll: Site selection and Regulatory Requirements

 Part-lll: Community Engagements, Deployment and Techno-economic

Consideration, and Summary
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Part-I:

- One Page Overview: Nuclear-Powered Data Centers
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« 4> High demand for small to large nuclear
reactors offering N+1/N+2 options to ensure
99.99% reliability.
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Data centers use more eletricity
than entire countries

Domestic eletricity consumption of selected
countries vs. data centers in 2020 in TWh

- @ Strategic site selection: water resources, grid
access, land, and optical fiber connectivity are
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deployment within 6-7 years (max 10 years). Figure: Data center: (a) INL workshop, (b) power demand worldwide,

(c) facility overview, and (d) power consumption.

Source: https://energycentral.com/c/ec/us-data-center-enerqy-train-wreck
https://blog.publiccomps.com/a-primer-on-data-centers/ IDAHO NATIONAL LABORATORY
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Part-I:

- Objective and Motivation

Objective: Accelerated deployment of nuclear-powered data centers to meet the
escalating energy demands of data centers in the USA

Motivation: This study aims to provide actionable insights for stakeholders to accelerate the
deployment of nuclear-powered data centers, thereby enhancing energy reliability,
sustainability, and national security in the USA.

Therefore, a general techno-economical analysis understanding would be supportive for these
target challenges:

o Goal: Strengthen the Techno economic analysis of nuclear-powered data centers
e Goal: Enable U.S. Leadership in Global Nuclear Energy Markets with NEXUS-DC

Here, NEXUS-DC is for “Nuclear Energy eXpedition for US Data Centers,”

o a pursuit to identify the road-blocks with realistic accelerated deployment actions to play
o focus on reactor demand, site selection, community engagement, and regulatory

frameworks.




Part-I:

Il Overview of Data Center: Industry Growth and Status

- Data center industry are energy hungry: need clean, reliable, scalable, and economical energy!
 New data centers prefer sites with access to land and water, as well as grid and optical fiber connectivity!

Worldwide Data Centers NORTHERN VIRCINIAN (S Data centers consume a
a;3“p' significant amount of electricity
Current 202t or - Significant growth is led by

~8,000 Data Centers globally

~33% in the U.S. hyperscale data centers

 The goal is to increase the
use of carbon free energy

 Renewable energy is an
option, but reliability is a

~460 TWh demand globally (52 GWe gen
~200 TWh in the US (22 GWe generation]

SEATTIE

e TORONTO
PORTLAND| CORHIEE
382 MONTREAL
127

By 2026 BOSTON challenge
~800-1000 TWh global demand SILICON VALLE EégTYI-?ERRFN( . Challenge for utilities to meet
~260 TWh U.S. demand B A The sy ATLANTA the tlmely demand
Eés VEGAS

By 2030 St Lavseenaco Nuclear energy provides
U.S. Data Centers will need 203 carbon-free, dispatchable and
30-35 GWe of additional capacity e U:S. s the blagest gecaraphtcal reliable which Data Center is

e e L looking for!

Amazon, Microsoft and Google.

Taken from [1], For more information: htips://brightlio.com/data-center-stats/ and
https://www.visualcapitalist.com/cp/top-data-center-markets/ [2] IDAHO NATIONAL LABORATORY



https://brightlio.com/data-center-stats/
https://www.visualcapitalist.com/cp/top-data-center-markets/

Part-I:

- Overview of Data Center: Capacity and Types

— Small Data Centers:

e — High-Performance Computing (HPC):
 Facilities under 5,000 square feet of computer

« High server utilization rates and high-

floor space _ t
« Comprise more than half of all servers in data powWer requirements
centers « Typically low availability requirements
* Represent the largest share of data center load. « Used by universities, research centers, and
— Colocation Facilities: increasingly private businesses

« Multi-tenant data centers
* The owner leases space, power, and cooling to
multiple customers
« Customers have varying IT hardware and needs.
— Enterprise Data Centers:

— Hyperscale Data Centers:

« Owned by large tech firms, cloud
providers, and telecommunications
organizations

- Owned and operated by a single company * Massive in size and energy/water

- Critical to the firm's operational integrity requirements

- Often sizable, though not as large as hyperscale * High requirements for continuous,
data centers uninterrupted operation.

Source: https://betterbuildingssolutioncenter.energy.gov/data-center-toolkit [3]
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Part-I:

Overview of Data Center:
Visual Representation

— Items in traditional data center:

1) Main power distribution with
Automatic Transfer Switch (ATS)

2) Diesel Generator

3) Uninterruptible Power Supply (UPS)

4) Network Power chiller

5) Dry cooler

6) UPS batteries

7) Network Power climate control

8) Servers, storage, and networking
equipment

9) Electric grid connected power
transformers

Source: https://blog.publiccomps.com/a-primer-on-data-centers/ [4]

= e e e e
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Part-I:

- Overview of Data Center: Value Chain

- Products/services related Data Center Value Chain
to daiia center: _ Semiconductor Value Chain Data Center Cloud Providers
« Semiconductor: design S Comoute
and manufacturing 5 CPU GPU ASIC Compute
~> . ) —
- Data center cloud SYNOPSYs || ARM @D 2| e S 2 Q| é% O aws
. - SYNoPsys
providers: compute, cadence|| cigence AMDZ ... || AMDDM v = | o)
networking, storage T e e
’ ’ _ Chip Designer P
power, cooling, and — 4"7 &4 AMDZI : N ﬁ%n Networking (inteD B
Operating software @nvmm Perinsu g |HI MARVELL @ BROADCOM ARISTA "CII'S‘"CL;' Storage
amazon
Manufacturing _’* S3 Micr%?r?:tgﬁ)zrgéi
All the major tech industries 7 Storage N
J Fabs % VAST “ @ - 6 Google Cloud Storage
(e.g., Microsoft, Amazon, ) e > tsitic DALEMC P PURESTORAGE Netapp ] -
= = g *Not an exhaustive list of companies/categories enerative Value
ﬁ;oglz,[l;gfll_, NVIddla, ?MD, T Foundation
an _ ) produc a Semicap Power || Cooling| OEMs | Operators On-Prem
and/or services are A..K_ ﬁ(LLAApp%EE:mL_N EXN | @veery | () o||..8 | W g2 (o m
somehow connected to data SML Glienss Schneider || ABB || perLeic|| 8 oem e ' W

center value chain.

Source: https://blog.publiccomps.com/a-primer-on-data-centers/ [4]
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Part-I:
Ove rVIeW Of Data Ce nte r Grid Scale Grid Infrastructure Energy Efficiency Maximizing Data Center

| Clean Energy Enhancement and and Demand Side Efficiency and
Industry (Cont d) Deployment Expansion Flexibility Operational
cﬂiﬁ?ﬁ ﬂ Flexibility
* The U.S. rising total energy demand Hq 3  I— R —mm—— B o
potentially growing ~15-20% in the next Expand oulsting supply Enhanca exlsting Improve energy Improve data center
decade fmmmwpﬂﬁm; transmission and efficiency efficiency
. o ol distribution
* Solar + Advanced reconductoring giﬁﬁ?:wiﬁ?ﬁf;ig and . E{ﬂf;g;ﬁ;fﬁﬂ ed;ﬁ:cm:ggcy
. » Onshore wind + Grid-enhancing technologies - J - Building automation
- Data center electricity demand can - Storage (bateries) . Dirbuon atemeton | . . Buding eMciency
. . + Hydropower + Point-to-point HYDC »  Geothermal heating and
present challenges in an evolving power - Comentionalgeathemal . agvanced fexivle transtormers cooling
system, targeted actions can help the o o
U.S. maintain a reliable, affordable, i
secure, and resilient power system! Scala emerging Expand transmission Manage and flex Enhance operational
solutions and distribution demand flexibility and efficiency
« DOE Resources Available to e e il - %ﬁ%ﬁ;ﬂ;’;’;wm * Floblo oparaonel
O . i [ee] = Microgrids . p :
Support Data Center Electricity D | e SRR | | ietcets Saded syl il
Needs. » Carbon capture storage I % e optimization
. {CCS) on power plants |
https://www.energy.gov/sites/default/files/2024- : gﬁmﬁm&wmw
08/DOE%20Data%20Center%20Electricity%?2
0Demand%20Resources.pdf [5] Advanced key enablers:
*  Proactive planning, evolving regulatory decision-making and processes
Source: https://www.energy.gov/policy/articles/clean- +  Grid market frameworks that fully value energy solutions, modernizing interconnection

energy-resources-meet-data-center-electricity-demand [6] *  Permitting enhancements, innovative tariff structures, new financing structures
»  Supply chain and workforce development
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Part-I:
- Overview of Reactor Systems: based on reactor sizes

Mostly three sizes: (a) Large-scale, (b) Small modular reactors (SMRs), and (c) Micro-sized [7].

Despite the recent surge in
interest, the basic SMR concept
is not a novel one. Initial plant
designs in the 1950s—including
the very first commercial
reactors—were, in many ways,
SMRs with power output ranges

Large-Scale Reactor |
300 MW - 1,000+ MW |

1,500 ACRES
of 10-100 MWe [8].
Small Modular Reactor #
SOACRES ‘ d@g& SMRs Development phases:
S Lp—— more than 80 SMRs are under
\4!!,‘* design, development,

demonstration, deployment, and
beyond (4D+) phases worldwide.

IDAHO NATIONAL LABORATORY
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Part-I:

Il USA Nuclear Context: large-reactors

Most of the US fleet was built 1970-1980s; in 1974, 12 reactors came online

* USAwill need 200 GWe of new New nuclear capacity commissioned per year!, GWe @ Number of reactors
nuclear by 2050; tripling current
. 0000000000000000000000000000000000000000000000000000000000
100 GWe capacity 105
(>7 GWelyear!) 22 g0

8.6

* Has been done before (12 units 4 4 &
in 1974), but it remains a huge 7
challenge with supply chain sl ¥
decay. . 36

2.6
2923 24 2425

18

* Comparison with China: added N 12 12 . ;
34 GWe in last 10 years. nl 1 1 I il

67 68 69 70 71 72 73 74 7576 77 78 79 80 81 B2 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

1. Excludes test and prototype reactors; Mete: Watts Bar 1 & 2 construction erginally began in 1973 and halted in 1985, construction resumed an Unit 1in 1992 and Unit 2 in 2007

Source: Advanced Nuclear - Pathways to Commercial Liftoff [9]

Existing nuclear fleet produce extremely cheap (will be
approximately $32/MWh) electricity if lifetime extensions Taken from [1].

taken into account— 88 out of 92 US reactors were
granted 60-year lifetime extensions



https://liftoff.energy.gov/advanced-nuclear-2/

Part-I:

- USA Nuclear Context: large reactors vs SMRs (cont’d)

Large reactors are cheaper $/kw with narrower cost distributions while

SMRs may offer smaller overall project costs

Total reactor cost

Cost per kw
Large Small Small Large Large Small
median cost median cost median cost median cost
~$8,500/kw ~$13,000/kw ~$4B ~$12B D .
® @ ® ® MW 1400 300
: ‘ : StDv/Mean 019 026
: Skew 146 264
[ ==}
D B
W
Mote: these are modeled costs for large and small boiling water reactors; specific designs will have their own cost profiles that will vary R
©@ENERGY

SMRs are preferable over large reactors for data center goyrce: Advanced Nuclear - Pathways to Commercial Liftoff [9]

considering the factory fabrication, small, modular
configuration and multi-unit capacity addition!

Taken from [1].
IDAHO NATIONAL LABORATORY
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Part-I:

- North America Nuclear Context: SMR Projects (cont’d)

36 Projects Developer
B ARC Clean Technology
11 Microreactors O swxt
B GE-Hitachi
O 4 HTGRs 0 Holtec
2 SFRS . Kairos Power
- @ Nuclear Energy eXperimental Testing Research Alliance (NEXTRA)
s 2 MSRs Bl NuScale Power
3 Solid Core 8 oxo

B TerraPower
@ Terrestrial Energy
B 1o Be Determined (TED)

® .
8 .Q) Heat Pipes

o o ® : O UltralSafe Nuclear Corporation (USNC)
. Westinghouse
% s L%
it ® (] X-energy
tates o o 0°
2 e 25 SMRs
o % 12 Light Water Reactor (LWR)
@)

5 High Temperature Gas Reactor (HTGR)

4 Sodium Fast Reactor (SFR)

2 Molten Salt Reactor (MSR)

2 Fluoride Salt-Cooled High-Temperature Reactor (FHR)

18 deployment dates prior to 2030! Taken from [1].

Source: https://public.tableau.com/views/NIAMap-NorthAmerica-June8/Sheet1 [10]
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Part-I:

llll SMRs and Advanced Reactor: Technology Development

— Stages Reactor Technology Development ‘g’ Beavcniy of Basies osaties BMR & sivilveiior ol s sl
[7101] S \ e o ot o
— ple Units: Cost savings for multiple units at same site
= 1 70 Lessacasess -
 Near-Term vs. Long-Term Development g LY N Learning: Cost savings for addiional units builin series
le Lini 1
— Near-Term Technology Development  § il | Sk Seheciuls: Ruchoad intorest g shorer
. . . > NE—— - R uction ti ;
Can be achieved by adopting/buying  © "8 =="ii- T e
T X 134 "EJ.?SBEu'a'J"'{- """ Unit Timing: Cost savings from better fit
existing technology PP N of new capacity to demand growth
* As per IAEA's buying cases (Section 5.1) ¢ it | Flosis Plant Design: Cost savings
. . . = I | of Scale from design simplificalions
— Owner/Operating Organization or ™ |
. - .U |[eeesssssss: e b Attt
Licensee Roadmap B 100 fiscamsimnnies I R R :
1 ] 1 I | T
: . . . 1200 ' 1
Thus, cases for buying, developing, and inventing ’ 330){ 335 = " " 1340 =
: . ] : .
require detailed techno-economic studies! Plant Capacity (MWe)

SMR and microreactor designs which are ready for
demonstration or deployment could be suitable for

: : Economic scaling factor for SMRs and a single large
consideration.

reactor plant [12].
IDAHO NATIONAL LABORATORY




Part-I:

- SMRs and Advanced Reactor: Technology by Coolant

®

GAS: Gasis used to transfer heat from WATER: Highly purified water carries MOLTEN SALT: Melted (or molten) LIQUID METAL: Liquid metal, HEAT PIPES: Heat pipes made

ﬂ‘lj? core. Helium is favored bgcause it heat from the reactor core. salt transfers the heat, which hasa often sodium or lead, transfers the from steel alloys transfer heat
Is inert and does not react with other high boiling point, so the reactors can heat in these reactors. Liquid metals away from the reactor core with no
materials or deteriorate components. VOYGR (77 MWe per module) run at higher temperatures and lower do not slow down neutrons and moving parts.
Micto Modular Reactor — Fuel: Uranium oxide pressures. Fuel can be in the salt orin are typically used for fast neutron o
(3.5-15 MWe) — Company: NuScale Power solid form. reactors. eVindi (5 MWe)

"~ Fuel:TRISO ® ~ Fuel:TRISO ®

— [Umpan}r: Ultra Safe SMR-300 (300 Mwe} Fluoride Salt-Cooled Aurora [15 MWE] 0 - (l}mpal'lb' WEStInghUllSE'

Nuclear Corp. — Fuel: Uranium oxide High-Temperature Reactor — Fuel: Uranium metal alloy ®
— Company: Holtec International (140 MWe) — Company: Oklo

Fast Modular Reactor (44 MWWe) ® ~ Fuel: TRISO (solid fuel) ®

- Company: General Atomics ~ Fuel: Uranium oxide — Fuel: Uranium metal alloy ®
Xe-100 (80 MWe per module) — Company: GE-Hitachi :?;?E'Lgo"e“ Salt Reactor — Company: ARC Clean

— Fuel: TRISO ® . Technolo

_ Company: K-energy APBO{L{S?[:JM%} ’ - ;uel:ll;ramum molten 9

— Fuel: Uranium oxide uoride )
- Natrium (345 MWe) ®

Energy Multiplier Module — Company: Westinghouse — Company: Terrestrial Energy : (I Urari ) lloy ®
(265 MWe) ® — Fuel: Uranium metal alloy

— Fuel: Uranium carbide ® Molten Chloride Fast Reactor — Company: TerraPower

— Company: General Atomics (310 MWe) @
e e — Fuel: Molten salt ® Aalo-1 Microreactor (10 MWe)

¢ Fuel;.TRISU ) — Company: TerraPower — Fuel: Uranium Iimniqm Hydride

e — Company: Aalo Atomics

Taken from [1].
Includes only companies that are engaged in formal licensing or pre-licensing @® HALEU (High-assay low-
activities with the Nuclear Regulatory Commission for power-producing reactors. enriched uranium is 5-20% U-235) IDAHO NATIONAL LABORATORY

® Fast neutron reactor



Part-I:

I SMRs and Advanced Reactor: Planned Reactor and Fuel
Fabrication Facilities

X-energy: XE-100 (up to 12 units)

Richland, WA @ BWXT/DOD: PELE (1 mobile unit)

Idaho Falls, ID
Idaho National Laboratory Centrus: HALEU fuel fab
Idaho Falls, IF USNC: MMR Piketon, OH

Urbana-Champaign, IL

v

® BWXT: Pele & BANR fuel fab

® / Lynchburg, VA
@

®
Oak Ridge X-energy: TRISO-X f_uel fab
Los Alamos National Laboratory @ National Laboratory Qak Ridge, TH
Los Alamos, NM Qak Ridge, TN
/ Kairos Power: Atlas fuel fab
Oak Ridge, TN
Kairos Power: LEFFF TRISO fab facility )
Los Alamos, NM Kairos Power: HERMES 1&2
(3 units)
® Oak Ridge, TN
X-energy: XE-100 Dow plant (4 units) )
Seadrift, TX USNC: Microreactor Assembly Plant
Gadson. AL

Taken from [1].
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Part-I:

- SMRs and Advanced Reactor: Demonstration Status in the U.S.

NATRIUM
PROJECT PELE
DoD &BWXT | MICRO AURORA
N Oklo | MICRO
HERMES 2

TerraPower
& GE | SMR
MCRE Kairos | SMR
Southern Co, &
TerraPower § EXPERIMENT
MARVEL
DOE | MICRO ‘ =

MMR e Ll
USNC & -
UIUC | TEST REACTOR

Z
Xe-100 #* rr
X-energy & Dow | SMR

Ly

NRIC | TEST BED

NRIC | TEST BED

HERMES -
Kairos | TEST REACTOR
s e |

“& NEXT MSRR
Natura Resources & Abilene
tia

IDAHO NATIONAL LABORATORY




Part-l:

- SMRs and Advanced Reactor: Demonstration Projects at INL

Bridge the gap between development and commercialization Risk Reduction
» Learn by doing reduces risks associated with first commercial build
« Builds confidence with regulators, develops supply chain
* INL scope range: Modeling & Simulation,

Irradiation & post irradiation experiment Concept Development

(PIE), Fuel design & fabrication |

11 H : H KP-FHR eVinci
» Digital Engineering and project P et hot o sound irrsose
KAIROS POWER WESTINGHOUSE NUCLEAR

management tools

5872 -

Demonstration

Advanced Sodium-Cooled Fast Modular Reactor
Reactor Facility GEMERAL ATOMICS
ADVAMCED REACTOR COMCEPTS

BWXT Advanced SMR-160
MNuclear Reactor (BANR) Advanced light-water
High-ternperature gas-cooled microreactor small modular reactor
BWX TECHNOLOGIES HOLTEC INTERMATIOMNAL

A n
—
"N
| 1 | |

L |

Natrium Reactor Xe-100 Horizontal Compact
Sodium-cooled fast reactor + molten salt High-temperature gas reactor High-Tempﬂrature Gas Reactor
enargy storage system ¥-ENERGY R e e e
A MASSACHUSETTS INSTITUTE OF TECHNOLOGY Taken from [1 ]. Molten Chioride Fast Reactor
SOUTHERMN COMPANY

18 IDAHO NATIONAL LABORATORY




Part-Il:

- NEXUS-DC: Nuclear Energy eXpedition for US Data Centers

- Rlsmg Energy Demand:
+ Significant U.S. energy demand increase due to data centers, industrialization, and electrification.
- Data centers lead growth, driven by generative Al.
 Potential rise from 4% to 9% of U.S. electricity use by 2030
* Nuclear energy producing 46% of the U.S.’s carbon-free energy
+ Rising demand risking higher household electricity rates and grid reliability
« Tech companies are asked to source their own energy by the community

— Nuclear Energy as a Potential Options
 Various reactor types and capacities—Ilarge to small—offer flexibility in deployment

+ Co-location with existing plants, restarting shutdown plants, and building new reactors are key
strategies for tech companies.

« These reactors can be sited close to data centers, providing tailored power solutions

* Bipartisan support, exemplified by the ADVANCE Act and other legislative measures

« New business models and regulatory frameworks are emerging to support tech-nuclear projects.
 First-of-a-kind projects face logistical challenges but pave the way for future advancements.

IDAHO NATIONAL LABORATORY




Part-Il:

- NEXUS-DC: Energy Supply Options

— Nuclear reactors are ideally positioned for data center use
» Design standardization and modular construction, high capacity factors (93%+)
« Multiple modular units lead to less downtime and enable islanded off-grid use
« Can be located near or next to data centers, minimizing the need for transmission lines
* Nuclear energy density leads to small footprints/land which is x360 for wind and x75 for solar

— Renewed interest in large GWe reactors
- Re-start closed reactors, power uprate, and life extension (total capacity for 60-95 GWe)
-+ Utilizing the existing reactor site and grid connection for new and SMR addition

— Recent initiatives
« Constellation has signed a 20-year power purchase agreement with Microsoft that will see Three
Mile Island unit 1 restarted, five years after it was shut down
« Amazon has announced it has taken a stake in advanced nuclear reactor developer X-energy, with
the goal of deploying up to 5 GW of its SMRs in the USA by 2039
+ Google and Kairos Power Partner to Deploy 500 MW of Clean Electricity Generation

IDAHO NATIONAL LABORATORY




Part-Il:

- NEXUS-DC: Energy Supply Options (Cont’d)

— Nuclear reactors with Power Purchase Agreement (PPA)
A PPA s a contractual agreement between a power producer and a purchaser
— commonly used for clean energy projects like wind, solar, and hydroelectric, and nuclear
— For energy providers, PPAs provide financial stability by ensuring a steady revenue stream
— For purchasers, PPAs offer predictable and lower-cost electricity compared to market rate

Power + Power +
— Natural gas now and nuclear later? 3 s
— Coal plant site transition to nuclear option?
- Could be a short-term solution but need transition
strategy and resource allocation Developer Buyer

- Realistic if reactor deployment time >10 years ‘[ tility |

PPA price

Source: Sharpe Pritchard

- Nuclear baseload with oil/gas/renewable peaking?
* For optimized plant capacity and alternative energy
selection
 Grid integration with base load, microgrid for peaking

Taken from [1].
load?

IDAHO NATIONAL LABORATORY




Part-Il:

- NEXUS-DC: Energy Supply Options (Cont’d)

— One Large Reactor or few SMRs or several/many micro-reactors?
* One Large Reactor (1000MW+):
— Benefits: Economies of scale, potentially lower cost per megawatt, and robust energy output
— Challenges: Long development and regulatory approval timelines, high upfront capital cost
— Options: Restarting shut-down plant, power-uprate, and added capacity to existing plant site

« Fewer Smaller Reactors (300MW each)
— Benefits: Faster deployment, multi-unit demand-based capacity addition and scale-up
— Challenges: Higher cost for FOAK, costs reduce for multiple units are deployed
— Options: Best option, flexible for site selection, no readily available licensed reactor

- Several Micro-Sized Reactors (<50MW each):
— Benefits: suitable for smaller or medium size data center, highly modular and scalable, and
lower initial capital investment per unit, could be base load and peaking load
— Challenges: Higher initial cost per megawatt, need for a greater number of installations for
larger size data center, and potential regulatory challenges with new technologies
— Options: Suitable option with SMRs, high comparative cost against gas and oil, no readily

available licensed reactor.
IDAHO NATIONAL LABORATORY




Part-Il:

- NEXUS-DC: Energy Supply Options (Cont’d)

Grid connectivity, microgrid, and island options?

— Behind the meter option

 Benefits: no transmission cost, no
microgrid needed

« Challenges: impact on plant and
regulation

* Options: support accelerated
deployment if grid connectivity
available, suitable for exiting plant
site, and SMRs

— Direct connection
- Benefits: no grid connectivity required
« Challenges: impact on plant and
regulation, need backup capability
« QOptions: suitable for exiting plant site,
with SMRs with microgrid

Behind-the-Meter
. Connection

" B@ _______ ______ gL

The locations of the behind-the-meter
nnection and revenue meter are

conceptually shown, plant specific

configurations might be different

N
Y

Revenue Meter

Switchyard Grid Connection

Taken from [1].
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Part-Il:

Il NEXUS-DC: Energy Supply Options (Cont’d)

1. SMR / Module 2. SMR / Module 3. SMR / Module 4. SMR / Module
N+1 for > 99.9% reliability

— Accelerated deployment and for 99.99%

et €« L €«
reliability | | : % % &
* modular construction with N+1 reactors | | |
* microgrid and grid connectivity | | |
_ _ o N N N f\
— Economic analysis and optimization N’ N S Electricity to the Grid
Stylized Generator Cost Structure Stylized Generator Cost Structure Stylized Market Model
D
$/Q &\ $Q D $Q D
Py P——A\—— N~ A
Profits : | S
AC) AC = ———— A |
:  AC AC, —lr A¢ P |
I
l C Loss | Los\ Producer Surplus (a) :(b) | ]I
M :
: N " N\ N ?Mcn | i |
Ql\ 0, Q 0, 0, 0 S ————
MR \MR Qﬂ Q Qa+Qb Q

Taken from [1].

Here, P: Price, Q: Cost, D: Demand curve, S: Supply curve, AC:
Average cost, MC: Marginal cost, and MR: Marginal revenue




Part-Il:
I NEXUS-DC: Site Selection

Site selection is the primary steps for reactor deployment and regulatory approval!

EPRI Siting Guide — 3002023910

-

deployment! Planning Select Location E——

— easier understanding
] Need New
about the options, Generation
. Define Mission
requirements and
potential road-blocks!

EPRI Site Selection Guide for Co-locating Data Centers with Nuclear Plants— (release Q4 2024)
guidance could be o :
EPRI Owner-Operator EPRI Owner-Operator
Ieveraged for Re:;::gzzt;;tﬁ:or Technology Specific Requirements
~ accelerated nuclear 3002015751 m’j’ﬁ
power data center 2AE ' /

Requirements

EPRI Technology Assessment Guide 3002025344
Taken from [1].
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Part-Il:
- NEXUS-DC: Site Selection (cont’d)

New data centers prefer sites with access to land and water, as well as grid and optical
fiber connectivity!

Site Selection Guidance

A Breakdown of Energy Consumption by
Different Components of a Data Center

Cooling

Evaluate existing

System v
- @
% infrastructure and assets
B _“Q-". Obtaining land, transmission, and
o water rights and other permits
@ Lighting .
Cost and other economic
Power evaluations
Server & Conversion — - .
Storage <! | @ Obtaining an Early Site Permit
o (optional)

Hardware .
Community outreach

Define the owner-operator’s mission and business

Strnt@;w :
Jh-»e.'] rel lj,

Taken from [1].
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Source: https://www.linkedin.com/pulse/data-center-
power-fueling-digital-revolution-ehylf/ [13]



https://www.linkedin.com/pulse/data-center-power-fueling-digital-revolution-ehylf/
https://www.linkedin.com/pulse/data-center-power-fueling-digital-revolution-ehylf/

Part-Il:

- NEXUS-DC: Site Selection (cont’d)

EPRI reactor site guiding process: “ ™

 ldentify Region of Interest (ROI) e
— Based on business objectives

Candidate
Areas 29
Potential
Sites
(15-20)

« Screen Candidate Areas
— Add exclusionary criteria to assess feasibility

Candidate
- Sites

- ldentify Potential Sites
— Narrow down to discrete sites rather than areas

- Screen Candidate Sites
— Quantitatively assess site characteristics

* Identify Potential Sites and _—

 Alternatives o
— Investigate sites for reasonable confidence

EPRI, 2022: Advanced Nuclear Technology: Site Selection and Evaluation Criteria for New
Nuclear Energy Generation Facilities (Siting Guide):
https://www.epri.com/research/programs/065093/results/3002023910 [14]

Taken from [1].
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https://www.epri.com/research/programs/065093/results/3002023910

Part-Il:

- NEXUS-DC: Relevant Regulations and Guides

 NRC Applicable Regulations
- 10 CFR Part 50, “Domestic Licensing of Production and Utilization Facilities,”
- 10 CFR Part 52, “Licenses, Certification, and Approvals for Nuclear Power Plants,”
- 10 CFR Part 20, “Standards for Protection Against Radiation,”
- 10 CFR Part 51, “Environmental Protection Regulations for Domestic Licensing and Related
Regulatory Functions,”

- 10 CFR Part 100, “Reactor Site Criteria,” which establishes the requirements for proposed nuclear
reactor sites

« Other Regulations and Guides
- 10 CFR Part 51, “Environmental Protection Regulations for Domestic Licensing and Related
Regulatory Functions,”
- 10 CFR Part 100, “Reactor Site Criteria,” which establishes the requirements for proposed nuclear
reactor sites

— National Environmental Policy Act (NEPA)

Taken from [1].
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Part-Il:

- NEXUS-DC: Relevant Regulations and Guides (cont’d)

Differences between Part 52 and Part 50

License before you build
COL (FSAR)

| Build before you license
| CP - OL (PSAR — FSAR)

Issues resolved up-front before construction
investment

Lack of up-front issue resolution puts capital at
risk

DC, SDA and ESP options can minimize COL
application review time and cost

| Potentially fastest path to deployment

Clear choice for Nt of kind
“Push market”

Potentially better for FOAK

“Pull market”

Requires greater design completion prior to
construction

Allows construction with less design completion

Regulatory infrastructure in place & understood

' Regulatory infrastructure needs update

Change control during construction

\ Unfettered changes during construction

ITAAC prior to operation

OL prior to operation

https://www.nrc.gov/about-nrc/generic-schedules.html

Part 53 Goals:

* Risk-Informed

* Performance Based

* Technology Inclusive

» Safety is Assured
without unnecessary
Regulatory Burden

* Efficient and Timely
Licensing Approvals

* Greater Flexibility

Taken from [1].

Courtesy NEI

ADVANCE Act requires the NRC to take actions in the areas of licensing of new reactors and fuels, while
maintaining the NRC's core mission to protect public health and safety.

Source: https://www.epw.senate.gov/public/index.cfm/2024/7/signed-bipartisan-advance-

act-to-boost-nuclear-energy-now-law [15]
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https://www.epw.senate.gov/public/index.cfm/2024/7/signed-bipartisan-advance-act-to-boost-nuclear-energy-now-law
https://www.epw.senate.gov/public/index.cfm/2024/7/signed-bipartisan-advance-act-to-boost-nuclear-energy-now-law

Part-IIl:
- NEXUS-DC: Public Perception and Acceptance

New data centers prefer sites with access to land and water, as well as grid and
optical fiber connectivity!

« Communities are often looking for jobs, data centers don’t bring many, but nuclear plants do
* The development of a nuclear plant can significantly affect the local community

« Having an engaged and supportive community is an asset to new nuclear development

» Local stakeholders will have varied opinions on the subject

« Consider federal, state, local programs, and supporting disadvantaged communities

« Community outreach is mandatory in some countries (e.g., Canada)

» The following EPRI reports contain more information on outreach and public acceptance

IDAHO NATIONAL LABORATORY



Part-1Il:

- NEXUS-DC: Public Perception and Acceptance (cont’d)

State Nuclear Energy Feasibility Studies Coal to Nuclear Options/Potentials
B Sngmlngt Total Coal Sites Amenable to AR or LLWR
i (300, 278 GW)
- 1 Total
> '\
) L 1

b o

Powered by Bing
© GeoMames, Microsoft, TomTom

Powered by Bing
@ GeoMames, Microsoft, TomTom

Source: https://fuelcycleoptions.inl.gov/SiteAssets/SitePages/Home/C2N2022Report.pdf [16]
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https://fuelcycleoptions.inl.gov/SiteAssets/SitePages/Home/C2N2022Report.pdf

Part-1Il:

- NEXUS-DC: Public Perception and Acceptance (cont’d)

* Nuclear has a multiplier of ~1.5

— For every $100 of electricity produced, $50 of economic activity

occurs in suppliers and support industries!
* Nuclear can bring lasting jobs to a plant for 40-80 years

— There are both direct jobs created as well as indirect and
induced jobs

— Many other renewable technologies only bring construction jobs

ESTIMATED EMPLOYMENT BY GENERATION

300 — Coal Plant W Nuclear Plant Net Gain
105
250 |
Net Gain

85
200 —
Net Gain
150 60
Net Gain

Net Gain 45

Total Plant Employment

S

Income in Million

120

-
NoOBRE O O
o o O o o o

Contribution to local economy and

job markets!

Income for Community

Net Gain
8.6M

100 MWe

Population <20,000

Coal m Nuclear

Net Gain
29.3M

Net Gain
16.4M

500 MWe 900 Mwe
Plant Capacity

Source: DOE April 2024: COAL-TO-NUCLEAR TRANSITIONS:
AN INFORMATION GUIDE
https://www.energy.gov/sites/default/files/2024-05/Coal-to-

Nuclear%20Transitions%20An%20Information%20Guide.pdf [17]

100 |- 40
| i H
o
100 Mwe 300 MWe 500 MWe 700 MWe 900 MWe

Plant Capacity
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https://www.energy.gov/sites/default/files/2024-05/Coal-to-Nuclear%20Transitions%20An%20Information%20Guide.pdf
https://www.energy.gov/sites/default/files/2024-05/Coal-to-Nuclear%20Transitions%20An%20Information%20Guide.pdf

Part-1Il:

Jlll NEXUS-DC: Reactor Deployment Consideration

- Market/Economics:
(3) market ¢
Investment 1

business cases for First-of-a-Kind (FOAK) and Nth-of-a-
-'{' - valley of death

P -
hocessssoseenscssarsinines )

" Kind (NOAK), and co-generation (e.g., hydrogen)
-/ VME“'-‘ T R [+ +.X

ajiéy of death +  Spent fuel management cost and associated challenges
"J_A—\

— Supply chain: fuel and nuclear grade structural materials

U feasibility

[ ]
""" valley of death”

Example: reactor vessel, graphite, helium, salts, pumps,
instrumentation and control (1&C)

Loss of supply chain from 1980s-1990s nuclear construction
hiatus, needed more efforts to rebuild
- * Vendor partnerships to avoid delays and increased costs
— Fuel: availability (e.g., HALEU), fuel qualification including
fabrication, irradiation, post-irradiation experiment (PIE)

tme  — Licensing: NRC, international or DOE authorization
Bridging the Valley of Death: Transitioning ~ Siting: Permits, transmission lines, transportation

from Public to Private Sector Financing

- Workforce: qualified personals, reactor operators, welders,
engineers, support staff, etc.

Concept

Source: https://www.nrel.gov/docs/gen/fy03/34036.pdf [18]

Taken from [1].
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https://www.nrel.gov/docs/gen/fy03/34036.pdf

Part-1Il:

- NEXUS-DC: Economic of Scale

— Economic of scale penalty—ratio of FOAK 1.10; . ==
capital cost ($/kW)—could overcome - o U"ft Capacfty - i
: . " : : 1.051 & —— Unit Capacity is 300 MW,
 with multiple unit installation over time \ _ _
 with accumulated experience
— Economic gain with cogeneration
» Multipurpose heat and electric applications
* Hydrogen production for optimizing capacity
— Constellation: Nine-Mile Point Plant, H2
production began March 2023
- Energy Harbor: Davis-Besse Plant and | |
Xcel Energy: Prairie Island Plant begin 2000 4,000 6,000 8,000 10,000
H2 production in 2024. Demand (MW,)
* Accelerated deployment could consider  Thg gconomies-of-scale penalty crossover point for the
reactor installation first and other energy |evelized capital cost of SMR (i.e., 300MWe) vs. large
optimization unit integration later! reactor (i.e., 1000 MWe).

IDAHO NATIONAL LABORATORY

o
O
o

Levelized Capital Cost
o o
0% o)
w wun

o
0o
o

Source: https://www.mdpi.com/1996-1073/17/20/5073 [19]



https://www.mdpi.com/1996-1073/17/20/5073

Part-1Il:

I NEXUS-DC: Reactor system cost estimation
~ EquationsandVariables  Remarks

Estimation of various cost elements
Overnight capital
cost (OCC): Cost(Pq) Cost(Py) (P n-1 r\"
cost of a plant if it P =y (p_(1,> and Cost(P) = Cost(Po) (?:,)
were built right away,

with current prices

OCC for SMRs from large reactors:

where, P, and P; are the large reactor and SMR rated power in MWe,
respectively. n represents the scaling factor, which is reported to range from

0.4 — 0.7 dependent on the specific SMR project (NEA and OECD 2011) [20].

Co-siting factor 1+(n-1)(1-Fnp)

Co - siting Factor = -
Typical values for the proportion of direct cost, F;yp and proportion of

indivisible costs, Fp;z of 0.34 and 0.66 , respectively (Carelli et al. 2010) [20].

Learning factors Ceq+Clab+Cmat

c
f n
Where, C,q, Ciap, @and Cpq; refer to the equipment, labor, and material costs

Learning Factor = Z£=1

Cost estimation from
FOAK to NOAK

General learning rate form, in which Y,

Y = AX"? and b = —log(1 — R)/log(2)
where, X is cost to produce the cumulative rated power, A is the FOAK cost
and b is the learning rate exponent, and R is the learning rate.

Source: https://inldigitallibrary.inl.gov/sites/sti/sti/6293982.pdf [20]

OCC provide options for comparative
cost estimation among various
reactor technologies.

It should be noted that as n (units)
increases, the Multiple Units Factor
approaches Fp;p = 1 — Fyyp, and the
indivisible costs.

Other learning rates are equipment
and labor learning rates.

A learning of 3—4.5%

occurs for each doubling of rated
power up until 8 GWe (Generation 1V
EMWG 2006; Rothwell 2007) [20].
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https://inldigitallibrary.inl.gov/sites/sti/sti/6293982.pdf

Part-1Il:

- NEXUS-DC: Cost Reduction from FOAK to NOAK

O Overnight Capital Cost (OCC) @ Net OCC (after ITC)
— Comparative Construction Costs

$18,000
* NOAK overnight capital cost (OCC) $16.000
<$4,000/kWe (from DOE Liftoff Report goal) is '
achievable, $14,000 Average OCC = $5,000/kWe
— but making the average costs low is $12,000
challenging, mainly due to large FOAK costs % <10 000 Average net OCC = $4,600/kwe

« Significant reduction in costs in the first 3-4

Overnight Capital Cost in 2022 S/kWe

) $8,000
plants are achieved
— when cost and schedule overruns are 56,000
assumed to be mitigated (>50% reduction $4,000
from plant 1 to 3). $2,000
* Optimistic scenario with including tax credit (ITC) .

for first 4 plants projects average OCC
<%$4,000/kWe, which is very competitive.

» Cost Reduction Tool: Quantifies “learning” and
the capital cost evolution from plant #1 to plant
#N when a large orderbook of N plants is placed.

Source: https://inldigitallibrary.inl.gov/sites/sti/sti/Sort 66425.pdf [21]

1 2 3 4 5 6 7 8 9 10 11 12 13
Plant number

Overnight capital cost (OCC) comparison for FOAK
to NOAK reactor installation
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https://inldigitallibrary.inl.gov/sites/sti/sti/Sort_66425.pdf

Part-1Il:

- NEXUS-DC: Reactor system cost estimation

. Multi Study OCC Range Comparison
— Several cost elements are considered [22] $10,000

- Overnight capital cost (OCC), indirect cost (IC) 58,000 |:| N -_D: :H _____ 5 D- E

and direct capital costs, levelized cost of energy
(LCOE) to estimate reactor cost [23].

Overnight Capital Cost
2022 5/kWe
L 4L
s o
g 8
(=] L]

- First-of-a-kind (FOAK) and Nth-of-a-kind (NOAK) o US-based OCC estimates [22]
estimates, and “between a first and Nth of a EA R R
kind,” or BOAK are supportive. obf ¢ ﬁ’q o & = q@\b@ «

« OCC ranges mostly $5000/kWe to $9,000/kWe wo\s‘f ¢ e &

* Cost comparison of SMRs and Iarge reactors are Large Reactors Small Modular Reactors o——=——

similar with highest variation (approx. 5%) for 571%  6.76% 4.14% 4.90% Fonstruction Costs

capitalized indirect service cost N . "o Camaed
« Comparing to other energy sources, nuclear e
. ) ) = 30: Capitalize
reactor cost estimation includes ndirect services
63.07% o2.29%

— Fuel fabrication, loading, and reloading cost
— Used fuel, waste management, and plant
decommissioning cost.

m 50: Capitalized
Supplementary
Costs

SMRs and large reactors cost comparison [22]

IDAHO NATIONAL LABORATORY

Source: https://inldigitallibrary.inl.gov/sites/sti/sti/Sort_107010.pdf [22]



https://inldigitallibrary.inl.gov/sites/sti/sti/Sort_107010.pdf

Part-1Il:

Il Data Center: Cooling and Thermal Management

® IT equipment ]
(Power distribution) PRASNSURRY

Power Usage Effectiveness (PUE) is
defined to assess the energy efficiency of

data center over the year. unit (PDU) )
p ) . Computation |
PUE = -2¢ UPS-powered O load
Py 5= | cooling unit fans | v
Where P, is the power of the data center, oS — - "
- - : -powere
P;r is the input power of the IT equipment —>& aritical pumps | —>& Fans, etc. |
P . 4P +Ppi Nt TP
PUE — cooling " POWer "“lighting " '* > Chillers
Prr
—»{__ Cooling towers Measurement points:
Energy Reuse Effectiveness, @ Total energy for data centre
—> Pumps Energy for IT equipment
. o (© Computation only load
Pcoolmg + Ppower + P||ght|ng + Pir — Preuse H CRAGs

ERE =

P
" Power flow in a typical DC and the places to measure the

energy consumption

Source: https://www.sciencedirect.com/science/article/pii/S0306261917310541 [24]
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https://www.sciencedirect.com/science/article/pii/S0306261917310541

Part-1Il:

Il Data Center: Cooling and Thermal Management (cont’d)

Green Energy Coefficient (GEC):

ITEU =
Green energy [kWh] used in DC site 1.0 ITEU = 0.52

EC =
GEC Total energy consumption of datacenter [kWh]

IT Equipment Utilization (ITEU):

ITEE ITEE = 2.27

Total energy consumption of IT equipment (actual) [kKWh]

[TEU = Total rated energy consumption of IT equipment (rated) [kWh]

IT Equipment Enerqy Efficiency (ITEE):

0.0
PUE
Total rated capacity of IT equipment [Work] PUE =1.63

[TEE = Total rated power of IT equipment [W]

Spider web chart of Holistic Framework
for Datacenter C [25]

Energy Efficiency = ITEU x ITEE x (1/PUE) x (1/ (1 - GEC))

Measurement points of IT equipment are important!!

Source: https://home.jeita.or.jp/greenit-pc/topics/release/pdf/dppe e 20120824.pdf [25]
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https://home.jeita.or.jp/greenit-pc/topics/release/pdf/dppe_e_20120824.pdf

Precision Air
Conditioning Unit

Precision Air
Conditioning Unit

Part-lll:
- Data Center: Cooling Options

Chilled
R — hot water Data center
' buildin
| I'.— 8
1
| & s
| ,' Chiller Hot water
f | |Rack
1 . [CRAH
| C * [HOT AISLE] [COLD AISLE] [HOT AISLE]
| Cold water ) IWED FL’D@R]
Cooling tower
8 Pump Perforated Tiles Perforated Tiles Perforated Tiles
Water cooling with economizer Active cooling with air conditioning
- Mechanical e Mechanical
_‘ room Data center room Data center
l False False
Hot exhaust air ceiling Hot exhaust air ceiling
Outside Heat Outside
exchanger J L environment J L
Hot CZD Cold Cold g:> Hot Cm Cold
aisle Cold aisle JaiSIe‘L aisle
Cold air Rack Rack
outside air _| | | U, |
! ‘ﬂ' ' Raised
' . floor

2 9
_:(Zﬂ ﬂ

environment
Cold
aisle aisle
Cold Rack J L Rack <:D
outside air _| { I N B
'Y Raised
T : {T Rfloor T
Air-to-air heat exchanger for cooling data centers Indirect free cooling unit with a heat pipe
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Source: https://doi.org/10.1016/j.suscom.2018.05.002 [26]



https://doi.org/10.1016/j.suscom.2018.05.002

Part-1Il:

- Data Center: Waste Heat Utilization

Condenser

Chemical ! /Solution Heat Exchanger /
Processor |

Evaporator

Absorption refrigeration system
driven by data center waste heat

16.55 MPa

High Pressure Feed-Water

Pum
P ~| High Pressure

High Pressure Feed-Water
Heater

~——| Turbine

60-100°C
DATA —
CENTER

Low Pressure Feed-Water
Pump

DATA CENTER

WASTE HEAT

Source: https://doi.org/10.1016/j.rser.2013.12.007 [27]

Low Pressure Feed-Water
Heater

Low Pressure

g Turbine

Condenser

Waste heat utilized in a coal power plant

Rankine cycle
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https://doi.org/10.1016/j.rser.2013.12.007

Part-1Il:

- Data Center: Digital Engineering, Al, and Cyber

Data for Al Training

— Artificial Intelligence (Al) R&D:
* Accelerating Deployment & Licensing
» Testing, Operations & Maintenance
 Integrated Energy Grid & Security
» Disaster & Risk Resilience
* Applied Energy projects:
— INL Lead multi lab: Alexandria
— Nuclear Research Data System

Development of methods,
platforms, protocols, and other
tools required for efficient, safe,
and effective aggregation,
generation, curation, and
distribution of Al training
datasets.

Next-generation Al
Platforms &
Computing
Development and construction of
next-generation computing

platforms and digital
infrastructure.

Small Modular Reactor Community
Load-Smart, Protocol-Secure

— High Performance Computers
« Tools: MOOSE, RAVEN, DeepLynx,
SEARCH
— Cyber security
— Secure from cyber attacks reactor system
interconnects
— Mitigate potential data center outages

optimization technigues.

energy conversion.

Power Load Dynamics: Deep dive into data center load
management, rapid fluctuation handling, and energy

Direct Energy Feed Operations: Knowledge of data center
power interconnects, microgrid management, and seamless

Power Engineering Security Protocols: Understanding security
measures for power engineering systems, covering protocols
like IEC 61850, DNP3, and IEC 62351 for secure communication.

Resilient Design Principles: Integrating security-by-design
concepts into SMR operations that align with data center

@irements for reliability and security.

\

/

IL/CON-24-81706

and longer-term reactor maintenance
issues, creating a significant operational
disruption.

Safe & Trustworthy
Al Models &
Systems

Training, testing, deep
understanding and validation of
frontier foundation models,
enhanced Al model security, privacy
enhancing technologies, and other
Al tools and systems.

Data Center Community
Threat-Ready, Safety-Centric

Al Applications

Use Al foundation models and other
Al technologies to develop a
multitude of tuned and adapted
downstream models to solve
pressing scientific and national
security challenges.

Frontiers in Artificial Intelligence for Science, Security and Technology (FASST)

c.sign Basis Threat (DBT): Understanding the threat model for \

nuclear facilities, addressing physical and cyber threats.

detection.

Response Force Coordination: Insights into security response
teams, emergency procedures, and tactical collaboration.

Physical Protection Systems (PPS): Familiarization with defensive
layers, access controls, intrusion detection, and response measures.

Cybersecurity Integration: How IT and OT systems are protected
within nuclear facilities, covering protocol hardening and anomaly

Nuclear Safety Culture: Principles of nuclear safety, including

jSation protection, emergency procedures, and incident reporting/

Taken from [1].
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Part-1Il:

- Case Study: Sustainable Data Center NREL

— Critical topics

« Compute, Space, Power, Cooling
+ Office/lab space heating with waste heat
— water usage, liquid cooling and energy
efficiency, carbon footprint
— time of day utility pricing, load shifting
and demand response
— cooling arrangements, space
requirement, DC safe temperature limit
— cost (i.e., OpEx ~ IT CapEx)
» Colling type: liquid vs. air
— liquids are ~1000x more efficient than a
— liquids require ~10x less energy
— warm water cooling preferred to avoid
expensive chillers and condensation
concerns, and better waste heat re-use.

weateseomices, @areen Data Center

Labs, ventilation

(save $200K / year) Bottom Line

Cost less to build
-y o
IT Load
Recovery

Cost less to operate
Evap.

Water

Towers

Comparison of ESIF
PUE 1.06 vs efficient
1.3 data center.

CapEx Savings OpEx (10MW IT Load) Utilities
No Chillers No Chillers PUE of 1.3 $13M $10.6M
Initial Build: 600 tons $.9M PUE of 1.06 $2.4M
10 Yr. growth: 2400 tons $3.6M Annual Savings $24M
10-year Savings: $4.5M 10-year Savings (excludes heat
($1.5¥(/ton) g (STMY/ MW year) 9 recovery benefit)

NREL Data Center thermal management

Source:
https://betterbuildingssolutioncenter.energy.qov/sites/default/files/S
ustainable Data_Centers.pdf [28]
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https://betterbuildingssolutioncenter.energy.gov/sites/default/files/Sustainable_Data_Centers.pdf
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/Sustainable_Data_Centers.pdf

Part-1l:

Jlll Case Study: Sustainable Data Center NREL (cont’d)

ESIF HIGH PERFORMANCE COMPUTING DATA CENTER OUTDOOR | Air Temperature - 67 . 8 °F

As of Tue Nov 1 14:28:17 MDT 2016 Provided values in °F and GPM Relative Humidity 37 .8 %

Lights & Plugs Coaling Pumps: HYAC IT Equipment fe-use IT Equipment

2.44 + 6.27+ 8.72+ 12.88+ 956.83 ) [/ 956.83 Counterflow Cooling Towers
Thermosyphon 8.5 8.7 FanPover
- = = = = =
SESTE sl 4th Floor Mechanical :
8.947 —( 2.44 + 6.27+ 8,72+ 12.00+ 956.83- 79.70 ) / 956.83 SLTIIE NG
Walues in kKW :
EB“"‘IQ Ar Hot fir Plenem
__J HPC Data Center 9% .6 —\
Liquid Cooling i Air Cooling —
Node  CDU(Cooling | GOM In  Ou n =
Racks Distribution Unit)| '? 66.2 98.2 " ]
| 4 66.5 188.7 Other Liguid -
56 7.3 188.% Syslams : : B - g W
78 TR 999 i Cold Out gy S—
7y | 20 736 o0e.3 o0 B e
|7 2 T A 4 i M J
o : ) chia In [ 1§ out
v t Mode Racks = - - RO Florwr L ki
. 9.8 - Flew 274 T 371.5 Flow 2889 4
2nd Floor Mechanical |
J out 86N 5.8 = o a2
. é = Fan Wall Heat Transfer (kW] Hest R
~h il B85 .5 679.1 200 .5
R — -'"‘-?\ ] _’2‘1‘ h
ESIF Heating | W]l , L Y J
.7 | "'," "-,..n. - A e
\ \Y,  Energy Recavery Water [ERW) Loop \\
Energy Recovery Water HEX "N . r > W
out BESTE — \ Fan Walls South North South Narth Where |z Data Center Waste Energy Gang? ater
= T ER'W Pumps (kW
A 4?‘1' : Input Water 66,2 65.8 Ar inTemp.  B6.7 8.9 ESIF Bullding Heat 79,7 kW -_} i
Fow B82.4 9. ? Fowl | n g Oulput Water 77,8 76.2 Air Dut Temp. 72,4 0.4 Outdocrs vis Thenmosyphon 2695 ki ol
e — — Coil Flow 5.4 54.6 FanPower (kW) 3.7 38 Ouidoars via Cocling Towers  673.1 kW
o p Coil Pump Haat Energy — 3 Refrigerant
T, e B I R

Source:

https://betterbuildingssolutioncenter.energy.gov/sites/default/files/Sustainable D
ata_Centers.pdf [28]
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https://betterbuildingssolutioncenter.energy.gov/sites/default/files/Sustainable_Data_Centers.pdf
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/Sustainable_Data_Centers.pdf

Part-1Il:

Il Case Study: Data Center LANL

—

— Additional Resources [28]: Erergy Usage Vethod
« Center of Expertise for Energy Efficiency Captur
(datacenters.lbl.gov)
— Energy Assessment Process Manual Trinity: 9.00 P W Tt e 1D
— Master List of Energy Efficiency
Actions IT Load = 11.9 —=
— Data Center Profiling (DC Pro) Tools -
- Data Center Energy Practitioner S 198 ey
(DCEP Training) Crer 220
— Center of Expertise Training
Opportunities | Network & Storage: 0.70 Chilled Wi Towers: 7.56
- Building Your Business Case Fact Sheet “Wchitersiozg e T
 Better Buildings Solution Center oM Toad = 276 Do rae 150
 FEMP Data Center Program =
+ 1SO 50001 Ready Navigator W Lights & Plugs: 0.50
+ Energy Efficiency HPC Working Group 2=~ IT '—GE?T“’LE;'Q"T Load ' pice Huac: 1.00 PUE = % =123
Source:

https://betterbuildingssolutioncenter.energy.qov/sites/default/files/slides/Everyone%
20has%20a%20Data%20Center%20-%20Slide%20Deck.pdf [29] IDAHO NATIONAL LABORATORY
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- Case Study: Energy Efficiency Data Center Business

Drivers Stakeholders Barriers

— Energy Savings Potential:
» Potential for energy and
monetary savings
* Distinct drivers, stakeholders,
and barriers
— ldentifying Drivers:
* Factors: cost reduction,
sustainability _
- Engaging Stakeholders: N Procurement &
: : : average utili Contracting Personnel
« Strategies to win with clear -
benefits and ROI
— Overcoming Barriers:
« Addressing challenges with
solutions and best practices.

nature of a data center
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Source: https://datacenters.lbl.gov/sites/default/files/2022-
06/Building%20the%20business%20case%20for%20enerqy%20efficiency%20in%20data%20c

enters.pdf [30]
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Case Study: Energy Efficiency Data Center Business

(cont’d)

Drivers to Energy Efficiency:

— Reduce Operating Costs

— Free Up Data Center Capacity:
* Increases available space, power, and
cooling capacity
— Comply with Codes and Standards:
- for new and existing data centers

- Upgrade Aging Infrastructure:

* Replace near-end-of-life equipment with
newer, more energy-efficient options

— Leverage Utility and Other Incentives:

« for efficient infrastructure improvements.

Barriers to Enerqy Efficiency:

- Misaligned Interests:

« Align stakeholder interests with energy

efficiency goals

- No Dedicated Energy Efficiency Role:

Projects may fall through if no one is tasked for
energy efficiency improvements

Balancing energy efficiency with other
responsibilities can be challenging

— Lack of Awareness:

Stakeholders may not be fully aware of energy
reduction opportunities

Resource constraints can limit the ability to
identify and implement cost-saving measures.
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Part-1Il:

- Summary

Provided a general overview of Nuclear-Powered Data Center options and discussed about site selection,
regulatory requirements, community engagement and technoeconomic considerations.

Some of the critical factors are:

— Significant U.S. energy demand increase due to data center power requirements
» High demand for reliable, scalable emery supply from nuclear reactors
* Importance of N+1/N+2 redundancy configurations, ensures 99.99% uptime

— Strategic Site Selection: water resources, grid access, land availability, optical fiber connectivity

- Community Engagement: gaining public and government support, and engagement

- Regulatory Streamlining: overcoming lengthy and costly approval processes for expedite deployment

— Anticipate future cooling system transitions: Air — Chilled Water — Warm Water — phase-
changing-materials ?7??

— Call to Action
« Addressing challenges, leveraging opportunities, and advancing deployment

« Enhancing energy reliability, sustainability, and national security.
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