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ENERGY AND POWER EVALUATION PROGRAM (ENPEP)
DOCUMENTATION AND USER'S MANUAL

Abstract

Argonne National Laboratory has developed a microcomputer-based energy
planning package entitled Energy and Power Evaluation Program (ENPEP). It consists of
an executive module, seven technical modules, and four commercial software packages
that conveniently integrate the many tasks associated with performing energy studies.
The modules and their functions are as follows:

Volume 1

e EXECUTIVE integrates the technical modules and coordinates the
storage and retrieval of information used in those modules.

e MACRO allows the user to specify macroeconomic growth (global or
sectoral) that will drive energy demand.

e DEMAND projects energy demand based upon the macroeconomic
growth information supplied in MACRO.

e PLANTDATA provides a library of technical data on electrie
generating plants that is used by BALANCE and ELECTRIC.

e BALANCE computes marketplace energ'y supply and demand
balances over the study period.

Volume 2

e LOAD computes and projects detailed electric load information for
use in ELECTRIC.

e ELECTRIC, the microcomputer (PC) version of WASP-III, calculates
a minimum cost electric supply system to meet eleetric demand and
reliability goals.

e [MPACTS calculates environmental impacts and resource
requirements associated with energy supply system options.
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Overview of ENPEP

The Energy and Power Evaluation Program (ENPEP), a microcomputer-based
energy planning program, was specifically created to provide a state-of-the-art energy
ana.lyms capablllty to developing countries. The models on which the ENPEP modules are
based were ‘dimensioned to accommodate small- and moderate-sized economies, as well

~,.8s- -the “more complex economies of larger industrialized countries. Since ENPEP is
~ exXpected to get widespread distribution and use, it was developed for use on an IBM or
' IBM-compatible mierocomputer. IBM was chosen because it is the most widely used and

supported PC on a worldwide basis, particularly in developing countries.

ENPEP consists of an executive module, seven technical modules, and four

‘commereial software packages that conveniently integrate the many tasks associated
. With performing energy planning studies. Although the components of ENPEP are fully

integrated,'you can also use any of the technical modules or commercial software

packages - independently. The four commercial packages used by ENPEP ares'
(1) Framework II* (spreadsheets), (2) dBASE IIl+* (data management), (3) GrafTalk
(g;gghicg)‘, and (4) an ASCII file editor.

ENPEP has a library classification system that automatically catalogues input
data and calculated information. A planning study is the highest level of organization in
the library classification. All analyses performed by ENPEP modules (one or more) must
be assigned to a planning study. Within a single module, you can process data several

_ times (each-of -these analyses is called a case). You can copy information entered from a

previous case %o a new case and change it as necessary. Input and output from each of

_these cases, as well as relevant status information, can be stored for future use. In the
'ELECTRIC Module, several of the models require iterative analysis to arrive at the

solution. Each of these iterative analyses is called a run. The ENPEP glossary at the end

_of this introduction provides a more complete description of these cataloguing terms
’ J(ﬁlanning study, case, run). Much of the information presented in this Introduction is

i based on Ref. 1.

| e
|

EXECUTIVE ‘Module

The EXECUTIVE Module integrates the technical modules. It guides you through
each of the major components and modules and coordinates the storage and retrieval of
information used by the technical modules. The EXECUTIVE Module appears as a set of
menus and forms that guide you to various parts of the ENPEP system. EXECUTIVE uses

*Framework is a trademark of Ashton-Tate, Culver City, Calif.

deASE and dBASE III are trademarks of Ashton-Tate, Culver City, Calif.

§Gl‘ai’Talk is a trademark of Redding Group, Inc., Ridgefield, Conn.
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a forms package that has been standardized for use by the other modules. An invisible
part of EXECUTIVE is the Data Dictionary that is used as a common repository of
information that is shared between two or more ENPEP modules. The EXECUTIVE
Module automatically coordinates this data sharing. k550

e

The process of executing the various modules and programs within ENPEP,is.
automated through the use of a form and menu hierarchy. This tree structure allows you
to select the path and order for program execution. Figure 1 outlines the, ENPEP:
hierarchy. The hierarchy for each module is shown in the chapter describing .that-
module. W e £ oales g

o o3l U Tor

MACRO Module X

The objective of the MACRO Module is to format macroeébnomic »g-xlgbwth
projections for use in developing energy demand projections. MACRO is not an gconomic
planning model or a forecasting model, but is an analytical methodology based on the

r LE.&
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assumption that energy growth (or decline) is driven by macroeconomic variables.
Macroeconomic variable forecasts are developed outside of ENPEP and are input to the
MACRO Module. MACRO uses the Framework II program to allow you to enter these
data in’ formatted spreadsheets. Four types of macroeconomic data can be input to
“MACRO: (1) economic data, such as the gross national product, (2) population
characteristics, such as growth rates, (3) special parameters, such as sectoral growth,
ahdv (4) computed parameters, which are computed combinations of the first three
‘types. MACRO also allows you to select the national currency to be used and whether it
.‘is constant or current currency.

2

DEMAND Module

The purpose of the DEMAND Module is to compute projections of useful energy
or fuel demand based on the macroeconomic growth rates generated by the MACRO
Module and to generate a set of energy demand growth rates for use by the BALANCE

" Module. ' Computations are performed automatically by using spreadsheets, data-base

" programs, and several Basic programs. You must define the energy demand sectors and

'“the base-year energy consumption by fuel type for those sectors. These base-year fuel
consumption data must be calculated outside of ENPEP and entered in DEMAND's
“preformatted spreadsheets. Fuel consumption data are specified in physical units, and
then you enter conversion units to convert these physical units (barrels) into tons of oil
equivalent (TOE) or barrels of oil equivalent (BOE). All calculations from that point will
e either TOE or BOE.

DEMAND i§ formatted to allow a maximum of 38 different fuels that can be
"dis’trlbuted over ‘48 consumption subsectors that are further divided into 9 major
consumption activities. There are 8 default sectors (industry, commercial and
institutional, agriculture, mining and quarrying, transportation, households, rural
eommunities, and energy export) and one sector that you can define. However, any of

; the sectors or subsectors can be changed to reflect the circumstances in your country.

You ‘have the option of dividing these sectors into as many as 72 useful energy

‘-'demahd (UED) categories (such as motive power, steam, and so on). Conversion process

’efﬁcleucles (fuel-to-UED) must be supplied, as well as the fractions (splits) of fuels that

. "gre “allocated to specific UED categories. Default efficiencies are available in the
spreadsheets.

T4 ) Onee you have completed the energy disaggregation and calculated the base-year
energy consumption, you must specify an equation that will be used to generate the
growth rates for each energy consuming activity (such as industrial steam). The energy
growth rate in any year is computed by using a linear combination of growth rates from
one or two macroeconomic variable growth rates in the same year. Once these equations
are specified, DEMAND will calculate energy demand for each consuming activity for
every year.in the study period.
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PLANTDATA Module

The PLANTDATA Module serves as a library of basic information about thermal
and hydroelectric generating facilities for both the BALANCE and ELECTRIC Modules.
Since these two modules share common information, PLANTDATA was created to reduce
redundancy and provide a convenient way to enter the large quantity of data required.
Once you enter electric power plant information in PLANTDATA, this information, can
be made available to the other modules through simple commands in those modules. . You
use a unique four-character designation to identify a particular plant (a plant may consist
of a large number of identical units). Then you can use these designations to select
facilities for use in the BALANCE and ELECTRIC Modules. Yt /X

BALANCE Module

The purpose of the BALANCE Module is to project an energy supply and demand
balance for any study period up to 30 years. BALANCE is based on the approach of
generalized equilibrium modeling,“ which is applicable to modeling the energy systems of
countries having different energy-sector characteristics. The basic assumptions in the
equilibrium approach are that the energy sector consists of autonomous energy producers
and consumers that carry out production and consumption activities while pursumg
individual objectives.

An equilibrium model consists of a system of simultaneous nonlinear relationships
that specify the transformation of energy quantities and energy prices through the
various stages of energy production, processing, and use. Solving an eqmlxb'zlum model
consists of finding a set of prices and quantities that satisfy all equatlon: and
inequalities.

The BALANCE Module is based on an energy network, consisting of nodes and
links, that model the energy supply and demand sectors.* The nodes of the network
represent processes, such as petroleum refining, and the links represent energy flows
between pairs of nodes. The first step in the use of BALANCE is to draw a picture of the
energy supply and demand sectors using node symbols (see Chapter 5). Thep-you use the
menus and forms in BALANCE to encode the picture of the energy secter that you
developed. ‘

To describe the energy sector to BALANCE, you must prov1de the followmg
information: Ne v

e Base-year supply and demand balance,
e Reserves, capacities, and costs of production,

« Energy processing efficiencies, capacities, and capital and operating *
costs,
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* Electric sector data, such as load duration curves,

¢ Demand projections for the study period (which can be developed by
the DEMAND module), and

* Import fuel price projections.

BALANCE uses this description of the energy sector and the demand projections
to balance energy supply and demand using the equilibrium approach. BALANCE
computes annual energy flows and energy prices for all energy activities (each link of the
energy network). BALANCE is not an optimization model, but instead simulates and
describes energy market choices that are made by producers and consumers.

LOAD Module

The LOAD Module allows you to transform data and perform calculations
necessary to prepare input data on electricity generation requirements for the
ELECTRIC Module. LOAD does not "forecast" future electrical demands. Instead, it
uses data from BALANCE, data you enter, or a combination to calculate and specify the
character of the electric demand, that is, annual electricity generation requirements,
annual peak loads, period generation requirements (up to 12 periods per year), period
peak loads, period load duration curves, and annual load duration curves.

LOAD was designed with a variety of users in mind. The major objective was to
provide a convenient way to prepare load data for ELECTRIC and to assist you when you
do not have a method for projecting the shapes of future load duration curves, but you do
have a basis for expecting period load factors to change over the years. On the other
hand, LOAD can use information that you have if you are able to project these curves
outside ENPEP. Therefore, options are provided to estimate load duration curves having
specified load factors when you have: (1) no data other than period load factors,
(2) historical load duration curves, or (3) specific load duration curve projections.

In an ELECTRIC study that does not use LOAD, it would be unusual to change

information such as load factors or ratios of period peaks to annual peaks more often
than every 5 to 10 years. The LOAD Module provides an automated procedure for
adjusting these data year by year so that large discontinuities do not appear in the load
data. For example, interpolation routines are built into some of the spreadsheets so that
you can generate load duration curves that have variations from year to year by
specifying only the beginning- and end-year values.
“'" " LOAD can also compute annual load duration curves by aggregating the period
load duration curves and the period peak load fractions. These annual load duration
curves can be useful for graphies for reports or for general interest, but are not used by
the ELECTRIC Module except when each year consists of only one period.
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ELECTRIC Module

The ELECTRIC Module calculates an electrical generating system expansion plan
that meets demand at the minimum cost, subject to system requirements (e.g.,
reliability). It is a microcomputer version of the Wien Automatic System Planning
Package (WASP-III), the well-known mainframe system planning model distributed by the
International Atomic Energy Agency (IAEA).3

WASP-III handles most of the critical issues of generation planning well. These
issues include: ;

Generating unit size,

System reliability representation,

Existing system representation,

Varying types of hydroelectric plants,

Seasonal variations of loads and hydroelectric energy,
Annual variations in hydroelectric energy,

Domestic vs. foreign expenditures, and

Method for production-cost calculations.

WASP-III was chosen for the ELECTRIC Module because these critical issues are treated
well, it is widely used throughout the world (including international lending
organizations), it is a public sector model, and training in, its use is available through
IAEA-sponsored courses. Also, this model can be used for very sophisticated studies,
while, in its simplest mode, it can be used for rapid approximations of the long-run
expansion plan.

ELECTRIC is a microcomputer version of the WASP-III model. The major effort
that went into producing ELECTRIC was in making it user-friendly and providing
convenient forms for preparing data, executing the various components of WASP-III; and
examining output. Over 100 separate forms were developed to help you use ELECTRIC.
However, the data sets produced by those forms are identical to WASP-III data sets
described in IAEA's WASP-III Users' Manual.” In addition, provisions have been madé to
allow you to directly edit the input files if you want to make minor changes without

paging through the forms.
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IMPACTS Module

The purpose of the IMPACTS Module is to calculate the environmental burdens
and resource requirements for the energy supply systems (electric and nonelectric) that
are computed by the BALANCE and ELECTRIC Modules. Data from these modules are
automatically transferred to IMPACTS for analysis. As with the other modules, you use
a hierarchy of menus to define the case study and advance through the module.

IMPACTS uses Framework II spreadsheets for entering data. Environmental
burdens and resource impacts are computed by multiplying the appropriate impact factor
by the activity for any given year (impact = impact coefficient x energy source
activity). Default values are available for all impact coefficients, but you ecan change
any of these coefficients (e.g., kilograms of pollutant emitted per metric ton of fuel
burned) by using a scalar function that is incorporated into the spreadsheets.

Impacts are broken down into mining, transportation, and power plants for the
electrie system. This breakdown was made because the boundary for impacts is the study
region. In cases where fuel for power plants is imported (from outside the region), the
impacts associated with mining and transportation would not be included. If the fuels
were obtained from within the boundary, then the impaects associated with resource
extraction and transportation would be included.

ENPEP Components

P e e

s ENPEP consists of a series of menus, forms, and spreadsheets that appear on the
‘computer screen to guide you through the program; allow you to enter, view, or change
information; and ensure that the required data sets are complete. This section contains
brief descriptions of the important components of ENPEP. More details of the ENPEP
microcomputer configuration can be found in a paper on WASP-III microcomputer
implementation.

_Forms

¢ In general, all ENPEP forms and menus have a similar physical layout.* At the
top-left corner is the name of the ENPEP module, and at the top-right corner is the
‘name of the form, which generally starts with the first letter of the module that you are
‘using: For exampie, all of the names of the forms in the LOAD Module begin with "L";
.the principal exceptions to this are the forms in the EXECUTIVE Module, which begin
"with an "X." The top line of each form will also contain the names of the planning study
'and case you have selected.

{
Bt 4 o YW T DTG

*Unless otherwise noted, this discussion uses the word "form" to refer to both forms and
menus.
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"Each form has a title that is displayed in the second line from the top. At the
bottom of each form is a short list of the important keystrokes that you can use.
Usually, this list consists of F10, F1, and Esc keys. In general, you view or change data
on a form or enter an option on a menu and then press the F10 key to advance to the next
form, menu, or function in the hierarchy. Press the Ese key at any time to return to the
form or the step you were at when you last pressed F10. Pressing F1 allows you to view
one or more Help files that explain how to use ENPEP keystrokes and modules.

The body of each menu contains a list of options from which to choose. Once you
enter an option, you must press F10 before you can continue. See Fig. 2 for an example
of an ENPEP menu. The body of each form contains one or more data fields. Use the
cursor-control keys to move the cursor to the appropriate field(s) to enter or change
data, and press F10 to save the value(s) and advance to the next form. See Fig. 3 for an
example of an ENPEP form. Most forms and menus also display a one-line prompt that
briefly describes the purpose of the form.

Spreadsheets

Four ENPEP modules, MACRO, DEMAND, LOAD, and IMPACTS, use
spreadsheets generated by Framework II to help you organize and manipulate large
amounts of data. Framework Il is an integrated software package that also provides data
base, graphics, and word-processing capabilities. All spreadsheets are preformatted and

ENPEP Module: LOAD Planning Study: Case: . (LO03)

Selecting a Function for Load

Description of Function . Status Last Update

1. Enter base year, end year and number of periods

2. Determine Annual Generation
3. Determine Annual Load Factors
4. Compute Annual Peak-Load

5. Determine Period Generation, Load Factors and
Peak-Load Fractions
6. Determine Period Load Duration Curves

7. Compute Annual Load Duration Curve

Function Selection: (1-7, from above list)
To complete the Load module, functions 1-7 must be completed in order.

Press "F1" for HELP, "F10" to CONTiNUE, or "ESC" to QUIT.

FIGURE 2 Sample ENPEP Menu (Menu L003 from the LOAD Module) - o
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) b case: #id (E237)
\ENPEP Module: ELECTRIC Planning Study: MM

Basic Hydroelectric Information

i data.
You may now modify the following information for your HYDRO

Fixed O & M

RYelEo ($/KW-month)

Type Hydro Type Description

Hydro Condition
Condition Probability

Number of periods per year: i (1-12)

e wN e

Sum: 1.00000

Press "F1" for HELP, "Esc" to QUIT, or "F10" to CONTINUE.

FIGURE 3 Sample ENPEP Form (Form E237 from the ELECTRIC Module)

consist of a two-dimensional array that displays the values for a particular category of
data (such as electrical consumption growth rates). Thus, changes over time can be

easily seen and adjusted.

As with the forms, each spreadsheet has a name and title. Most spreadsheet
names consist of five letters, and the first letter is the first letter of the name of the
module (M, D, L, or I). Each spreadsheet contains other information in addition to its
name and title. Typically, the third line identifies the source from which the data values
were calculated, the fourth line identifies the units of the values (if applicable), and, on
some spreadsheets, a short description of the spreadsheet's purpose begins on the fifth
line. In addition, at the bottom of each spreadsheet is a brief description of the available
functions and the keystrokes necessary to execute them. See Fig. 4 for an example of a
spreadsheet.

‘The keystrokes for spreadsheets are different from the keystrokes for forms.
There are three keystrokes that are common to most spreadsheets: F9, Alt-C, and
Ctrl-D Q. Once you have entered Framework II, press F9 to access the appropriate
spreadsheet. In general, Alt-C allows you to save the displayed data, advance to the next
spreadsheet, and, in some cases, perform calculations. Ctrl-D Q allows you to quit
(return to the forms). On spreadsheets that require AIt-C to save data, pressing
Ctrl-D Q first will interrupt Framework Il and any changes to the data will be canceled.
See the Framework II documentation for more information about Framework II
keystrokes and functions.
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Name: ITAEC
Title: Default air emissions coefficients for transportation of fuel
to electric power plants¥*
Source: Hittman Associates
Units: Short tons/10"12 Btu-mile

Transport = =0 P=AU = OO Rml sl TYRB G = o e e
Mode S02 NOX TSP co HC
Train - coal 2.6500E+0 3.0500E+0 3.3800E+1 2.8500E+0 2.0600E+0
Barge - coal 7.3800E-1 6.8900E-1 1.7400E+1 5.9000E-1 4.4300E-1
Truck - coal 8.9100E-2 1.2200E+0 1.6400E+1 7.4300E-1 1.2200E-1
Pipeline - oil 3.5700E-1 4.8900E+0 1.7200E-1 2.9800E+0  4.9000E-1
Tanker - oil 5.1500E-1 3.3700E-1 3.7500E-2 6.1400E-3 1.9000E-2
Truck - oil 1.3700E+0 1.8700E+1 6.5800E+1 1.1400E+1 1.8700E+0
Barge - oil 0.0000E+0 0.0000E+0 0.0000E+0 0.0000E+0  0.0000E+0

Pipeline - gas  0.0000E+0 1.0300E+2 0.0000E+0 0.0000E+0 0.0000E+0

* Emission coefficient = default coefficient * scaling factor (in ITAEM)

e 85 se se se es ss s se e se se e es e e ee e es es s e
®e e ee ss s es %e s e e es e e6 Ge se e se e ss se e we

FIGURE 4 Sample Spreadsheet (Spreadsheet ITAEC from the IMPACTS Module)

ENPEP Keystrokes and Function Keys

Tab, +, or Enter Press any of these keys to move the cursor forward one data field.

Backtab or * Press either of these keys to move the cursor backward one data
field.

PgDn Press this key to move the cursor forward five data fields.

PgUp Press this key to move the cursor backward five data fields.

Ctrl-PgDn Press these keys simultaneously to move the cursor forward ten

data fields.

Ctrl-PgUp Press these keys simultaneously to move the cursor backward ten
data fields.

2 Press this key to move the cursor forward one character.
* Press this key to move the cursor backward one character.
Ins Press this key to enter the insert mode.
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Backspace When the insert mode is on, press this key to delete the character
preceding the current cursor position.

Home Press this key to move the cursor to the first data field on the
form.

End Press this key to move the cursor to the last data field on the form.

F1 On ENPEP menus and forms, press this key to access the on-line

help. You will be presented with a sereen that desecribes the
functions of ENPEP keystrokes.

F2 Some menus and forms have additional help information specifie to
the menu or form; press F2 to view this additional information. If
you press F2 while viewing a form that does not have additional
help information, you will access an abstract of the module that
you are using.

F3 Press this key to restore the contents of a data field that you have
accidentally deleted. This function will not work unless you press
F3 immediately after pressing Del.

Del Press this key to delete the contents of a data field.

Ese On ENPEP menus and forms, press this key if you want to cancel a
function or escape from the form. You will return to the previous
form or function. If you make any changes to the data fields on a
form and press Ese, those changes will be canceled. If you have
already saved the data on a form (with F10), those data will not be.
lost. Likewise, the functions on a menu that are displayed as
COMPLETE will not be affected by pressing Ese.

F10 On ENPEP menus, press this key to execute the option that you
have selected and continue. On ENPEP forms, press this key to
save the values that are displayed in the data fields and continue.

On-Line Help

You can access an on-line help from every form in the ENPEP program. All on-
line Help is displayed with the ENPEP Paging Routine. You can access the first screen
of on-line help by pressing F1; you will then see a screen that describes ENPEP
keystrokes and cursor-control funetion keys. These keystrokes are valid for all ENPEP

f;“";S and menus. When you finish viewing the help information, press Ese to return to
the form. —
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On some forms, you can view additional information specific to the form that
you are using by pressing F2. You can press F2 while you are viewing the form or the
first screen of information. If no additional information is available, the message No
additional help is available for this form... will be displayed at the bottom of the screen;
press any key to continue. If the on-line help file is too big to be displayed on one
screen, you can view additional "pages" with ENPEP Paging Routine keystrokes.

In addition, the introductory menu for each module allows you to access an
abstract that describes the purpose of the module. You can select an option provided for
this purpose or press F2 to view this abstract, which can be from 5 to 40 "pages" long.
As with the on-line help, these abstracts are displayed with the ENPEP Paging Routine.

ENPEP Utilities

This section briefly deseribes three utility programs that were written for
ENPEP. The utilities were designed to make ENPEP as easy to use as possible; they are
the ENPEP Data Dictionary, Forms Package, and Paging Routine. The commercial
software packages that are distributed with ENPEP (dBASE III+, Framework II, GrafTalk,
and an ASCII file editor) were chosen to complement ENPEP and perform certain
functions for ENPEP because of their widespread use and proven reliability. For more
information about the commercial software, refer to the appropriate users' manual.

Data Dictionary

The Data Dictionary is a system of files and programs that coordinate the
storage and retrieval of the input and output files for the ENPEP modules. Its operation
is transparent to you. To retrieve data, all you need to do is select a planning study and
case from a list, and to store data, you merely respond to a prompt. To execute
directory functions (such as archiving), all you do is press one or more function keys and
identify the appropriate disk drive. Each module contains one or more forms for these
purposes. Because the Data Dictionary is a critical component of ENPEP, you should
back it up regularly. (See options on page 1.3-6 of the EXECUTIVE Module.)

The programs and work files needed by the seven technical modules are stored in
separate subdirectories of the same name as the module. (For example, all the
ELECTRIC Module programs are stored in the C:/ELECTRIC/ subdirectory on disk-drive
C:.) When you select a planning study, status information is written into the Data
Dictionary that allows each submodule of each module to retrieve the appropriate data
files from the subdirectory of the planning study. Typically, files are copied from the
planning study subdirectory to the subdirectory of the module. Then you can change the
files by executing the module and copy them back into the subdirectory of the planning

study.
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Forms Package

In general, those portions of ENPEP that you can see on the sereen are generated
by the ENPEP Forms Package. This includes all menus and forms, but excludes screens
generated by dBASE III+, Framework I, GrafTalk, and the IBM Professional Editor. The
Forms Package gives ENPEP a clearly defined structure and associates keystrokes with
the appropriate functions. Thus, you can advance through the ENPEP hierarchy by
selecting an option on a menu or completing a form. In addition, the Forms Package
makes it easier to enter information by providing clearly defined data fields.

The ENPEP Forms Package is designed to help you avoid errors. If you enter an
option that does not exist on a menu or attempt to execute an unavailable function on a
form, then the Forms Package will produce a beep and display an error message.
Normally, this message will tell you that you have selected an invalid option or function.
When an error message is displayed, press any key to remove it from the screen and
continue; then you can select a correct option or function.

Paging Routine

The ENPEP Paging Routine is a Basic program that allows you to view output
from the technical modules and the on-line help library. You access it automatically
after executing a module function or a help command. If a document contains more than
one page, a message at the bottom of the screen will display the current page and the
total number of pages; to advance to a specific page number, enter the number and press
F10.

You can view a help screen for the Paging Routine by pressing F1. This help
screen, which is summarized in the following list, briefly deseribes the keystrokes that
you can use in the Paging Routine.

.

+ Press this key to move the screen display up one line.

Ctrl-PgUp Press these keys simultaneously to move the screen display up 20
lines.

+ Press this key to move the screen display down one line.

Ctrl-PgDn lP.ress these keys simultaneously to move the sereen display down 20
ines.

* Press this key to move the screen display one character to the left.

Ctrl-+

Press these keys simultaneously to move the screen display 20
characters to the left.
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Press this key to move the screen display one character to the
right.

Press these keys simultaneously to move the screen display 20
characters to the right.

Press this key to display the next page.
Press this key to display the previous page.

Press this key to move the sereen display to the top of the page
(row one of the page will correspond to row one of the sereen).

Press this key to move the screen display to the bottom of the
page.

Press this key to "freeze" the top three rows of the page; this
function allows you to leave column headings on the screen while
you view other portions of the page.

Press this key cancel the "freeze" function.

Press this key to print all or parts of the document that you are
viewing.

Press this key to exit from the Paging Routine.

Press this key to return to the Paging Routing from the help
screen. .

How to Use This Document

This section discusses the organization and conventions used in this report to
describe the purpose, functions, and use of each ENPEP module.

The format of this

report is designed to help you easily locate information about ENPEP, whether you need

to know what the purpose of a particular function is or how you can advance to the
appropriate form to execute that function.
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Organization

Each chapter of this report is organized according to the following outline (where
"C" represents the chapter number):

C.1 Introduction
C.1.1 Objective
C.1.2 - Background (if applicable)
C.1.3 Approach
C.1.4 Functions
C.1.5 References (if applicable)
C.2 Structure
C.3 Forms
C.4 Spreadsheets (if applicable)
C.5 Appendix (if applicable)

Each Introduction describes the module and discusses its overall purpose and
relationship to the other modules. The "Structure" sections present diagrams that depict
the hierarchy of the menus and forms in each module.

The Forms sections describe the forms and menus of each module and how to use
them. The forms are presented in an order that reflects the relationships between forms
to the extent possible. However, most modules have a complex hierarchy that contains
many branches. To help you locate the description for a specific form easily, the
chapters that describe the more complex modules contain both a standard table of
contents and an alphabetic/numeriec listing of the forms.

The Spreadsheets sections describe the spreadsheets and their use for those
modules that have spreadsheets. In general, the order in which the spreadsheets are
presented is functional, since the data on many spreadsheets are derived from data on
previous spreadsheets. As with the forms, an alphabetic table of contents is provided for
the chapters that describe the more complex modules that have spreadsheets.

Some chapters have one or two additional sections: a list of references and an

appendix. Normally, the appendices provide a more detailed description of the module
functions that are summarized in the Introduction.
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Form and Spreadsheet Conventions

This document uses a consistent organization within the sections that describe
menus, forms, and spreadsheets. This organization is designed to help you distinguish
between text that discusses a particular form or spreadsheet and text that describes
what action(s) you need to take to use the form or spreadsheet. Within each of these
sections, an image of the form or spreadsheet will appear first, followed by a discussion
about the form or spreadsheet entitled Purpose and a list of actions that you can take

entitled Options. For many forms and spreadsheets, there is additional discussion
entitled Background.

The discussion within Purpose will tell you basic information that is most
essential for using the form or spreadsheet. For each form or spreadsheet, this
information includes its name, a summary of its purpose, and its position in the hierarchy
of the module (that is, how you advanced to the form or spreadsheet). In addition, other
important information is presented (for example, a requirement that you complete the
options sequentially).

The organization of the list of options is different for menus and forms. For
menus, each function in the list is preceded by the keystroke that executes that
function. For forms (and spreadsheets), each function in the list is preceded by a bullet
(*) since the keystrokes can vary (for example, to enter a case number). For all menus,
forms, and spreadsheets, the list of options identifies the menu, form, or spreadsheet
that you will advance (or return) to after selecting an option or executing a funetion.

The discussion within Background will vary. In some cases, the discussion
describes the equation(s) that are used when you execute a function. In other cases,
information is presented to help you better understand the purpose of the form or
spreadsheet.

Some forms have an additional subsection ‘entitled Data Fields, which describes
the purpose of and constraints on the values that you can enter. In such instances, the
name of the data field will appear in italies (for example, Domestic Fuel Cost).

Since computer screens cannot display superseripts, there are differences
between the ways that scientific notation is express‘e;d in the text and on spreadsheets
and forms. In the text, one million is expressed as 10°, but on a spreadsheet, one million
may be expressed as E+6, 10**6, or 10°6. Likewise, a computer sereen cannot display
subseripts; thus SO, and NO, are expressed as SO2 and NOx.

Keystroke Conventions

This document uses a typographical style to help you clearly identify the symbols
that represent keys that you need to press to execute a function. When you need to press
a specific key, it will appear in an underscored, bold typeface (for example 1, Y, or
Ese). This convention does not apply to keystrokes that can vary, such as to enter a

value in a data field.
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When a hyphen (-) links two keystroke symbols together, this indicates that you
need to press those keys simultaneously; for example, to execute a function with the
Alt-C keystroke, press the "Alternate" and "C" keys at the same time. When two keys
are separated by a space, this indicates that you press one key before the other; for
example, to execute a function with the Ctrl-D Q keystroke, first press the "Control" and
"D" keys (simultaneously), and then press the "Q" key.

Although this document fully describes all the keystrokes specific to ENPEP, it
does not describe all of the keystrokes for dBASE IIl+, Framework II, GrafTalk, and the
IBM Professional Editor. Instead, it refers to only the most important keystrokes: those
that you need for entering and exiting from these software packages. You can find
detailed information about using dBASE IlI+, Framework II, GrafTalk, and a text editor in
the appropriate users' manual.

ENPEP Glossary

case: A case is the second highest level of ENPEP data organization and it represents a
different set of circumstances on which the planning study will be based. The
ENPEP program assigns each case a unique three-digit number and appends this
number to the end of the data files used by the ENPEP modules. All of the cases
that are associated with the same planning study reside in the subdirectory that has
the name of the planning study. After you choose or create a planning study, you
must also choose or create a case before you can begin executing the. ENPEP
modules. An example of a case is "High GDP Growth Rate, Low Population
Growth." See planning study.

cursor-control functions: The cursor-control functions are a set of keys that allow you to
move the cursor on the screen when you want to change data on a form. See
"ENPEP Keystrokes and Function Keys" in this Introduction for a detailed
description of each keystroke and its function.

Data Dictionary: The Data Dictionary is a BASIC program and its data files that were
designed specifically for ENPEP. It serves as a repository of information that two
or more ENPEP modules share. The interactions between the Data Dictionary and
the ENPEP modules are automatic and transparent to you. See status variables.

data fields: In this report, data fields refer to those portions of the forms that econtain
values that you can enter or change. Typical data fields contain base and end years

for a planning study, load duration curve coordinates, the available capacity for a
hydro plant description, and so on.

dBASE III+: The commercial software package that manipulates and maintains DEMAND
Module data sets is dBASE III+.

=

-
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compilation and processing. Most forms allow you to enter or change data from a
keyboard by using keystrokes that are common to most forms. Typical forms
contain information such as heat rates, period peak load fractions, thermal plant
deseriptions, and so on. See menu.

’ form: A form is a screen display that guides you through the ENPEP hierarchy of data

Forms Package: The ENPEP Forms Package is a BASIC program that generates all of
the ENPEP forms and menus. It maintains and guides you through the ENPEP
software hierarchy and allows you to enter data.

Framework II: Framework II is the commercial software package that generates the
spreadsheets used by the MACRO, DEMAND, LOAD, and IMPACTS Modules.

GrafTalk: GrafTalk (version 4.1) is a commercial software package that allows you to
graph the data generated by ENPEP.

menu: A menu is a special form. Menus allow you to choose from a list of functions.
Some menus advance you to a path through the ENPEP program hierarchy; other
menus allow you to select module or submodule data processing options. See form.

module: A module is one of the eight ENPEP programs that coordinate or perform a'Jl
technical analyses. Each consists of one or more separate Fortran or Basic
programs, and several also use Framework II spreadsheets or dBt.\SE III+ data bases.
All of the modules can produce reports that you can view and print, and most of the
modules allow you to generate graphs. The eight modules are: EXECUTIVE,
MACRO, DEMAND, PLANTDATA, BALANCE, LpAD, EI:ECTRIC, and IMPACTS.
They may be run independently, but ENPEP is designed to integrate all the modules

into one system. Information can be passed from one module to another through the

use of the Data Dictionary. .

i i i ine is a BASIC program that allows you to
Paging Routine: The ENPEP Paging Routine is a :

g sglectively view pages of the abstracts in the ENPEP help files a'nd repqrts

generated by ENPEP. This program is called when you select an option to view

ENPEP output or when you enter a help command.

planning study: A planning study is the highest level of l::NPEP data organ.ization. The
data within a planning study defines an energy analyfns, and each p‘lanmr}g study c'an
cover a period of up to 30 years. Each plan.mng study resides in one d¥sk
subdirectory that has a name consisting of up to exgk'l't characters. Associated w1:h
the name is a label for each planning study (such as "Country En‘ergy Asse.:ssment e
You must choose or create a planning study before you can begin executing one of

the ENPEP modules. See case.

screen: In this report, a screen refers to the actual image that you see on a computer
sereen, whether it is a form, menu, or spreadsheet.
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spreadsheet: A spreadsheet is a preformatted screen display that you use to view,

organize, or manipulate data. The ENPEP program uses a software package called
Framework II to provide the spreadsheet formats and make the calculations that the
modules perform more transparent. See Framework II.

status variables: The status variables are displayed on various menus and forms to

1.

2.

indicate the status and the date on which you last modified a planning study or case
or executed a function. The status is either COMPLETE or INCOMPLETE. The
status variables are generated and maintained by the Data Dictionary.

References

Buehring, W.A., and T.D. Wolsko, ENPEP and the Microcomputer Version of WASP-
III: Overview and Recent Experience, presented at the International Atomic Energy
Agency's Advisory Group Meeting on WASP-III, Vienna (Nov. 4-7, 1986).

Debreu, G., Theory of Value: An Axiomatic Analysis of Economic Equilibrium,
Cowles Foundation for Research in Economies, Yale University, New Haven, Conn.
(1971).

Wien Automatic System Planning Package (WASP): A Computer Code for Power
Generating System Expansion Planning, Reprint of WASP-III Version Users' Manual
Sections 1 to 11, International Atomic Energy Agency, Division of Nuclear Power
and Reactors, Section of Economic Studies, Vienna (1980, including updates through
Newsletter 5 of July 21, 1986).

Buehring, W.A., C.C. Huber, and B.P. Hamilton, Implementation of WASP-III on an
IBM PC, in Experience with the Agency's WASP for Nuclear Power Planning in
Developing Countries (Proc. of Advisory Group Meeting to Review Experience with
WASP for Nuclear Power Planning in Developing Countries, organized by IAEA and
held in Vienna, 16-20 Sept. 1985), International Atomic Energy Agency Report
IAEA-TECDOC-364, pp. 101-127, Vienna (Feb. 1986).









290043 PN muua.u B 0
PiEE Mg0ag O 43‘,3 mﬁuﬁm ..u

k3

aLhy J03Dag D
Ve SUN SRy a«;a;;mdr

$SEDOIS UGy ;em?a)_
s ’ A Pl 'w-wfm« m.&né g;.ﬂg@
s ¥a Crewesvd GEGBOTE SR

% uay )esé ;T’*n En s Jo BB

i RO T .
o Bupsswny Sl oo RN
B Rl 54 7y ’;uu. ‘&& 3{1 LAsevy MRy
vh‘: o 5 » S SN P e e s aWee -,cyc_w
NSAERRE 363 AP D) IRV RS * AL SR

O i S Wi maa0Lg pu wigagy Ma\ o A !!.\Mv'-\ -

?\‘ ﬂ"“,

BRON o nv/uc !-1;::\] ,':\ E gy o BE ki)

P - tedraaes ""-‘tqﬁ.ui-.._

O BLEEYE O 4!"("531 S a6 Bawsi)
A i Ak oy s aEee ¢ SOty

. % SGUrosYY WguRANENg Soiumin 40 B
3 SR arssdae e vien v nen il NHON SSRDOLT 1WA

0 ARy Fuiie’y o MaLvlA
Seeat m e
7 & ‘iu CRIY

4 } » e Baiw g
> nRow M Sutas)
e LRl = (s 1R Al
: B s Ra RN
3 v v B 3Enoeg
Cees e gneTy o B SRS ONIE
g 4 red B leptundiin
.
. B
L i)
5 § SRR
S RO £t a2 s
- & S e N
q ¥ wEn o N
-






CHAPTER 5
BALANCE MODULE
.
B







CONTENTS

R I R 0N S BTN 0% s ev e s eeoncnascosnssnnes - e oo - harb bl 5.1-1
TG T L e e e A e el Ante D ety WO Sheciis et e 5.1=3
5.1.2 Background........ csesecssesssessssesnne g biois o siensrrasaseanans 5.1-3
T T T e el S Aot R i st ha ke & e 5.1-18
R R URITLILITIR o ts v 60 us nipia e 0.8 wrd'h wu's 2.9 as 8 wigqun e APt e e Ty 5.1-18

5.2 Structure ....... S T R P e e R RS e e e 5.2-1

SRR ROV o o 5isicine s e veee B S » (avnerar o e e e o 5 06 4% wale wisimie ww'e 5.3-1
5.3.1 Menu B001 -- Introduction to BALANCE ....covvevenrnnnnnns spp M TS
5.3.2 Form B002 - Selecting a Case Code ..cecveccccccccccccssccnnsce 5.3-4
5.3.3 Menu B003 -- Selecting a Major BALANCE Module Function....... 5.3-7
5.3.4 Menu B004 -- Viewing, Changing, or Adding Network

TREOD DB UTONL v otare o )5 n. oot hdesn il chue o/ 5.0 0t e S 5.3-9
5.3.5 Menu B010 -- Viewing or Changing Basic Run Control Data........ 5.3-11
5.3.6 Form B011 -- Viewing or Changing Basic Program Parameters ..... 5.3-12
5.3.7 Form B012 -- Viewing or Changing Output Codes and Scaling

o T - . e R B s SR 5.3-15
5.3.8 Menu B020 -- Viewing or Changing Energy Network Data ......... 5.3-18
5.3.9 Form B021 -- Viewing or Changing Depletable Resource and

Import Fuel Process Node Data ......covevvvennnes 5.3-21
5.3.10 Form B022 -- Viewing or Changing Depletable Resource Price

Projections .....c00e.. G Rt e 0.5 o sotindbin o ks Skt 5.3-25
5.3.11 Form B023 -- Viewing or Changing Renewable Resource Node

PLOROISTIIRAUR \vioieinis o uie hon Rachen siara o5, &% s siaiocevsre o v s a0 8 5.3-27
5.3.12 Form B024 -- Viewing or Changing Decision/Allocation Node

JOBER S e o rn ne w00 2t nes b B a b nars o oo g o vie s puaes s ip a 5.3-32
5.3.13 Form B025 — Viewing or Changing Conversion Process Data....... 5.3-39
5.3.14 Form B026 -- Viewing or Changing Multxple—lnput—Link

Conversion Process Data'sc.veeeerenneennennnennns 5.3-44
5.3.15 Form B027 -- Viewing or Changing Demand Process DAt %ot innee 5.3-50
5.3.16 Form B082 -- Selecting a DEMAND Case Code for Growth

BBOOETING {6 ot tiaaiets i 4 oo o aTH mi  COF w6 L 5.3-53
5.3.17 Form B028 -- Adding Energy Demand Growth Data......co0vuuune 5.3-54
5.3.18 Form B088 -- Viewing or Changing Existing Energy Demand

CHOWEERIIRTE & s uis o oie vo wmaialesi o s bl ot oy Jo oy ess.. 5.3-56
5.3.19 Form B029 -- Viewing or Changing Multiple-Output-Link Node

BROCess HBODIIR - & ¢ s ol s b s o aniis S inie 0ts 5078 PR .
5.3.20 Form B02A-- Viewing or Changing Stockpile Node Data .......... 5.3-66
5.3.21 Form B02B-- Viewing or Changing Price Regulation Process

o)y i et Sedmbra e giictdeditap s b e Spptiag gl 5.3-69
5.3.22 Form B02C-- Viewing or Changing Capacitated Links Data........ 5.3-74
5.3.23 Menu B030 -- Viewing or Changing Electric Sector Network

DBIE" . casocivnnanscassssnnesonnssnns s wmanranitsn 5.3-76
5.3.24 Form B031 -- Viewing or Changing Electric Sector Output Control

e = e = e e e s e 5.3-81
5.3.25 Form B032 -- Viewing or Changing Electric Sector Data .......... 5.3-83
5.3.26 Form B033 -- Viewing or Changing Thermal Electric Process

B R s s cavonwanmonnanvuses o <ite v Oh b ¥ e N 5.3-86

iii




CONTENTS (Contd.)

lectric Units from PLANTDATA

5.3.27 Form B093 -- Adding Thermal E e AN 5.3-89
el i g H drot lectric Process
5.3.28 Form B034 —- Viewing or Changing Hydroelectric FFOFFPS - - - .. 5.3-93
Data ccceccccscscne ssiebie nm diesiey e AR
5.3.29 Form B094 -- Adding Hydroelectric Units from PLANTDATA S
MOGULE’ 5« vtnns vaveasesisnsmoyscss eseeenns eeees o
5.3.30 Form B035 — Viewing or Changing Data for Electric Generating 5 o5
Unit CONVErsions «.oceeeossosscsecsecnes cesssnes . 5.
5.3.31 Form B036 — Setting Fuel-Price Links for ELECTRIC g ol
Module .eoseeeasss senenes 2 plensesevoninns s P 5.3-105
5.3.32 Form B040 — Defining Output-Writer Options .......... R 5.3-107
5.3.33 Form B041 — Defining Output-Writer Row Contents ............. *
5.3.34 Form B042 — Defining Output-Writer Row Labels and Links iisl
Options 1-3) cecececsscsssccsconcenne ceeens » 2 o
5.3.35 Form B043 -- ge%ining Output-Writer Row Labels and Links
(Option 4) ceeveevssaccesaaecsooscscsennsaccncnes 5.3-112
5.3.36 Menu B050 - Viewing or Changing Special Events and Node Call
SEQUENCES o veevvesosnosecensssassssssccnnnnannns 5.3-114
5.3.37 Form B051 -- Defining Special Events ....cccevcvceerececncncens 5.3-115
5.3.38 Form B052 —- Viewing or Changing Up-Pass Node Call Sequence
Datl sesesnssscnanscansssssness » 5.5, 6iP Bl o M M A 5.3-120
5.3.39 Form B053 -- Viewing or Changing Down-Pass Node Call Sequence
DETA s sc vniane siosivuisres s usbiaes eesssse cesesccas 5.3-123
5.3.40 Form B060 -- Passing Process Data to the IMPACTS Module....... 5.3-126
5.3.41 Form B061 — Passing Fuel Expenditures to the IMPACTS
MoAhle "wc s nevs aimee ssinnnaiompniae s secesccscanse 5.3-129
5.3.42 Form B300 -- Setting Mode Control and Output Options...... wen o0 DutL L
5.3.43 Menu B400 -- Viewing or Printing Output from the BALANCE
Module ceccecsocccsccsscessassccsscnsessnsesnnnsn 5.3-133
5.3.44 Menu B500 -- Saving Data Back to the Planning
SUDAIPECLOIY scaccsarossmnesasssssvsnmmasesmassse 5.3-135
FIGURES
Sl Sy mbols ROr Network NGGes s o .. cpvs v aininsisin s s sbprs i S S i o 5.1-6
8.2, ;GenericiCountry ENergy BYStEM oo Sus o ovin s nienm sionnisis s v s/nsiaiin e weaien §.1-7
5.3 Industrial Sector of the Generic Country Energy System ...ceeeeeeens e a8, B
5.4 Household Sector of the Generic Country Energy System ....eecececeness 5.1-10
5.5 Demand Sectors of the Generic Country Energy System ...ceeeeeeccecans §.1-11
5.6 Transmission/Distribution Sector of the Generic Country
ENErgy SVHTOM o cicee s nanss oas siisn s s enionsnssmisnssn BRIttt oo ol 5.1-12
5.7 Refining and Imports Sectors of the Generic Country
ENErgy SYSTEMT, ¢ cioio simeiuininie. o o civare/sisiniantioie s s nid e S u P IR s s v v 0 s 5.1-13
5.8 Eleetricity Generation, Wood, Gas, and Oil Sectors
of the Generic Country Energy SyStem ....eeeeseeeasansssensseansacns, 5.1.14
5.9  Coal Sector of the Generic Country Energy System ....cceesssscscccana., 5.1-15
5.10 BALANCE Module Hierarchy ..... PSRRI = S B TR 5.2-3

iv




FIGURES (Cont'd)

5.11 Depletable Resource Supply CUIrVE ...ceeeneecccccnnacnccccnnnnnncns cosn
5.12 Renewable Resource Supply Curve...... Prie ki ks e wi o) o a1 e w e



BALANCE Module / Introduction 5.1-2




BALANCE Module / Introduction 5.1-3 August 1987

5.1.1 Objective

The principal objective of the BALANCE Module is to project an energy
supply/demand balance for up to 30 years. These data are then used in calculations in
subsequent modules of the ENPEP system.

5.1.2 Background

General

BALANCE allows you to design a comprehensive model of the energy-producing
sector and energy-utilizing activities in the major energy-consuming sectors of a
country. There are two major aspects of BALANCE: the forms that allow full-screen
data entry, and the Integrated Demand and Energy Supply (IDES) FORTRAN model. The
IDES model was previously developed at Argonne to analyze energy planning issues
characteristic of developing countries.

The BALANCE Module processes a representative network of all energy
production, conversion, transport, distribution, and utilization activities in a country or
region, as well as the flows of energy and fuels among those activities. Nodes of the
network represent energy activities or processes such as refining, while the links of the
network represent energy and fuel flows and associated costs among those specific
activities. Data associated with nodes and links, as well as data to control the execution
of the IDES FORTRAN program, are accessible through a hierarchy of menus and forms
developed for ENPEP.

The objective of the module is to project the base-year energy flows associated
with the links of a network over a given period of up to 30 years. Input data in the form
of imported fuel price projections, final demand projections, and costs and technical data
concerning energy resources and conversion activities (such as electricity generation and
refining) are used in the module process representations to project future balances. The
balances are constructed based on the relative economics of the alternative sources of
supply and technology needed to meet the final demand, subject to the constraints that
may exist on processing capacity and government regulations affecting energy uses and
prices.

Typical alternative cases may be designed by varying the input data file to
address issues such as the following:

e The relative contributions of hydroelectric power, fuel oil, coal, and
peat for central station electric power generation,

e The economic potential for decentralized electric power generation
and its impacts on the central station power system,
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e Imported crude and petroleum produets and the production by domestic
refineries,

e Economic potential for biomass to reduce imported fuel requirements,
including the production of ethanol, wood, charcoal, and agricultural
residues,

e Economic potential for solar and wind energy sources,

e Impact on energy consumption of assumptions regarding sector growth
rates,

e Fuel switching alternatives and imported fuel prices, and

e Potential for reducing energy consumption through conservation in the
demand sectors.

You may run several variations on these and other cases by appropriately modifying the
data that are entered in the model.

BALANCE Processes and Nodes

The BALANCE Module works with an energy sector network that consists of
nodes and links. The nodes of the network represent processes, such as petroleum
refining, and the links represent energy flows between pairs of nodes. The energy
network is developed by defining the energy flows among 10 types of nodes. Each node
type corresponds to a different submodel in BALANCE and is associated with specific
equations that relate the prices and energy flows on the input and output links of the
node. The node types are described as follows:

e Depletable Resource Node -- This models the production of a
depletable resource that is either imported or domestically produced,
such as crude petroleum or coal.

e Renewable Resource Node -- This models the production of a
renewable resource, such as agricultural residues or solar energy.

e Conversion Node -- This models the conversion of a resource, fuel, or
product to another form. Examples include a boiler that converts fuel
oil to steam, an automobile that converts gasoline to miles traveled,
and a distillation process that converts agricultural residues to
ethanol.

e Refining Node -- This node, also called a multiple-output-link node, is
typically used to model the petroleum refining process in an aggregate
form. More generally it can be used to model any process with two or
more products.
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* Stockpile Node — This models stockpiling of resources for use at some
future time.

® Multiple-Input-Link Conversion Node -- This models special conversion
processes that have more than a single form of input fuel, such as a
solar heater that uses LPG as a backup fuel.

* Decision Node -- This models the selection of fuels or energy forms
from alternative sources of supply.

* Pricing Node —— This models government price regulations and pricing
policies.

* Demand Node -—- This models the final demand for a fuel or a form of
useful energy such as steam.

e Electricity Generation — This submodel of IDES models the loading
and output of electricity generating units.

Different symbols are used to represent each of the node types in the energy
network, as seen in Fig. 5.1. The structure of the energy network (that is, how the nodes
are connected in the network) is specified as part of the input data for the model. Each
link of the network is assigned a unique number between 1 and 500, and the number of
input and output links for each node of the network is specified in the input data for the
node.

The components (subsectors) of a typical country's energy system and the energy
flows among the components are presented in Fig. 5.2. Energy is either imported (comes
into the system through the imports sector) or is produced domestically (in the coal, gas,
oil, or wood sectors). Fuel conversion occurs in the refining sector (crude oil is
converted to refined products) and in the electricity generation sector (coal, oil, or gas is
converted to electricity). The transmission/distribution sector routes the fuels to the
various demand sectors (industry, households, commercial, transport and agriculture) as
well as to the export sector. A specific country may include more or fewer sectors and
fuels than shown in Fig. 5.2. The IDES model is sufficiently flexible that almost any type
of energy network structure can be represented.

Figures 5.3-5.9 illustrate the detailed network structures within each of the
energy subsectors. These energy networks consist of processes and nodes of the types
previously described (Fig. 5.1) and links connecting the nodes that represent energy
flows. Links of the network are labelled with the link numbers (whole numbers) and the
base year energy flows (decimal numbers) that are used in the generic country model.
The nodes of the network are labelled by the process type and number that are used in
the generic country model. The abbreviations used for the node types are as follows:

RS - depletable resource

RN - renewable resource
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Depletable Resource

Renewable Resource

Conversion

Conversion (Transport)

Refining

Stockpiling

Multiple Input Link

Decision

Pricing

Demand

Electricity Generation Sector

FIGURE 5.1 Symbols for Network Nodes
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PR - conversion process

RE - refining or multiple-output-link proces
ST - stockpiling node

MI - multiple-input-link process

AL - decision or allocation process

PP - pricing node

DE - demand node.

For example, if a node is labelled PR13, this node is conversion process number 13.

DATA REQUIREMENTS

The data required to execute the BALANCE Module for the energy network are
as follows:

e Base-year supply/demand balance;
e Resource reserves, capacities, and production costs;

Energy processing efficiencies, capacities, and capital and operating
costs;

e Electrie sector data, such as load duration curves;

Final demand projections, which can optionally be obtained from
ENPEP's DEMAND module; and

e Import fuel price projections.

IDES Iteration Procedure

The IDES FORTRAN program within ENPEP's BALANCE Module processes a
system of simultaneous nonlinear equations and inequalities. These relationships, defined
by input parameters associated with each node in your network, specify the
transformation of energy quantities and energy prices through the various stages of
energy production, processing, and use within your network. An equilibrium model

represented by your network is solved by finding a set of prices and quantities that
satisfy all relevant equations and inequalities. ,
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To find the equilibrium solution to your network, the model makes initial
estimates of values of fuel importation and production quantities at the bottom of the
network. After the initial estimates are made, the prices of fuel on each successive link
going up the network are computed from the price equations defined by the various
nodes. Next, the solutions to all the quantity equations associated with the nodes of your
network are computed for successive links going down the network. If all equations in
the network are satisfied by the initial estimated quantities, a solution to the model has
been found. Otherwise, the quantities at the bottom of the network are automatically
adjusted, and all equations are solved again. This iteration process continues until the
proper values for the quantities at the bottom of the network have been found.

The model's solution procedure is summarized in the following five steps:

1. Estimate quantities at the bottom of the network for all depletable
and renewable resource nodes. (The previous year's quantities of
resource production are used as these estimates.)

2. Solve the price equations in order, starting with the price
equations for the depletable and renewable resource nodes and
going up the network. This phase is referred to as the up-pass.

3. Compute the quantities demanded, based on the prices computed
for the input links to the demand processes.

4. Solve the quantity equations successively in reverse order going
down the network starting with the demand quantities. This is
referred to as the down-pass.

5. Compare the quantities computed om the down-pass for the
resource processes with the initial estimates. If these quantities
are approximately equal (within an amount referred to as the
convergence tolerance), the model is said to be converged, and an
equilibrium solution has been found. If the model is not converged,
the initial estimates for the depletable and renewable resource
quantities are automatically adjusted, and another iteration is
begun, starting at Step 2. The procedure for adjusting the
quantities is referred to as the algorithm.

Interpreting IDES Equilibrium Solutions

The equilibrium modeling approach used in the BALANCE Module is based on the
concept that the energy sector consists of autonomous energy producers and consumers
that carry out production and consumption activities, each optimizing individual
objectives. In contrast, optimization models of the entire energy sector, such as linear
programming formulations, can take in the interpretation of a central planning authority
that has control over all energy flows and prices in the entire energy sector.
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The solution of an equilibrium model, such as the IDES program, should be
interpreted as what is likely to happen, given that .the assumptions about the
relationships and data in the model are correct. In some circumstances, the output can
also be interpreted as prescriptive, indicating what should happen o'r what will happen.
For example, the model solution may prescribe what value energy prices should be set. at
in order to recover all costs of production and processing, if all government price
controls are removed in a run of the model and prices are allowed to reflect only costs.

5.1.3 Approach

The BALANCE Module guides you to a set of submodules through a hierarchy of
menus and forms displayed on your screen. You can use these forms to enter data to
design an energy network illustrating energy flows from supply to demand activities.
Once all data are entered, the IDES FORTRAN program processes the data to project an
energy supply/demand balance and generates several output files. These output files can
then be viewed or printed by branching to the appropriate BALANCE submodule.

5.1.4 Functions

The IDES FORTRAN program performs three major functions:

e Computing annual energy flows from resource production,
conversion, and utilization activities;

¢ Computing energy prices for all energy activities (each link of the
energy network);

¢ Passing relevant data to the LOAD, ELECTRIC, and IMPACTS
Modules.

Data are passed to the FORTRAN program through a series of forms with which
you may view, define, change, delete, or add data on up to several dozen records of
various types. Special function keys are used to manipulate and display records. On
some forms, you can move forward or backward through all records associated with that
form. By using a combination of the special function keys, you can quickly display any of
the available records. You can then use the standard cursor-control functions and keys
(as discussed in the Introduction in the front of this volume) to change the data in the
displayed record. In most cases, once you change data records, the data will be copied to
a temporary file and subsequently can be permanently saved.
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5.2 Structure

The following diagram (Fig. 5.10) illustrates the relationships among the
various menus and forms used in this module. The numbers outside the boxes
indicate the keystroke that you must enter or the option you must select to
advance to a particular form or carry out a specific function when more than
one option is available.
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5.3 Forms

This section describes the 44 menus and forms used in the BALANCE
Module. The forms guide you through the module hierarchy and provide
access to the various data forms that allow you to view and modify technical
information associated with the IDES model. You should note that on many
of the forms you will encounter in the BALANCE Module you are allowed to
view, change, delete, or add data on up to several dozen process records of
various types. In many cases, basic concepts and definitions needed to
understand a form are discussed in the Background section following the
listing of options and data fields for that form. You should review those
Background sections before you execute this module, and you may refer to
them again when using each form.
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§5.3.1 Menu B001 — Introduction to BALANCE

ENPEP Module: BALANCE Planning Study: (B0O1)

Introduction to BALANCE

VERSION 1.0

Function

1. Module description

2. Execute the module

Function Selection:

Press "F1" for HELP, "Esc" to QUIT, or "F10" to CONTINUE.

Purpose

Menu B001 is the introductory menu for the BALANCE Module. It allows you
either to view an abstract describing the module or to begin execution of the
module. You advanced to this menu by selecting to execute the BALANCE
Module while in Menu X003 of the EXECUTIVE Module.

»

Options
i 6 Select this option to view an abstract describing the BALANCE
Module. You will be placed in the ENPEP Paging Routine and you will

be able to move from page to page in the abstract.

2 Select this option to begin execution of the BALANCE Module. You
will advance to Form B002.

F10 Press this key to continue after you select an option.

F1 Press this key to obtain on-line help. (See the Introduction in the front
of this volume for information on the on-line help available in ENPEP.)

Esc Press this key to return to Menu X003 in the EXECUTIVE Module.
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5.3.2 Form B002 — Selecting a Case Code

(B002)
ENPEP Module: BALANCE Planning Study:
Selecting a Case Code
Last
Case
Case
S Update
Code Case Description Status P
Case Selection: Input a case code from those listed above,
or enter a new case to be created.
Press "F1" for HELP, "F7" to BACK UP A CASE, "F8" to RESTORE A CASE,
"F9" to DELETE A CASE, "Esc" to QUIT, or "F10" to CONTINUE.

Purpose

This form allows you to select a case (identified by a three-digit case code)
that contains data needed to execute this module. You also can perform a
number of data management and maintenance operations from this form.
You advanced to this form by selecting option 2 in Menu B001. Four items of
information for each case associated with your previously selected planning
study are displayed on this form: a case code, a case description, a status
variable indicating whether the case is complete or incomplete, and a date
indicating the last time the specific case was modified.

Options

. To select an existing case, enter a case code from those displayed on
the screen and press F10. You will be prompted to identify the disk
drive (such as A, B, or C) on which the data are stored. The data files
for the case you have selected will be copied into the C:\BALANCE\
working subdirectory and you will advance to Menu B003. (If you enter
a case number that does not exist, it is assumed that you wish to create
a new case, as discussed below.)

. To create a new case, enter a nonexistent case number and press F10.
You will then be prompted to enter the case code (from those displayed
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on the screen) to be copied to your new case. Next you will be
prompted to enter a description (of up to 40 characters) of the new case
and to identify the planning study disk (such as A, B, or C) on which the
new case should be stored. (Note that BALANCE will not create a
planning study subdirectory on the destination disk; such a subdirectory
must be created with the ENPEP INSTALL utility, or you must create it
with the DOS MD \plan\ command.) You may abandon the attempt to
create a new case at any time by pressing Ese. When you have entered
all the requested information, the files will be stored and you will
advance to Form B003.

. To back up a case, enter the case code (it must be an existing case) and
press F7. You will then be prompted to verify the funetion by pressing
F10. Next you will be prompted to specify the disk drive on which the
case data are stored and the disk drive onto which you wish the data to
be backed up. When you have completed these steps, the EXECUTIVE
Module will automatically create a file containing data dictionary
variables associated with the case and will back up that file and all
other data files associated with the case onto the disk you specified.
(When the function is complete, be sure to properly label the disk that
contains the backedup case.) Additional information on the backup
option is provided in the Background section below.

. To restore a case, enter the case code that has been previously backed
up and press F8. The case you select must not be already displayed on
this form. You will be prompted to enter the identity of the disk drive
onto which the data are to be restored and the identity of the disk drive
from which the data are to be obtained.

»

. To delete a case, enter the three-digit case code and press F9. You will
then be prompted to reenter the case code to verify your initial
selection, and finally you will be asked to enter the identity of the disk
drive (such as A, B, or C) that contains the BALANCE data for the
current planning study. Unless you press Esc in response to these
prompts, all files for this case (and all other relevant Data Dictionary
variables) will be deleted.

. Press F1 to obtain on-line help.

. Press Ese to return to Menu B002.

Background

Two DOS files are created when the backup function is selected in
Form B002: DEFIN.BCK and BSTAT.BCK. These files, as well as all data
files on the source disk associated with a case, are backed up onto the



BALANCE Module / Forms 5.3-6

destination disk using the DOS utility BACKUP. The destination files do not
contain the name of the source (planning study) subdirectory because of the
use of the SUBST command available in DOS 3.1. This command allows
ENPEP to avoid tagging backedup cases with a planning study subdirectory
name that would prevent you from restoring cases from one planning study to

another.
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’ 5.3.3 Menu B003 — Selecting a Major BALANCE Module Function

ENPEP Module: BALANCE Planning Study: Case: (B003)

Selecting a Major BALANCE Module Function

Last
Major BALANCE Function Status Update

1. View or change network information
2. Execute model using existing network
3. View model output

(a) 4. Save selected data sets

Function Selection: (1-4, from above list)

(a) Option 4 should be run BEFORE you press "Esc" to exit this form.

Press "F1" for HELP, "Esc" to QUIT, or "F10" to CONTINUE.

. Purpose

Menu B003 allows you to branch to the various functions that are available in
the BALANCE Module. You advanced to this menu after selecting a case to
execute in Form B002. You can perform the following functions in this menu:
(1) view or change the BALANCE network and all associated input data,
(2) execute the BALANCE FORTRAN program, which uses the network input
data and produces several output files, (3) view the output files produced by
the BALANCE FORTRAN program, and (4) save the temporary data files,
originally copied from your planning subdirectory to C:\BALANCE), back to
your planning subdirectory.

Options
| Select this option to view or change network information (the types of

information available to you are listed below in the Background
section). You will advance to Menu B004.

Select this option to execute the BALANCE FORTRAN program using
the existing network. You will advance to Form B300. (In Form B300,
you will be prompted to enter several additional data items. When that
information is complete, BALANCE will format all required data for
’ the IDES FORTRAN program, and the program will begin execution.
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will
After execution is complete, you will be returned to Menu B003 and

be able to view the program's output by selecting option 3 below.)
rated by the BALANCE

3 Select this option to view the output files gene
FORTRAN simulation program. You will advance to Form B400. After
viewing the output, you will be returned to Menu B003.

4 Select this option to save any data files you have changed. X;ou w;ll
advance to Form B500 to carry out this task, and then return ! o
Menu B003. (If you do not use this option, any changes you make while
in this menu will be lost when you press Ese.)

F10 Press this key to continue after you select an option.

F1 Press this key to obtain on-line help.

Ese Press this key to exit Menu B003 and return to Form B002. (Note: If
you select this option, data changes not saved under option 4 above will
be lost.)

Background

All data that can be entered into the BALANCE FORTRAN program can be
viewed or changed by selecting option 1 on Menu B003. The types of data
include: (1) FORTRAN run control information, (2) network information for
the electric and nonelectric sectors, including ELECTRIC Module interface
information, (3) output-writer control information, (4) special time-dependent
events for the FORTRAN program, (5) node-call sequences for the FORTRAN
program's up-pass and down-pass algorithms, and (6) IMPACTS Module
interface information.



T o v s o 5.3-9 August 1987

' 5.3.4 Menu B004 — Viewing, Changing, or Adding Network Information
ENPEP Module: BALANCE Planning Study: Case: (B004)
Viewing, Changing or Adding Network Information
Last
Type of Data to be Viewed or Changed Status Update
1. Run-control
2. Energy network (excluding electric)
3. Electric sector
4. Output-writer options
5. Events & node call sequence
6. IMPACTS Module interface data
Type of data to be viewed, modified or added: (1-6, from above list)
Press "F1" for HELP, "Esc" to QUIT, or "F10" to CONTINUE.

’
From Menu B004 you can branch to functions that enable you to view, change,

delete, or add to the six categories of data needed by the IDES FORTRAN
program. You advanced to this menu by selecting option 1 in Menu B003.

»

Options

1 Select this option to view or change run-control data. (These data
include the base year of the study, number of years in the study period,
and iteration and convergence parameters. These data also affect the
level of output printed during the IDES FORTRAN execution.) You will
advance to Menu B010.

2 Select this option to view or change the network data for nonelectric
sectors. (These data consist of information on the nodes and links in the
nonelectric sectors of the energy network.) You will advance to
Menu B020.

Select this option to view or change data associated with the electric
generation submodel of the FORTRAN program. (These data include
FORTRAN output control options, information from the PLANTDATA
. Module, information for electric unit conversions, and data for
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F10
F1

Ese

interfacing to ENPEP's ELECTRIC Module.) You will advance to

Menu B030.
Select this option to view or change the input data for the FORTRAN

program's output writer. (The output writer produces a s!lort summary
of the main results of the FORTRAN simulation.) You will advance to

Form B040.

Select this option to view or change special events data, as well as up-
pass and down-pass data. (Special events data include such things as
conservation-related boiler efficiency changes that will be simulated in
specific years by the FORTRAN program. The other types of data

accessible from here affect the up-pass [price calculations] and down-
pass [quantity calculations] of the FORTRAN simulation algorithm.)

You will advance to Menu B050.

Select this option to interface with ENPEP's IMPACTS Module. You
will advance to Form B060.

Press this key to continue after you select an option.
Press this key to obtain on-line help.

Press this key to return to Menu B003.
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5.3.5 Menu B010 — Viewing or Changing Basic Run Control Data

ENPEP Module: BALANCE Planning Study: Case: (B010)

Viewing or Changing Basic Run Control Data

You can now access basic program parameters and run control data.

Last
Option Status Update
1. Basic program parameters
2. Output codes and scaling factors
Type of data to be accessed: (1 or 2, from above list)

Press "F1" for HELP, "Esc" to QUIT, or "F10" to CONTINUE.

Purpose

Menu B010 allows you to view or change basic program parameters and output
codes and scaling factors used by the FORTRAN simulation program. You
advanced to this menu by selecting option 1 in Menu B004.

Options

1 Select this option to view, change, or add program parameters such as
convergence errors, echo flags, relaxation ranges, and the base year and
number of years in the simulation. You will advance to Form B011.

Select this option to view or change output codes and scaling factors.
You will advance to Form B012.

F10 Press this key to continue after you select an option.
F1 Press this key to obtain on-line help.

Ese Press this key to return to Menu B004.
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5.3.6 Form B011 — Viewing or Changing Basic Program Parameters

ENPEP Module: BALANCE Planning Study:

Case:

(BO11)

Viewing or Changing Basic Program pParameters

Run Identifier:

Date:

Enter a 5-line description for this test case:

Run Name:

Base year:

Years in this study:
Relative convergence tolerance:
Absolute convergence tolerance:
Maximum iterations:
Write echo of input data (nonelectric):
Write final price and quantity summary:
Lower bound relaxation range:
Upper bound relaxation range:

(1-30) ¢
(fraction)
(1000 BOE)
(1-100)
(0=YES, 1=NO)
(0=YES, 1=NO)

Press "F1" for HELP, "Esc" to QUIT,

or "F10" to CONTINUE.

Purpose

Form B011 contains the first half of the run control data and allows you to
change the basic bookkeeping and technical input parameters used by the
IDES FORTRAN simulation program. You advanced to this form by selecting
option 1 of Menu B010. There are a number of data fields on Form B011, and
you can position the cursor to any of them by using the standard ENPEP
cursor-control keys. Additional run control data are presented on Form B012.

Options

. View or change the values in the data fields described below by using
standard cursor-control functions.

. Press F10 to save the changed values and return to Menu B010.

. Press Esc to return to Menu B010 without saving any changes you have

made.

. Press F1 to obtain on-line help.
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. Data Fields

Run Identifier: This field contains an eight-character string that can be used
to identify the current simulation. It is not used by the IDES FORTRAN
simulation; it is simply printed in the output reports.

Date: This field contains the current date. It is printed in the output reports.

Run Name: This field, 23 characters long, is similar to the run identifier
above. It is printed in the output reports.

Description: There are five fields, each of 76 characters, that can be used to
briefly describe the current simulation. It is printed in the output reports.

Base-year: This field contains the initial year (such as 1991) of the simulation
period.

Years in This Study: This field contains a two-digit integer representing the
length (in years) of the simulation period. The length includes the base year.
For example, if the model is to be run for the period that starts at the
beginning of 1991 and ends at the end of 2010, this value should be 20.

Relative Convergence Tolerance: This field contains a decimal fraction (1%

. should be entered as .01) representing the allowable convergence tolerance.
If the relative convergence error is less than the value entered, the system is
said to be converged for that particular year. The model then advances to
the next year and resumes the iteration process.

Absolute Convergence Tolerance: This field cofitains an integer representing
the convergence tolerance in terms of absolute energy flow units, such as
thousands of barrels-oil-equivalent (10° BOE). If the convergence error is
less than the amount entered, the system is said to be converged for that
particular year, and the model advances to the next year and resumes the
iteration process.

Maximum Iterations: This field contains a three-digit integer representing
the maximum number of iterations allowed for model convergence in a single
year. If the system is not converged in a particular year after having
performed the maximum iterations, the model terminates and a message to
that effect is displayed.

Write Echo of Input Data (nonelectric): This field is used as a flag to indicate
if you want nonelectric data printed in the output file DATA.OUT. If you do
want the data printed, set the flag at 0. If you do not want it printed, set the
flag at 1.
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: . ' i - is field is used as a flag to
Write Final Price and Quantity Summary: This ot -

indicate whether you want the final price and quantity summary i) b
the output file TIME.OUT. If you set the flag at 0, the summary
printed; if you set it at 1, the summary will not be printed.

This field is a five-place value representing

Lower Bound Relaxation Range: it usially, Waotlr I

the lower bound on the iteration relaxation parameter. . - .
set at 0.1. This parameter indicates the fraction of the interval betwee

successive estimates of the equilibrium quantity that will be t.xsed as a lower
bound for the estimate of the equilibrium quantity on the next iteration.

Upper Bound Relaxation Range: This field contains a five-place value
representing the upper bound of the iteration relaxation parameter. It. usually
should be set at 0.9. This parameter indicates the fraction of the interval
between successive estimates of the equilibrium quantity that will be used as
an upper bound for the estimates of the equilibrium quantity on the next

iteration.

Background

When the information on this form is saved, you must indicate whether that
information is complete or if it is incomplete and you intend to return and
complete it later. Before the FORTRAN program's input data file is created
from all the information on all the forms, BALANCE verifies that this
information is complete. If any data needed by the FORTRAN program are
incomplete, the program will not be run and an appropriate message will be
displayed on your sereen.
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5.3.7 Form B012 — Viewing or Changing Output Codes and Scaling Parameters

ENPEP Module: BALANCE Planning Study: Case: (B012)

Viewing or Changing Output Codes and Scaling Parameters

Output Code for (enter: l=output, 0=no output)
Final Prices 123456789 13 3L 5578 9 123456789
and Quantities: . § ¢

(enter: 2=output for converged iteration only
Output Code for 1=output for specified iterations, 0=no output)
Price and Quantity 1 2 34 56 7 8 9 a2 456789 1.2 .3:.45 58789
Calculations:

T v Ao 6% Bos laNEEL G 10 I1C.12 - 1318 -8
First Iteration:

Last Iteration:

Scaling Factor Unit Label
Quantity:
Price:

Press "F1" for HELP, "Esc" to QUIT, or "F10" to CONTINUE.

Purpose

Form B012 contains the second half of the run control data (the first half
being in Form B011). You advanced to this form by selecting option 2 of
Menu B010. On this form you can change several basic technical parameters
used by the IDES FORTRAN simulation program. These include output codes
and scaling parameters.

Options

. View or change the values in the data fields described below using
standard cursor-control keys.

. Press F10 to save the changed values. You will be prompted to indicate
if the information on the form is complete and ready for insertion into
the FORTRAN input file. To affirm this, press F10 again, otherwise
press Esc. In either case, you will return to Menu B010.

. Press Esc to return'to Menu B010 without saving any changes you have
made. (Pressing Ese will not alter the completeness or incompleteness
of the previous data.)

. Press F1 to obtain on-line help.
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Data Fields

¢ to
Output Code for Final Prices and Quantities: These fields are l.JSedf:: ezgisous
indicate whether you wish to record the prices and qua"t’ft’eseach ot 2
years of the planning study. There is one field of; this type ors -t
the planning study. For a given year, output-writer results, '!111 e fadiii
prices and quantities computed on all links of the network, wi iy S
for eventual display if you set the output code for that year a .t e
information will not be stored if you set that code at 0. The file containing

this report is TIME.OUT.

Output Code for Price and Quantity Calculations: Tl.lese t'ifalds are used‘:s
flags to indicate whether you wish to record the detailed price and quant'l y
caleulations. There is one field of this type for each year.of the .plannfng
study. For a given year, detailed information calculated during the iteration
process is printed in SUM.OUT if you set the associated f)utput code at 1, but
is not printed if that code is 0. If an output code is 1, there must be
appropriate entries in the next two field types discussed below.

First Iteration: This field type is used to indicate the first algorithm
iteration for which detailed results of the price and quantity calculations are
to be output. This information must be entered for each year such results are
desired. For example, if you enter a 1 to indicate you want detailed results
of price and quantity calculations for the fifth year of the study in the
previous field type, you must also enter, in this field, the number of the first
iteration for which those results are to be printed. Similarly, you must enter
the last iteration for which those results are desired in the next field type
described below. These fields are not used if corresponding entries in the
previous field type are 0.

Last Iteration: This field is used to indicate the last algorithm iteration for
which detailed results of the price and quantity calculations are to be
output. This information must be entered for each year these results are
desired. For example, if you enter a 1 to indicate you want detailed results
of price and quantity calculations for the fifth year of the study in the field
Output Code for Price and Quantity Calculations (above), in this field you
must also enter the number of the last iteration for which those results are to
be printed. Similarly, you must enter the first iteration for which those
results are desired in the previous field type desecribed above. These fields
are not used if corresponding entries in the output field above are 0.

Scaling Factorfor Quantities: This field is used to indicate quantity scaling
factor on links of your network. Although all quantities must be entered in
thousands of BOE/year because of field width constraints, you can scale the
quantities displayed in your output report (in the TIME.OUT file) by this
factor. Unless you want to change the quantity units from thousands of
BOE/year, this field should be set at 1.
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Label for Final Quantity Units: This field is used to set the label for final
quantity units on links of your network. This label is printed in the output file
as a heading for the list of quantities on the network links. If the quantity
scaling factor in the previous field above is 1, the label in this field should be
1000 BOE/year.

Scaling Factor for Prices: This field is used to set the scaling factor on links
of your network. Although all prices must be entered in $U.S./BOE because
of field width constraints, you can scale the prices displayed in your output
report (in the TIME.OUT file) by this factor. Unless you want to change the
price units from $U.S./BOE, this field should be set to 1.

Label for Final Price Units: This field is used to set the label for the final
price units on links of your network. This label is printed in the output file as
a heading for the list of prices on the network links. If the price scaling
factor field above is 1, the label in this field should be $U.S./BOE.
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5.3.8 Menu B020 — Viewing or Changing Energy Network Data

: Case: (B020)
ENPEP Module: BALANCE Planning Study:
Viewing or Changing Energy Network Data
Last
Update
Type of Data to be Viewed or Changed status p

1. Depletable resource / import fuel process
2. Depletable resource price projections
3. Renewable resource process

4. Decision / allocation process

5. Conversion process

6. Multiple-input-link process

7. Demand process :

8. Demand growth projections

9. Multiple-output-link process

10. Stockpile

11. Price regqulation process

12. Capacitated links

i - - bove list)
e of data to be viewed, changed or added: (1-12, from a
o Press "F1" for HELP, "Esc" to QUIT, or "F10" to CONTINUE.

Purpose

Menu B020 allows you to view, change, or add 12 types of network and control
data used by the IDES FORTRAN simulation program. You advanced to this
menu by selecting option 2 on Menu B004. Data associated with the 12
options displayed here are labeled with a Complete/Incomplete status, as well
as with a date on which they were last changed.

Options

it Select this option to view or change depletable resources and import
fuel process data. You will advance to Form B021. The information
associated with each of these processes includes process number, name
and sector, link number, price projection set identifier, and information
on the supply curve, the base-year quantity, and an annual capacity.

2 Select this option to view or change depletable resource price
projection growth rates. You will advance to Form B022, where up to
30 growth rate sets can be defined.

3 Select this option to view or change renewable resources data. You will
advance to Form B023. You will have access to output link number,
production cost curve information, a base-year quantity, and an annual
capacity.
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Select this option to view or change decision and allocation process
data. You will advance to Form B024, which contains data on input and
output links, premium multipliers, stockpile information, base-year
splits, and pricing.

5 Select this option to view or change conversion process data. You will
advance to Form B025. Information on each of these processes includes
an input and output link, and technical characteristics such as
efficiency, capacity, capacity factor, and an interest rate fraction.

6 Select this option to view or change multiple-input-link process data.
You will advance to Form B026. Information on each of these processes
includes an input and output link, and technical characteristies such as
efficiency, capacity, capacity factor, and an interest rate fraction.

T Select this option to view or change energy demand process data. You
will advance to Form B027 and have access to all process data,
including process numbers and names, sector abbreviations, input links,
and demand growth projection set identifiers.

8 Select this option to view or change energy demand growth rate data.

You will be prompted to indicate whether you want to add new growth
rates from the DEMAND Module, or if you want to access the growth
rates already defined in BALANCE. If you choose to add new DEMAND
growth rates to those already existing in BALANCE, you must respond
to the prompt with the letter of the disk drive on which your desired
DEMAND case exists (such as A, B, or C) (do not press Enter after you
enter the disk drive letter). You will advance to Form B082 to select a
DEMAND Module case and hence to Form B028 to add new growth
rates. If you choose not to add any new DEMAND growth rates, you
must respond to the original prompt by pressing Ese. You will advance
to Form B088 and be able to change growth rates already defined in
your BALANCE case. The data associated with each of the 30 demand
growth rate sets include a projection set identifier and sector, as well
as the actual energy demand growth rates.

9 Select this option to view or change multiple-output-link (refinery)
process data. You will advance to Form B029 and be able to view, add,
delete or change such data as an input link, refinery slate information,
output links, price ratios, stockpile identification, and technical
characteristics for each process.

10  Select this option to view or change stockpile data. You will advance to
Form B02A, where you will have access to the stockpile number and
label, a sector, a link number, and the quantity removed in the base
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year, as well as the quantity remaining in the base year for each
stockpile.

Select this option to view or change price regulation data. You will
advance to Form B02B. Data related to each of these processes include
an input and output link, a price multiplier and additive factor, and an

adjusted price reference link.

Select this option to view or change information on capacitated links.
You will advance to Form B02C; such information as link numbers,
decision/allocation node numbers, and link capacities will be displayed.
Press this key to continue after you select an option.

Press this key to obtain on-line help.

Press this key to return to Menu B004.
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5.3.9 Form B021 — Viewing or Changing Depletable Resource and Import Fuel Process
Node Data

ENPEP Module: BALANCE Planning Study: Case: (B021)

Viewing or Changing Depletable Resource and Import Fuel Process Data

Process number: (1-30, or 0 to delete record)
Process name:
Sector abbreviation:

Output link number: (1-500)
Price projection set: (1-30)
Intercept of supply curve: $/BOE

. Slope of supply curve:
Quadratic Coefficient of supply curve:

Base-year quantity: 1000 BOE
Annual capacity limit: 1000 BOE/year
This is record of 30.

Press "F5" to GO BACK 25 RECORDS, "F6" to ADVANCE 25 RECORDS,

"F7" to GO BACK 5 RECORDS, "F8" to ADVANCE 5 RECORDS,
"F9" to GO BACK 1 RECORD, "F10" to ADVANCE 1 RECORD,"F1" for HELP,
"Esc" to IGNORE CHANGES AND QUIT , or "F4" to SAVE CHANGES AND EXIT.

Purpose

In Form B021 you are allowed to view, change, delete, or add up to
30 depletable resource or import fuel process records. You advanced to this
form by selecting option 1 in Menu B020. Deplegtable resource nodes are used
to model the domestic production and importation of depletable resources
such as crude oil, coal, and petroleum produects. The general options available
in this form are listed below, followed by a description of the data fields and
then, under Background, a general description of depletable resource data.

Options

. To view or change values in data fields described below on up to
30 records, use the standard cursor-control functions and the following
special record-manipulation functions: press F6 to advance 25 records,
F8 to advance 5 records, F10 to advance 1 record, F5 to go back 25
records, F7 to go back 5 records, and F9 to go back 1 record.

. To delete an existing record, advance to that record, then change the
process number to a 0. The records so designated will not be saved
when you press F4.
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° To add a new record, advance to an empty record ar};il Lhena:a’:;e;-v }::::
information required on the form. The new record will be s

you press F4.

. Press F4 to save changes and return to Menu B020.
° Press Ese to ignore changes and return to Menu B020.

° Press F1 to obtain on-line help.

Data Fields

Process Number: Valid values for this integer range from ltto 30, but you
may enter a 0 to indicate that the process record currently displayed on th.e
screen is not to be kept after you press F4 to save the data. If t.he recorfj is
deleted by entering a 0 for the process number, all other numeric t:lata field
values will be ignored. There is no required relationship between this process
number and the current record number displayed at the bottom of the screen.

Process Name: This 12-character name can contain any text that will help
you identify the current depletable resource process.

Sector Abbreviation: Use this three-character abbreviation to help you
identify the process.

Output Link Number: In this data field, an integer ranging from 1 to 500
must be entered for each depletable resource process. This is the number of
the output link for the process, as represented in the energy network. If the
current record has been deleted, this link number may be 0.

Price Projection Set: Each projection set must be identified with a number
from 1 to 30, and you must select one of the sets for each depletable resource
process. The actual price projection sets, defined in Form B022 when you
select option 2 on Menu B020, establish the values R4 used in the supply curve
equation described in Eq. 5.1 (see Background section below). A supply curve
that relates a price with a cumulative quantity of a resource must be
established for each renewable resource, and is defined by this and the other
parameters defined below.

Intercept of Supply Curve: This field represents the value of A(Q) for the
base year in Eq. 5.1. The units are $U.S./BOE.

Slope of the Supply Curve: This value is represented by the coefficient B in
Eq. 5.1.
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Quadratic Coefficient of the Supply Curve: This coefficient is the value C in
Eq. 5.1.

Base-year Quantity: This field represents the base-year energy flow for a
depletable resource.

Annual Capacity Limit: This field represents the annual capacity limit (in the
base year) of the energy flow from a depletable resource node. If no capacity
limit exists, this value should be set to a very large number, such as
100,000,000.

Background

By convention, a depletable resource node has a single output link and no
input links. Depletable resource nodes are used to model the domestic
production and/or importation of depletable resources such as crude oil, coal,
and petroleum products.

A single equation is associated with a depletable resource node. The equation
relates the cost (or price, depending upon the use of the resource node) of
producing or importing the resource to the total, cumulative (over all periods)
amount of the resource produced or imported. Effectively, the equation
represents a long-run supply curve for the resource (see Fig. 5.11). The price
of a depletable resource can be computed from the following equation:

Py=AQx(1+R)+BxQ+CxQ? (5.1)

where:
Pt = cost (price) of the resource in period t.
Q = quantity of the resource produced or imported in period t.

A(Q) = intercept of the supply curve for the resource after having
extracted a cumulative amount Q of the resource previous to
time t. This value is adjusted at the end of each year in the
simulation period based on the amount of the resource
produced or imported during the year. [The initial value of
A(Q) in the base year can be taken as the price of the resource
in the base year.]

Ry = growth rate in real terms of the cost (price) of the resource.
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B = slope of the supply curve for the resource.

C = a quadratic coefficient for the supply curve.

The base-year value of A(Q) and the values of B and C vary by resource and
are part of the data you enter in the model. To model the price projection of
an imported fuel, use Eq. 5.1 in the following way: (1) set A(Q) equal to the
price of the imported fuel in the base year; (2) set B = 0 and C = 0 to nullify
the effect of the amount of imported fuel on its price; and (3) provide the
annual growth rates for the imported fuel price projections as data entered in

the model.

Production A
Cost
($/BOE)

Py =A(Q) x (1+R,)
+ BQ, + CQ?

AQQ) x (1+Ry)

Annual Production Quantity in Year t
(103 BOE/yr)

FIGURE 5.11 Depletable Resource Supply Curve
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5.3.10 Form B022 — Viewing or Changing Depletable Resource Price Projections

ENPEP Module: BALANCE Planning Study: % Case: (B022)

Viewing or Changing Depletable Resource Price Projections

Projection set number: (1-30, or 0 to delete record)
Projection set name: :

Fractional Growth Rates
Between Successive Years

1 2 ) 4 5

This is record of 30.
Press "F5" to GO BACK 25 RECORDS, "F6" to ADVANCE 25 RECORDS,
"F7" to GO BACK 5 RECORDS, "F8" to ADVANCE 5 RECORDS,
"F9" to GO BACK 1 RECORD, "F10" to ADVANCE 1 RECORD,"F1" for HELP,
"Esc" to IGNORE CHANGES AND QUIT, or "F4" to SAVE CHANGES AND EXIT.

Purpose

Form B022 allows you to define projections of annual fuel price growth rates
for the depletable resource nodes you requested on Form B021. You advanced
to this form by selecting option 2 in Menu B020. As discussed above for
Form B021, the data you enter here define the yalues R; of Eq. 5.1 that are
used in computing the supply curve for a resource. Generally, Form B022 is
associated with imported fuels, the price growth rates (real escalation rates)
of which are usually taken from exogenous sources. You are allowed to
define up to 30 sets of growth rates using Form B022.

Options

. To view or change values in data fields deseribed below on up to
30 records, use the standard cursor-control keys and the following
special record-manipulation functions: press F6 to advance 25 records,
F8 to advance 5 records, F10 to advance 1 record, F5 to go back 25
records, F7 to go back 5 records, and F9 to go back 1 record.

. To delete an existing record, advance to that record, then change the
process number to 0. The records so designated will not be saved when
you press F4.
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. To add a new record, advance to an empty record ar}d then enter the
information required on the form. The new record will be saved when

you press F4.
. Press F4 to save changes and return to Menu B020.
. Press Ese to ignore changes and return to Menu B020.

. Press F1 to obtain on-line help.

Data Fields

Projection Set Number: This field contains a two-digit integer, which must
range from 1 to 30, used to identify the price projection growth rates for the
depletable resource nodes as described on Form B021 above. If a record is
deleted by entering a 0 for the projection set number, all other numeric input
fields for that record should also be 0. There is no required relationship
between this projection set number and the current record number displayed
at the bottom of the form.

Projection Set Name: This is a 16-character field in which you are able to
assign a price projection set name for each record in Form B022.

Real Escalation Rates between Successive Years: These fields are used for
the actual growth rates for each year of your current BALANCE planning
study. Each escalation rate must be specified as a decimal fraction (such as
0.05) rather than as a percentage (such as 5). You can leave the extra fields
blank if your planning study period is less than 30 years.
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5.3.11 Form B023 — Viewing or Changing Renewable Resource Node Process Data

ENPEP Module: BALANCE Planning Study: Case: i (B023)

Viewing or Changing Renewable Resource Process Data

Process number: (1-17)
Process name:
Sector abbreviation:
Output link number: (1-500)
Steps in production cost curve: (1-5)

Quantity and Cost of Production for Each Step in Production Cost Curve

Quantity: 1000 BOE
Price: $/BOE
Update resource curve: (1=YES, 0=NO)

Base-year quantity: 1000 BOE
Annual capacity: 1000 BOE
This is record of 17.

"F7" to GO BACK 5 RECORDS, "F8" to ADVANCE 5 RECORDS,
"F9" to GO BACK 1 RECORD, "F10" to ADVANCE 1 RECORD,"F1" for HELP,
"Esc" to IGNORE CHANGES AND QUIT , or "F4" to SAVE CHANGES AND EXIT.

-

Purpose

In Form B023 you are allowed to define up to 17 renewable resource or import
fuel process records. You advanced to this form by selecting option 3 in
Menu B020. Renewable resource nodes are used to model the domestic
production of renewable energy resources such as solar energy and biomass
residues. A general discussion of renewable resource data entered on this
form is provided under Background at the end of this section (following
presentation of the options available in this form and descriptions of the data
fields displayed).

Options

. To view or change values in data fields described below on up to
17 records, use the standard cursor-control functions and the following
special record-manipulation functions: press F8 to advance 5 records,
F10 to advance 1 record, F7 to go back 5 records, and F9 to go back 1
record.

. To delete an existing record, advance to that record, then change the
process number to 0. The records so designated will not be saved when
you press F4.
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advance to an empty record and then enter the

ew record
: ot E The new record will be saved when

information required on the form.
you press F4.

* Press F4 to save changes and return to Menu B020.

. Press Esc to ignore changes and return to Menu B020.

. Press F1 to obtain on-line help.

Data Fields

Process Number: This field contains an integer up to two digits used to
specify the process represented by the record. Valid values for this integer
range from 1 to 17, but you may enter a 0 to indicate that the process record
currently displayed on the screen is not to be kept after you save the data. If
the record is deleted by entering a 0 for the process number, all other
numeric data field values should also be 0. There is no required relationship
between this process number and the current record number displayed at the
bottom of the screen.

Process Name: This 12-character field can contain any name or text that will
help you identify the current process.

Sector Abbreviation: This field contains a three-character abbreviation to
help you identify each renewable resource process.

Output Link Number: An integer ranging from 1 to 500 must be entered in
this field for all renewable resource processes. This is the number of the
output link for the process, as represented in the energy network. If the
current record has been deleted, this link number may be 0.

Steps in Production Cost Curve: The number of steps (1 to 5) in the
production cost curve must be entered in this field. For each step you

indicate here, you must supply both a quantity and cost as described for the
next two field types.

Quantity of a Resource: This field must contain the resource quantity (in
thousands of BOE) for each step of the renewable resource supply curve. One
value must be entered for each step specified in the previous field.

Cost of. Resource Production: This field must contain the cost of resource
production (in $U.S./BOE) for each step of the renewable resource supply
curve. One value must be entered for eaeh step specified above.
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Update Resource Curve: This field serves as a flag to indicate whether the
production in each year should be subtracted from the production cost
function. Set this flag at 0 if the quantity should not be subtracted and at 1
if the value should be subtracted. This option allows you to specify that the
cost of production tracks the cumulative amount of the resource produced (as
with depletable resource nodes) as the model progresses from year to year. In
general, this flag should be set at 0 for renewable resources.

Base-year Quantity: This field displays the base-year quantity (in thousands
of BOE) of the renewable resource.

Annual Capacity: This field displays the annual production ecapacity (in
thousands of BOE) of the renewable resource. This value represents the
maximum quantity of the resource available in any year.

Background

By convention, a renewable resource node has a single output link and no
input links, just as a depletable resource node. Renewable resource nodes are
used to model the production of renewable energy resources such as solar
energy and biomass residues. Examples of renewable resource nodes include
solar energy in the household sector, sugar cane production in the sugar
sector, wood produced for fuel in the biomass sector, and agricultural
residues (such as coconut shells) in the biomass sector.

A step function is associated with a renewable resource node, as seen in
Fig. 5.12. The step function relates the cost (or price, depending upon the use
of the resource node) of producing the resource to the annual production of
that resource. Effectively, the step function represents an annual supply
curve. A resource node also models any physical limits on the annual
production of the resource. For example, the amount of solar insolation
determines an upper limit on the annual amount of solar energy that can be
used, or the amount of land devoted to wood production for energy needs
allows you to estimate an upper limit on annual wood production.

The form of the step function for a renewable resource node is:
= Cq if Q< Lg

= Cgif QysLy

Cyif Q <Ly

Cs if Qy < Lg
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FIGURE 5.12 Renewable Resource Supply Curve

where:
Pt = cost (price) of the resource in period t.
Qt = quantity of the resource produced in period t.
C =

j = cost of producing each unit of the resource from step i. (The
maximum number of steps is 5.)

|
1}

{ = amount of the resource for step i.

Generally, each step represents a different source of production for the
resource, and sources are ordered in terms of increasing costs. The following
example illustrates the use of a renewable resource node. Suppose that land
is to be devoted to growing trees to produce firewood. Each step of the step
function could represent a different section of land. The sections vary by soil
type, growing conditions, accessibility, and other factors that cause the cost
of producing wood to vary. The cost variance among sections can be captured
by the step function; the amount of the resource for each step would be the

annual production capacity of wood for the section to which the step
corresponds.
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Some resources, such as solar energy, are more appropriately modeled as
having only one step because the cost of using more solar energy (on a BOE
output basis) does not necessarily increase as more is used.

In some cases, the renewable resource model provides a better means of
modeling a depletable resource. Peat is such a case. This is because it is
more appropriate to represent the cost of peat production as a function of the
amount available as a step function (as in Eq. 5.2) rather than as a linear
function (as in Eq. 5.1). A special modification has been made to the
renewable resource node to model peat. You may specify that the cost of
production tracks the cumulative amount of the resource produced from the
base year (as in the case of a depletable resource node) as the model
progresses through the simulation period.
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5.3.12 Form B024 — Viewing or Changing Decision/Allocation Node Data

; i ¥ B024
ENPEP Module: BALANCE Planning Study: Case ( )

Viewing or Changing Decision/Allocation Node Data

Process number: (1-99)
Process name:
Sector abbreviation:

1 2 3 4 5 6 7 8 9 10
Input links:
Priority links:
Premium multipliers:
Output links:
Base-year splits: .
Stockpile number: (1-20 " X . 2 .
Grid/noggrid node: (0=not active, otherwise input link of electric grid)
Price sensitivity: (D~15) ;
Lag parameter: (1.0 = no lag, 0.0 = maximum lag)
This is record of 99.

RECORDS
Press "F5" to GO BACK 25 RECORDS, "F6" to ADVANCE 25 ’
"F7" to GO BACK 5 RECORDS, "F8" to ADVANCE 5 RECORDS,
"F9" to GO BACK 1 RECORD, "F10" to ADVANCE 1 RECORD,"F1" for HELP,
"Esc" to IGNORE CHANGES AND QUIT , or "F4" to SAVE CHANGES AND EXIT.

Purpose

In Form B024 you can define up to 99 decision or allocation node records.
You advanced to this form by selecting option 4 on Menu B020. Decision
nodes select the amounts of fuel to be supplied from alternative sources (the
input links of the node) at various points in the energy network and route the
energy to satisfy energy flow requirements of the output links of the node. A
general deseription of decision node data entered in Form B024 is provided
under Background at the end of this section (following a listing of the options
available and a description of the data fields displayed).

Options
. To view or change values in data fields deseribed below on up to 99
records, use the standard cursor-control functions and the following
special record-manipulation functions: press F6 to advance 25 records,
F8 to advance 5 records, F10 to advance 1 record, F5 to go back 25
records, F7 to go back 5 records, and F9 to go back 1 record.
. To delete an existing record, advance to that record, then change the

process number to 0. The records so designated will not be saved when
you press F4.
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. To add a new record, advance to an empty record and enter the
information required on the form. The new record will be saved when
you press F4.

. Press F4 to save changes and return to Menu B020.
. Press Ese to ignore changes and return to Menu B020.

. Press F1 to obtain on-line help.

Data Fields

Process Number: This field contains a two-digit integer used to identify the
process. Valid values for this integer range from 1 to 99, but you may enter a
0 to indicate that the record currently displayed on the secreen is not to be
saved after you press F4. If the record is deleted by entering a 0 for the
process number, all other numeric data field values for the record should also
be set at 0. There is no required relationship between this process number
and the current record number displayed at the bottom of the sereen.

Process Name: This field can contain a name or other text of up to 12
characters that will help you identify decision and allocation nodes.

Sector Abbreviation: This three-character field should contain an
abbreviation that will help you identify each process.

Input Links: This field contains input link numbers for a decision node. These
integers must range from 1 to 500, unless the current record is marked as
deleted by a 0 in the process number field at the top of the screen. If the
record is marked as deleted, these values should be 0.

Priority Links: This field contains numbers indicating the priority links for
decision nodes. Links should be listed in order of descending priority. They
allow you to model government regulations, as described in the Background
section. All link numbers are optional, but if they are specified they should
be input links to this node.

Premium Multipliers: These five-place values are used to multiply the prices
on the input links to the node to reflect premiums associated with a fuel not
reflected in its price. For example, even though electricity costs more than
kerosene, people generally prefer to use electrie lighting. The price premium
multiplier would be used to reduce the relative price of electricity to reflect
the preference for it over kerosene. If no price premium is associated with
an input link, you must use a value of 1.0 in the appropriate field.
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Output Links: This field contains numbers representing the output links for
an allocation node. These integers must range from 1 to 500, }mless the
current record is marked as deleted by a 0 in the process number field at the
top of the screen. If the record is marked as deleted, these values also should
be set at 0. For each output link you supply here,.you also m\..lst supply a
corresponding base-year energy fraction as described in the next field.

Base-year Splits: The values displayed in this field. represent decimal
fractions of base-year energy flowing through an allocation node. For each
output link, you must also supply a fraction in these fields. For example, a
value of 0.52 in one of these 5-place fields indicates that 52% of the base-
year energy flow through the allocation node will be allocated to the

associated output link.

Stockpile Number: This field contains an integer representing the stockpile
number that will be associated with the decision node. This integer may
range from 1 to 20, unless the node is marked as deleted. The significance of
a stockpile is deseribed below under Background.

Grid/Nongrid Node: This field is used as a flag to indicate whether the
electric grid allocation feature should be used for the current record. If you
enter a link number between 1 and 500 in this field, any excess supply
capacity will be allocated to that grid link number. That link must be the link
for grid-supplied electricity. If the value you supply in this field is 0, the
electric grid allocation feature will not be used for the current record.

Price Sensitivity: This field contains a value representing the price
sensitivity parameter. This five-place value must range from 0 to 15. A
value of 15 is the maximum price sensitivity and will simulate selection of
input from the least-cost source. A value of 0 implies there is no price
sensitivity during input selection.

Lag Parameter: This field contains a five-place value ranging from 0 to 1. A
value of 1 indicates that there is no lag, and shares respond immediately to
current prices. A value of 0 indicates no response to prices; base-year shares
will be maintained throughout the study period. Therefore, smaller values for
the lag parameter indicate a relatively slow response of shares to prices, and
values close to 1 indicate a relatively fast response of shares to prices.

Background

By convention, a decision node has one or more input links and one or more
output links. Decision nodes select the amounts of fuel to be supplied from
alternative sources (the input links of.the node) at various points in the
energy network, and route the energy to satisfy energy flow requirements of
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the output links of the node. Price and quantity equations are associated with
a decision node. The quantity equation equates the total energy flow on the
output links of the node to the total energy flow on the input links to the
node; energy flow is conserved at a decision node. The price equation relates
the prices of the fuels on the input links of the node to the price of fuel on
the output links of the node. In addition, several other equations indicate the
shares of fuel selected from the input links to the node. Shares are based on
the relative prices of fuel from the alternative sources, capacity limits on the
supply sources, and government policies. It should be noted that one of the
features of the decision node algorithm is that energy requirements may be
met by selecting fuels from several supply sources simultaneously rather than
from a single source, as would be the case if fuel choice were based strictly
on least cost. However, the decision node parameters can also be specified so
the node selects fuel only from the least-cost source.

Decision nodes are positioned in the energy network to indicate the points at
which fuel choices are made from alternative supply sources. Examples of
decision nodes include (1) petroleum products from refineries and foreign
sources in the oil sector; (2) charcoal produced from wood and agricultural
residues in the distribution sector; (3) auto-travel demand met by gasoline and
diesel autos in the transport sector; (4) cooking heat requirements satisfied by
charcoal, kerosene, wood, electricity, and LPG in the household sector; and
(5) on-site generation and grid-produced electricity in the other-industry
sector.

Given the quantity of energy required on each output link of a decision node,
the quantity equation equates the total energy flow into the node to the total
energy flow out of the node:

Qu=y iR (5.3)
oel
where:
Q = total quantity on all input links of the decision node,

quantity on output link o of the decision node, and

W

L = set of output links of the decision node.
If a decision node has a stockpile node associated with it, as large a quantity
as possible is taken from the stockpile to supply the quantity demanded on the
output links of the decision node. The remaining quantity, the quantity not
satisfied by the stockpile reserves, is referred to as the net output quantity
and is met by sources that are input links to the decision node. The quantity
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on any input link i of a decision node is the product of the. net’ ou'tput quantity
and the share allocated to source i, as the following equation indicates:

Q= NQ xS (5.4)
where:
Q; = quantity on input link i,

NQ = net output quantity of the decision node. The value of NQ is the
sum of the quantities on all output links minus the amount in the
stockpile, if this value is greater than zero. Otherwise, NQ is

assigned a value of 0.

S. = fraction (share) of input quantity allocated to input
link i (0 < Si < 1)

The share S; is in general a function of the relative prices on the input links
of the decision node. A higher price on an input link results in a smaller share
of the quantity allocated to the input link. The share for an input link is
given by the formula

n
s, = /e ] (/e : (5.5)
j=1
where:
P; = price on input link i,
Pj = price on input link j,
n = number of input links to the decision node, and

r = price sensitivity parameter (provided by user).

Note that Eq. 5.5 ensures that all shares are between 0 and 1, and that shares
on all input links sum to 1.

The price allocation formula, Eq. 5.5, is motivated by the empirical
observation that all demand is not necessarily allocated to the least-cost
sourcfe of supply. Rather, the allocation formula models the more general
case in which shares depend on relative ‘prices, with the more costly sources
receiving relatively smaller shares. Nonprice factors often enter into con-
sumption decisions, resulting in a skewed distribution of consumption based on
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prices. A theoretical justification for the price allocation formula can be
found in the energy modeling literature.

The price sensitivity parameter, r in Eq. 5.5, determines the degree to which
differences in relative prices result in differences in market share. A value
of 0 for r is an extreme case and indicates the least degree of share
sensitivity to prices. A large value for r, such as 15, indicates a high degree
of share sensitivity to relative prices and approximates a situation in which
100% of the quantity is allocated to the single source having the lowest
price. Thus, by varying the value of r, the complete range of share-
sensitivity cases can be modeled, including the case in which 100% of the
quantity is allocated to the least-cost source. In general, you should analyze
recent historical price and quantity data to determine a reasonable value for
the price sensitivity parameter at each of the decision nodes located
throughout the energy network.

The decision node has several other features that are used to model situations
in which quantity shares do not respond instantly and unimpeded to changes in
relative prices alone. These features include lagged adjustment of shares to
changes in relative prices, whether physical capacities exist on input links,
and government policies that result in the allocation of quantities to sources
of supply without regard to relative prices. A lagged adjustment parameter is
included in the decision node submodel to represent the lag that often occurs
between a change in relative prices and an observed change in the shares of
the sources of supply. You may use a parameter for each decision node to
indicate the weighting given to the shares implied by the current-year prices
versus the shares that were used in the previous year.

In some cases, the quantity computed by Egs. 5.3-5.5 for an input link to a
decision node may exceed the supply capacity of that source. In such a case,
the quantity allocated to the source is set equal to its capacity, and the
excess supply is reallocated to the remaining input links of the decision
node. If several supply sources have capacity constraints, this procedure is
repeated until the entire net output quantity has been allocated to the
sources.

Government policies may exist that override allocation decisions based
strictly on relative fuel prices. To model this situation, the decision node
submodel can allocate a demand quantity to sources (input links) in a
specified order. This priority allocation scheme is done without regard to the
relative prices on the input links. You can specify this option through the
data entered in the Priority Links field, as discussed above in the Data Fields
section. A quantity is allocated to an input link up to the capacity of the
source, if a capacity exists. This procedure is repeated until the entire net
output quantity has been allocated to all input links.
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An additional option for a decision node is to use it as a source of electricity
to the electrical grid if an excess supply of electricity exists at a
decentralized source of electric power generation. If a decision node has at
least two input links, one link being central station electric power generation
and the other being a decentralized source of electricity generation (such as
an on-site diesel electric generator in the other-industry sector), this option
may be used. If this option is specified, electricity demand will first be
allocated to the sources based on either relative prices or priority allocation
(whichever option you have specified). If the capacity specified for the
decentralized source has not been exceeded, but the price of electricity from
the decentralized source is less than the price of electricity from the grid,
the decentralized source is assumed to produce at its full capacity. The
excess power is routed through the decision node as a negative quantity and
assigned to the grid link. This effectively reduces the demand for central
station electricity in other parts of the energy network.

The price assigned to the output links of a decision node is equal to the
average price of the inputs to the node, excluding the inputs from
stockpiles. The output price is computed from the following:

n
P ab AR 8 (5.6)
i=1
where:
Po = price assigned to output links of decision node,
P; = price on input link i, and
S; = share of net output quantity allocated to input link i.
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5.3.13 Form B025 — Viewing or Changing Conversion Process Data

ENPEP Module: BALANCE Planning Study: Case: (B025)

Viewing or Changing Conversion Process Data

Process number: (1=135)
Process name:
Sector abbreviation:

Input link: (1-500)
Output link: (1-500)
Operating & maintenance cost: $/BOE
Efficiency (output/input ratio):
Total capital investment: 1000 $
Capacity of a single plant: 1000 BOE/year
Capacity factor: (0-1)
Life expectancy of plant: years
Interest rate fraction:
Capacity of all plants: ... 1000 BOE/year
This is record of 135.

Press "F5" to GO BACK 25 RECORDS, "Fé6" to ADVANCE 25 RECORDS,
"F7" to GO BACK 5 RECORDS, "F8" to ADVANCE 5 RECORDS,
"F9" to GO BACK 1 RECORD, "F10" to ADVANCE 1 RECORD, "F1" for HELP,
"Esc" to IGNORE CHANGES AND QUIT, or "F4" to SAVE CHANGES AND EXIT.

Purpose

On Form B025 you are allowed to define up to 135 conversion process
records. You advanced to this form by selecting option 5 on Menu B020. In
this case, the conversions involve (1) transforming the quantity of the input
(usually an energy form) into a quantity of output product (also usually an
energy form) and (2) adding to the price of the input the additional value
resulting from the process conducted. A general discussion of the conversion
processes is provided under Background at the end of this section (following a
list of the options available from this form and a description of the data
fields displayed).

Options

. To view or change values in data fields described below on up to 135
records, use the standard cursor-control functions and the following
special record-manipulation functions: press F6 to advance 25 records,
F8 to advance 5 records, F10 to advance 1 record, F5 to go back 25
records, F7 to go back 5 records, and F9 to go back 1 record.

. To delete an existing record, advance to that record, then change the
process number to a 0. The records so designated will not be saved
when you press F4.




BALANCE Module / Forms 5.3-40

L To add a new record, advance to an empty recor'd and ent:,r rtlh:
information required on the form. The new record will be saved whe

you press F4.
C Press F4 to save changes and return to Menu B020.
. Press Ese to ignore changes and return to Menu B020.

. Press F1 to obtain on-line help.

Data Fields

Process Number: This field contains an integer of up to three digits?. Yalid
values for this integer range from 1 to 135, but you may enter a 0 to indicate
that the process record currently displayed on the screen is not to be saved.
If the record is deleted by entering a 0 for the process number, all other
numeric data field values should be set at 0. There is no required relationship
between this process number and the current record number displayed at the

bottom of the screen.

Process Name: This 12-character field can contain any name or text that will
help you identify conversion nodes.

Sector Abbreviation: This field should contain a three-character abbreviation
to help you identify each process.

Input Link: This field must contain an integer of up to three digits. The value
must range from 1 to 500, unless the current record is marked as deleted by a
0 in the process number field at the top of the screen. If the record is
marked as deleted, this link number should be 0 also.

Output Link: This field also must contain an integer of up to three digits with
a value from 1 to 500. However, if the current record is marked as deleted
by a 0 in the process number field at the top of the screen, this link number
should be 0 also.

Operating and Maintenance Cost: This field contains the annual operating
and maintenance cost ($U.S./BOE of output) associated with the conversion
node. The amount entered in this field should not inelude the costs of fuels

used in the process. If the current process is marked as deleted, this field
should be set at 0.

Efficiency: This field contains the ratio of output to input flows for a
conversion node. If both the input and output quantities are in energy units,
this five-place value represents the thermal efficiency of the conversion
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process, otherwise the value may be greater than 1. If the current process is
marked as deleted, this value should be 0.

Total Capital Investment: This field contains the total capital investment (in
thousands of $U.S.) of a conversion process. If the current process is marked
as deleted, this value should be 0.

Capacity of a Single Plant: This field contains the nameplate annual output
capacity (in thousands of BOE/year) of a representative process for the
current conversion node displayed on your screen. If the current process is
marked as deleted, this value should be 0.

Capacity Factor: This field contains the capacity factor of a representative
process for the current conversion node. This five-place fractional value
should range from 0 to 1, and should be set at 0 if the current process is
marked as deleted with a 0 in the process number field.

Life Expectancy of Plant: This field contains an integer expressing the life
expectancy (in years) of a representative conversion process. This two-digit
integer must be greater than 0 unless the current process is marked as
deleted.

Interest Rate Fraction: This field contains the annual interest rate used for
amortizing the capital cost of a conversion process. It is expressed as a
five-place decimal fraction. For example, a value of 0.10 represents an
annual interest rate of 10%. If the process is marked as deleted, this value
should be 0.

Capacity of All Plants: This field contains the tetal annual output capacity
(in thousands of BOE/year) of all plants associated with the conversion
process. A 10-place value can be entered. A value of 0 should be entered if
the current process is marked as deleted.

Background

By convention, a conversion node has a single input link and a single output
link. Two equations are associated with a conversion node: a quantity
equation and a price equation. The quantity equation represents the
transformation of the input (usually an energy form) to the output product
(also usually an energy form). The price equation represents the value added
to the price of the input due to the process. Examples of conversion nodes
include (1) fuel oil kiln in the cement sector (input = fuel oil, output = heat);
(2) gasoline automobile in the transport sector (input = gasoline,
output = vehicle-miles traveled); (3) fuel oil boilers in the sugar sector
(input = fuel oil, output = steam); (4) peat-fired steam turbine units in the
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electric sector (input = peat, output = electricity); (5) coal pt.)rt' fac'ility'in the
coal sector (input = coal, output = coal), and (6) ethanol distillation in the
biomass sector (input = sugar juice, output = ethanol).

The following example illustrates the quantity and ?ric? equations for an
ethanol distillation process that transforms sugar juice into ?tflanc.al. The
quantity of ethanol output is related to the quantity of surgar juice input by

the following equation:

Qe = Qjxf 5.7)

where:

Qg = quantity of ethanol output,

Q]- quantity of sugar juice input, and

f

quantity of ethanol output from a single unit of sugar juice input
(efficiency).

The basic assumption in developing the price equation for the conversion node
is that the annual revenue obtained from the output of the process equals the
annual costs of the sugar juice and the processing operations. The equation
relating annual revenue and cost is:
Qe 0 Pe = Q] x Pj + OM x Qe + TCI x CRF(i,n) (5.8)
(Revenue) = (Cost)

where:

o
I

= price of ethanol.

-l
I

= price of sugar juice.

OM = operating and maintenance cost of distillation process.
(This cost exeludes the costs of the sugar juice feedstock;
the sugar juice cost is accounted for in term Qj X Pj.)

TCI = total capital cost of a representative distillation process or
plant.
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CRF(i,n) = capital recovery factor that amortizes the capital cost
over the life of the process, n, at annual interest rate i.

If both sides of Eq. 5.8 are divided by Qes f is substituted for Qe /Q and the
process is assumed to operate near its annual rated output capacxty, then the
following equation is obtained relating the required ethanol price to the sugar
juice price and processing costs:

Pe = Pj / £+ OM + [TCI / (CAP x CF)] x CRF(i,n) (5.9)
where:
CAP =

annual maximum rated output capacity of a representative plant,
and *

CF = capacity factor for a representative plant (indicating the
fraction of the time the plant operates over a one-year period).

Equations 5.8 and 5.9 are used to compute the output quantity and price,
respectively, for a conversion node.

The capital recovery factor, CRF(i, n), for amortizing the capital cost of a

process over a fixed number of discrete time intervals is computed from the
following standard equation:

CFR(,n) =ix (1 + D) /[ +D)"-1] » (5.10)
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5.3.14 Form B026 — Viewing or Changing Multiple-Input-Link Conversion Process Data

. : B026)
ENPEP Module: BALANCE Planning Study: Ccase (

Viewing or Changing Multiple-Input-Link Conversion Data

Process number: (Z=15)
Process name:
Sector abbreviation:

1 2 3 4 5
Input links: (1-500)
Input/output ratios:
output link: (1-500)
Operating & maintenance cost: $/BOE
Total capital investment: 1000 $
Capacity of a single plant: 1000 BOE/year
Capacity factor: (0-1)
Life expectancy of plant: years
Interest rate fraction:
Maximum allowable capacity: 1000 BOE/year

This is record of 15.
Press "F7" to GO BACK 5 RECORDS, "F8" to ADVANCE 5 RECORDS,
"F9" to GO BACK 1 RECORD, "F10" to ADVANCE 1 RECORD, "F1" for HELP,
"Esc" to IGNORE CHANGES AND QUIT, or "F4" to SAVE CHANGES AND EXIT.

Purpose

On Form B026 you are allowed to define up to 15 multiple-input-link
conversion process records. You advanced to this form by selecting option 6
on Menu B020. By convention, a multiple-input-link conversion node has a
single output link and two or more input links. Several equations are
associated with a multiple-input conversion node: a number of quantity
equations and a price equation. The quantity equations represent the
transformation of the inputs (generally some form of fuel) to the output
(generally a form of energy). The price equation represents the value added
to the prices of the input fuels due to processing. A general discussion of
multiple-input-link conversion processes is provided under the Background
section following a listing of the options available from this form and a
description of the data fields displayed.

Options

. To view or change values in data fields described below on up to 15
recoFds, use the standard cursor-control functions and the following
special record-manipulation funetions: press F8 to advance 5 records,

F10 to advance 1 record, F7 to go back 5 records, and F9 to go back 1
record. : o
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. To delete an existing record, advance to that record, then change the
process number to 0. The records so designated will not be saved when
you press F4.

. To add a new record, advance to an empty record and enter the
information required on the form. The new record will be saved when
you press F4.

. Press F4 to save changes and return to Menu B020.
. Press Ese to ignore changes and return to Menu B020.

. Press F1 to obtain on-line help.

Data Fields

Process Number: This field contains an integer of up to two digits used to
identify the current process. Valid values for this integer range from 1 to 15,
but you may enter a 0 to indicate that the process record currently displayed
on the screen is not to be saved. If the record is deleted by entering a 0 for
the process number, all other numeric data field values should also be set at
0. There is no required relationship between this process number and the
current record number displayed at the bottom of the screen.

Process Name: This 12-character field can contain a name or any text that
will help you identify the conversion node.

Sector Abbreviation: This field should contain a three-character abbreviation
that will help you identify the process.

Input Links: This field contains an integer of up to three digits and indicates
the numbers of the input links to the process, as represented in the energy
network. The value must range from 1 to 500, unless the current record is
marked as deleted by a 0 in the process number field at the top of the
sereen. If the record is marked as deleted, all input link numbers should be
0. For each input link entered here, you must also enter an input/output ratio
as described in the next field.

Input/Output Ratios: This field contains a set of five-place input/output
ratios that indicate the input quantity per unit of output for each input link
you entered in the previous field.

Output Link: This field contains an integer of up to three digits. The integer
must range in value from 1 to 500, unless the current record is marked as
deleted by a 0 in the process number field at the top of the screen. If the
record is marked as deleted, this link number should be set at 0 also.
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Operating and Maintenance Cost: This fie.ld contains a fiw{e—pl;cg /\ggt;
representing the annual operating and maintenance .cost (in $U.S.
associated with the process represented by a conversion node. The value
should not include the cost of fuels used in the process. If the current process
is marked as deleted, this value should be set at 0.

Total Capital Investment: This field contains a 10-place valuc.a rep'resentfng
the total capital investment (in thousands of $U.S.) of a multxple-mput-lmk
conversion process. If the current process is marked as deleted, this value

should be set at 0.

Capacity of a Single Plant: This field contains a 10-place number
representing the nameplate annual output capacity (in thousan.ds of BOE/year)
of a representative process for the current conversion node displayed on your
sereen. If the current process is marked as deleted, this value should be set

at 0.

Capacity Factor: This field contains the capacity factor of a representative
process for the current conversion node. This five-place fractional value
should range from 0 to 1, and should be set to 0 if the current process is
marked as deleted with a 0 in the process number field.

Life Expectancy of Plant: This field contains an integer expressing the life
expectancy (in years) of a representative conversion process. This two-digit
integer must be greater than 0 unless the current process is marked as
deleted.

Interest Rate Fraction: This field contains the annual interest rate used for
amortizing the capital cost of a conversion process. It is expressed as a five-
place decimal fraction. For example, a value of 0.10 represents an annual
interest rate of 10%. If the process is marked as deleted, this value should be
set at 0.

Maximum Allowable Capacity: This field expresses the maximum allowable
output capacity (thousands of BOE/year) of all plants associated with the
multiple-input-link conversion process. A value of up to 10 places can be
entered in this field. A value of 0 should be entered if the current process is
marked as deleted.

Background

By convention, a multiple-input-link conversion node has a single output link
fand two or more input links. Several equations are associated with a multiple
lnpl.lt conversion node -- a number of quantity equations equal to the number
of input links and a price equation. The quantity equations represent the
transformation of the inputs (generally forms of fuel) to the node to the
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output (generally a form of energy). The price equation represents the value
added to the prices of the input fuels by processing. Examples of multiple-
input-link nodes include (1) a solar heater in the household sector that has
LPG as a backup fuel; (2) a node that blends gasoline and ethanol to produce
gasohol in the transport sector; and (3) a preprocessor in which heavy crude is
spiked with lighter fractions in the oil sector.

The following example illustrates the price and quantity equations for a node
with two inputs: a solar heater that transforms solar energy into heat and a
backup heater fueled by LPG. The quantity of solar energy input (on an
energy-content basis) required to produce a quantity of heat output is given
by the following equation:

Qg = Qp x 10g (5.11)
where:
Qg = quantity of solar energy input,
Qp = quantity of heat output, and
IOs = quantity of solar energy input required per unit of heat output.

Similarly, the quantity of LPG required to produce a quantity of heat is given
by the equation:

»

where:
Q; = quantity of LPG input, and

104 = quantity of LPG input required per unit of heat output.

The input/output ratio, IOS, can be thought of as the ratio of the total solar
energy converted to heat during the course of a typical year in a typical
application for such a process, divided by the total heat produced by the
process over a typical year. The total heat produced by the process over a
typical year includes the heat produced by both the solar energy and the LPG.
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The basic assumption used in developing the price equation for thi multiple-
input-link conversion node is that the value of the output of t e. procTe:s
equals the costs of the process and input fuels on an annual basis. e
following equation relates the annual value (revenue) and cost:

Qp x P =Qg x Pg+Qq x Py + OM x Qp + TCI x CRF(i,n) (5.13)

(Value) = (Cost)

where:

Py, = price of heat output (on an equivalent heat content basis).

o
n

price (if any) of solar energy.
P, = price of LPG.

OM = operating and maintenance cost of the heater for
converting solar energy and LPG to heat. (This cost
includes labor and material costs for operating the process,
but excludes the costs of the LPG and solar energy inputs.)

TCI = total capital cost of a representative heater.

CRF(i,n) = capital recovery factor that amortizes the capital cost of
the heater over its life n, at annual interest rate i as seen
in Eq. 5.10.

If both sides of Eq. 5.13 are divided by Qp, IOq is substituted for Qs/Qh’ 10, is
substituted for (Ql/Qh)’ and the process is assumed to operate near its annual
assumed output capacity, then the following equation is obtained relating the
price of heat output to the prices of the LPG, solar energy, and the heater
costs:

Pp = Py x 10+ P « 10, + OM (5.14)
+[TCI/ (CAP « CF)] x CRF(i,n)

where:

CAP = annual maximum rated output capacity of a representative
heater, and
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CF = capacity factor for a representative heater (indicating the
fraction of time over the course of a year the heater is expected
to be in operation).

Equations 5.11, 5.12, and 5.14 are used to model a multiple-input-link
conversion node having two input links. This logie can be readily extended to
model conversion nodes with any number of input links.
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5.3.15 Form B027 — Viewing or Changing Demand Process Data

: B027
ENPEP Module: BALANCE Planning Study: Case: ( )

Viewing or Changing Demand Process Data

Input Link Demand Growth

Process p .
Record Number Process Sec;or_ Number PrOJ?iE;g? Set
Number (1-60) Name Abbreviation (1-500)

Press "F9" to GO BACK 10 RECORDS, "F10" to ADVANCE 10 RECORDS,
"F1" for HELP, "Esc" to QUIT, or "F4" to SAVE CHANGES AND EXIT.

Purpose

On Form B027 you are allowed to define up to 60 demand process records.
You advanced to this form by selecting option 7 on Menu B020. By conven-
tion, a demand node has a single input link and no output links. Demand nodes
must be positioned in the energy network to indicate the points of final
demand -- that is, points that terminate energy flows throughout the
network. A general discussion of demand process data is provided under
Background at the end of this section (following a listing of the options
available on this form and a description of the data fields displayed).

Options

. View or change values in data fields described below on up to 60
records. Ten records will be displayed simultaneously, and you can
move from record to record and make any necessary changes by using
the standard cursor-control keys. In addition, you can press F10 to page
forward 10 records and F9 to page back 10 records. o i

. To delete an existing record, advance to that record, then change the

process number to 0. The records so designated will not be saved when
you press F4.
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. To add a new record, advance to an empty record and enter the
information required on the form. The new record will be saved when
you press F4.

. Press F4 to save changes and return to Menu B020. (You will be
prompted to indicate whether the data being saved are complete or
incomplete. If they are complete, press F10, otherwise press Ese.)

. Press Esec to ignore changes and return to Menu B020.
. Press F1 to obtain on-line help.
Data Fields

Record Number: When you display a specific page of data, the record
numbers for each of the 10 records on that page are shown in the first column
of the screen. This is a display-only field that you cannot change. There is
no defined relationship between the record numbers in the first column and
the process numbers, which you can access, in the second column.

Process Number: This field contains a two-digit integer used to identify each
process. Valid values for these integers range from 1 to 60, but you may
enter a 0 to indicate that a specific process record is not to be saved. If the
record is deleted by entering a 0 for the process number, all other numeric
data field values for that record should be 0 also. There is no required
relationship between these process numbers and the record numbers displayed
in the first column.
»

Process Name: This 12-character field can contain a name or any text that
will help you identify the demand nodes. It should be left blank if the
associated record has been marked as deleted with a 0 process number.

Sector Abbreviation: This field contains a three-character abbreviation to
help you identify each process. It should be left blank if the associated
record has been marked as deleted with a 0 process number.

Input-Link Number: This field contains an integer of up to three digits
representing the number of the input link to the process in the energy
network. The value of the integer must range from 1 to 500, but should be
set at 0 if a record has been marked as deleted.

Demand Growth Projection Set: This field contains a two-digit integer that
must range in value from 1 to 30, unless a record has been marked as
deleted. This number uniquely identifies a set of growth rates that you must
enter using Forms B028 or B088, as described below.
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Background

By convention, a demand node has a single input link and no output links. No
equations are associated with a demand node. Demand nodes must be
positioned in the energy network to indicate the points of final demand --
that is, points that terminate energy flows throughout the network. Examples
of demand nodes include (1) cement demand in the cement sector;
(2) electricity demand in the commercial sector; and (3) heat demand for

cooking in the household sector.

The IDES FORTRAN model associates a set of user-specified demand
projections over the simulation period with each demand node. The demand
node assigns the computed demand quantity in each year to the demand node
input link; this quantity is then used as the required output quantity of the
node at the input end of the link.
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5.3.16 Form B082 — Selecting a DEMAND Case Code for Growth Rates

ENPEP Module: BALANCE Planning Study: Case: (B082)
Selecting a DEMAND Case Code for Growth Rates
DEMAND Case Last
Case Case Description Status Update
Case selection: .. (from those listed above)
Press "F1" for HELP, _"Esc" to QUIT, or "F10" AFTER YOU SELECT A DEMAND CASE.

Purpose

In Form B082, you can select a DEMAND Module case from which to add"
energy demand growth rates to those already defined in your BALANCE
case. You advanced to this form by selecting option 8 on Menu B020 and by
further indicating that you wished to add grqwth rates generated by a
DEMAND Module case of your current planning study. Four items of
information are displayed for each DEMAND case associated with your
previously selected planning study: a case code, a case description, a status
variable indicating whether the case is complete or incomplete, and the date
when the case was last modified.

Options
. To select a DEMAND case from which to obtain energy demand growth
rates, enter the case code from among those displayed on the screen
and press F10. You will advance to Form B028 to select specific growth
rates.

. Press Ese to return to Menu B020 without selecting a DEMAND case.

. Press F1 to obtain on-line help.



BALANCE Module / Forms 5.3-54 -

5.3.17 Form B028 — Adding Energy Demand Growth Data

i : B028
ENPEP Module: BALANCE Planning Study: Case: ( )

Adding Energy Demand Growth Projections

duced by the
You may now browse through growth rates that were pro
DEHANDyHodule and include any of them as BALANCE growth rate sets.

Projection Set Number: (1-30)
Projection Set Name:
Sector Abbreviation:

Fractional Growth Rates Function Control Keys

pl 2 3 4 5 "F5" to advance 1 DEMAND growth rate set
nan " " 10 L " " "
"F7Vl " " 25 L " L "
"Fa® to-goiback -1 " " » »
"F9® to.-go to FIRST .* » - "

"F10" to save rates on left as a BALANCE
growth rate set.

Press "F1" for HELP, "Esc" to QUIT, or "F10" to SAVE CURRENT RATE.

Purpose

Form B028 allows you to add annual energy demand growth rates calculated
by the DEMAND Module to the set of existing growth rates you may have
already defined in BALANCE. You advanced to this form after selecting a
DEMAND Module case code while in Form B082. Up to 30 growth rate
projection sets may be defined. You must ensure that the total number of
existing sets plus the number of sets you want to add does not exceed 30;
otherwise, only the first 30 will be available for access in Form B088, as
described below. The growth rates requested in Form B027 above correspond
to the growth rates you are adding with this form (B028).

Options

. To select a DEMAND Module growth rate to add to your existing growth
rate set, advance to that rate record, make any necessary changes in
the data fields deseribed below, complete the information on the form,
and press F10. The current data will be added to those already existing
for BALANCE. You can move back and forth through the available
DEMAND growth rate records using the following special function
keys: Press F5 to advance 1 growth rate set, F6 to advance 10 sets, F7

to advance 25 sets, F8 to go back 1 set, and F9 to return to the first
set. o
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. Press Ese to return to Menu B020 after you have completed selecting
growth rates to add to you existing set. (Pressing Ese will not affect
any previous rate record selection if you completed that selection by
pressing F10.)

. Press F1 to obtain on-line help.

Data Fields

Projection Set Number: This field contains a unique identifying number for
the set of projection rates. This two-digit integer, which must range in value
from 1 to 30, is used to identify the growth rates for the demand nodes as
described above on Form B027. There is no required relationship between this
projection set number and the current record number displayed at the bottom
of the form.

Position Set Name: This 12-character field can contain a name or any text
useful in identifying the growth rate set. :

Sector Abbreviation: This field contains a three-character abbreviation to
help you identify a demand growth projection set.

Fractional Growth Rates: This field contains five-place fractional values,
computed by the DEMAND Module, that represent a unique growth rate in
energy demand between successive years in your study period. The first
growth rate represents the growth between the first and the second year.
The rates are expressed as decimal fractions. For example, a value of 0.10
indicates that there is a 109% growth in the energ'y demand from the previous
year. If there are less than 30 years in your study period, the extra fields
may be left blank.

Background

Once you have finished adding DEMAND growth rates to BALANCE, you
should press Ese. This key has no effect on the records already added to
BALANCE, and it returns you to Menu B020. When you return to Menu B020,
the status variable associated with the energy demand growth rate sets will
be set to Incomplete. You should select option 8 again and access these
growth rates using Form B088 in order to change this status to Complete.
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5.3.18 Form B088 — Viewing or Changing Existing Energy Demand Growth Data

ENPEP Module: BALANCE Planning Study: Case: (BO88)

Viewing or Changing Existing Energy Demand Growth Data

You may now enter or change a series of energy demand growth rates.

Projection set number: (1-30, or 0 to delete record)

Projection set name: ;
Sector abbreviation: (optional)

Fractional Growth Rates

i 2 3 4 5

This is record of 30.

Press "F5" to GO BACK 25 RECORDS, "F6" to ADVANCE 25 RECORDS,
"F7" to GO BACK 5 RECORDS, "F8" to ADVANCE 5 RECORDS,
"F9" to GO BACK 1 RECORD, "F10" to ADVANCE 1 RECORD, "F1" for HELP,
"Esc" to IGNORE CHANGES AND QUIT, or "F4" to SAVE CHANGES AND EXIT.

Purpose

Form B088 permits you to access (for purposes of viewing, defining, changing,
adding, or deleting) the 30 available annual energy demand growth rates. If
the total number of growth rate sets exceeds 30, you will be able to access
only the first 30. You advanced to this form by selecting option 8 on
Menu B020 and further indicating in response to a prompt that you wished to
access existing growth rates already defined for the current BALANCE
case.

Options

. To view or change values in data fields described below on up to
30 records, use the standard cursor-control functions and the following
special record-manipulation functions: press F6 to advance 25 records,
F8 to advance 5 records, F10 to advance 1 record, FS to go back 25
records, F7 to go back 5 records, and F9 to go back 1 record.

. To delete an existing record, advance to that record, then change the

process number to 0. The records so designated will not be saved when
you press F4.
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. To add a new record, advance to an empty record and enter the
information required on the form. The new record will be saved when
you press F4.

. Press F4 to save changes and return to Menu B020.
. Press Ese to ignore changes and return to Menu B020.

. Press F1 to obtain on-line help.

Data Fields

Projection Set Number: This field contains a two-digit integer that identifies
the set of projection rates that is displayed. The value of this integer must
range from 1 to 30. If a record is deleted by entering a 0 for the projection
set number, all other numeric data fields for that record should also be set at
0. There is no required relationship between this projection set number and
the current record number displayed at the bottom of the form.

Projection Set Name: This 12-character field can contain a name or other
text to help you identify the projection set. This field should be left blank if
a record is marked as deleted with a 0 process number.

Sector Abbreviation: This three-character field can contain an abbreviation
to help you identify a demand growth projection set.

Fractional Growth Rates: This field contains five-place fractional values
that represents the growth rate in energy demand*between successive years in
your study period. The first growth rate should represent the growth between
the first and the second year. A value of 0.10 indicates there is a 10% growth
in the energy demand from the previous year. If there are less than 30 years
in your study period, the extra fields may be left blank.
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5.3.19 Form B029 — Viewing or Changing Multiple-Output-Link Node Process Records

" . B029)
ENPEP Module: BALANCE pPlanning Study: Case (
Viewing or Changing Multiple-Output-Link (Refinery) Node Process Data
Process number: (1-10) tPrchss Tz:i: vt Sector:
ink: -500 output sizing : -
Input link (1-500) g : 5 y, : 6
Output links:
Output ratios:
Price links:
Price ratios:
Stockpile numbers:
Excess demand links:
Control links:
Control multipliers: :
Operating & maintenance cost: $/BOE input
Total capital investment: 1000 $ ;
Capacity of a single unit: 1000 BOE input/year
Capacity factor: (0-1% |
Life expectancy: Interest rate (fraction):
Profit factor: Capacity of all plants: 1000 BOE/year
This is record of 10.
Press "F9" to GO BACK 1 RECORD, "F10" to ADVANCE 1 RECORD, "F1" for HELP,
"Esc" to IGNORE CHANGES AND QUIT, or "F4" to SAVE CHANGES AND EXIT.

Purpose

Form B029 allows you-to define, view, change, or delete up to 10 multiple-
output-link process records. You advanced to this form by selecting option 9
in Menu B020. By convention, a multiple-output-link (typically a refinery)
node has a single input link and two or more output links. Several quantity
and price equations are associated with such a node. The quantity equations
represent the transformation of the input (such as crude oil) to the outputs
(such as petroleum products). The price equations represent the value added
by the processing of the input, and allocate the processing costs to the
outputs. Multiple-output-link nodes are discussed in more detail under
Background at the end of this section (following a listing of the options
available in this form and a description of the data fields displayed).

Options

. To view or change values in data fields deseribed below on up to
10 records, use the standard cursor-control functions and the following

special record-manipulation functions: press F10 to advance one record
and F9 to go back one record.

. To delete an existing record, advance to that record, then change the

process number to a 0. The records so designated will not be saved
when you press F4.
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. To add a new record, advance to an empty record and enter the
information required on the form. The new record will be saved when
you press F4.

. Press F4 to save changes and return to Menu B020.
. Press Esc to ignore changes and return to Menu B020.
. Press F1 to obtain on-line help.

Data Fields

Process Number: This field contains a unique two-digit integer used to
identify the process. Valid values for this integer range from 1 to 10, but you
may enter a 0 to indicate that the process record currently displayed on the
screen is not to be saved. If the record is deleted by entering a 0 for the
process number, all other numeric data field values should also be set at 0.
There is no required relationship between this process number and the current
record number displayed at the bottom of the screen.

Process Name: This 12-character field can contain any name or text that will
help you identify multiple-output-link conversion nodes. If the current
process is to be deleted, this field should be blank.

Sector: This three-character field contains an abbreviation to help you
identify each process. It should be left blank if the current process is to be
deleted.
»

Input Link: This field must contain an integer of up to three digits. The
value must range from 1 to 500, unless the current record is marked as
deleted by a 0 in the process number field at the top of the screen. If the
record is marked as deleted, this link number should be set at 0.

Output Sizing Link: This field contains a value of up to three digits that
determines the input requirements of a multiple-output-link process such as a
refinery. The demand for a specifie output product on the output sizing link
is used to adjust the quantities input to the node so that the demand for the
specified sizing product is met exactly. The demands for the other products
may be exceeded or may not be met. If the quantity of an output product
exceeds its demand, you have the option of specifying a stockpile, as
described below. The integer value of a sizing link number must range from 1
to 500, except this link number should be set at 0 if the record is marked as
deleted.
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Output Links: This field must contain a set of integers of u;f to three digits.
Up to six products can be produced by a multiple-output-link process, a.nd
each of these products is associated with a link number that you must specify
in these fields. If there are less than six output produets in a process, extra
output links should be set to 0. These integers must range from 1 to 500, or
must be set at 0 if a record is marked as deleted. For every output produ?t
you specify here, you must also specify output ratios and price links and ratio
data in the next three fields described below.

Output Ratios: This field must contain up to five-place values for each
output product you specified in the previous field. For a given process, the
parameters s; of Eq. 5.16 (see Background below) are used to relate the
quantity of input to the quantity of an output product; they constitute the
refinery slate. If a multiple-output-link process is marked as deleted with a 0
process number, all output ratios for that node should also be set at U
there are less than six output products specified above, the excess output
ratio fields should be set at 0.

Price Links: This field contains a number of up to three digits that must be
specified for each output link defined above. You may specify that the price
for each output link of a multiple-output-link process is either a multiple of
the input link's price, or a multiple of the price of the first output link of the
current process. In either case, the price link number, which can range from
1 to 500, must be supplied in this field. If you do not use all six output links,
you should leave extra price link fields blank, or set them to 0. The price link
associated with the first output link (such as 110) must be the same as the
first output link (such as 110). The price links associated with the second
through the sixth output links must be equal to the first output link (such as
110) or one of the current process' input links.

Price Ratios: This field contains the price ratio (a number of up to five
places) that must be specified for each output link defined above. For a
multiple-output-link process, you may specify that the price of each output
link is either a multiple of the input link's price, or a multiple of the price of
the first output link. The price ratio for the first output link should always be
1, and the corresponding price link for the first output link should be set to
the number of the first output link. If you do not use all six output links, you
should leave the extra price multiplier fields blank.

Stockpile Number: This field contains integers of up to two digits
representing the stockpile numbers for each output link. These numbers may
range from 1 to 20, or may be left blank if the associated output link is
missing. If the amount of the associated output product exceeds the demand
for thgt product at this process, the excess supply is added to the specified
stockpile for use in subsequent years. If. there is no stockpile associated with

an ou.tput link, these fields can be left blank, and excess output products will
remain unused in the simulation.



BALANCE Module / Forms 5.3-61 August 1987

Excess Demand Links: This field contains integers of up to three digits
representing the excess demand link numbers for each output product of a
multiple-output-link process. These link numbers should range from 1 to 500,
or may be left blank if the node models a refinery. If the demand for the
associated output product cannot be met by this process, the demand shortage
is supplied by using more of the product from the link number specified in this
field. Typically, output products from a multiple-output-link process are
input to decision nodes. A product shortage at such a decision node should be
satisfied by one of its input links on which there is no quantity limitation.

Control Links: This field contains the link numbers controlled by each of the
refinery output links, if any. This and the next field are used to specify how
the capacities of other links, not necessarily associated with the current
process, are controlled by the computed quantity on the output links of this
process. Control links are a special feature of refinery nodes and generally
are not used unless the situation specifically warrants them. As an example,
assume a controlled link 23 is specified in this field, that the associated
output link for this process is 7, and that the multiplier specified in the
following field for this controlled link is 0.5. Then the output capacity on link
23 will be adjusted by:

CAPL(23) = Q(7) x 0.5 (5.15)
where:
CAPL(23) = output capacity on link 23, and

»

Q(7) = quantity of output from link 7 of this multiple-output-

process.
If there are no controlled links, this field should be left blank.

Control Multipliers: This field contains the five-place multipliers for control
links, as deseribed in the above field and Eq. 5.15. If there are no controlled
links, this field should be left blank.

Operating and Maintenance Cost: This field contains a 10-place number
representing the operation and maintenance cost for a typical multiple-
output-link process or refinery. The units of this field are $U.S./BOE input,
and should exclude the costs of input fuels such as crude oil. If the current
process is marked as deleted with a 0 process number, this field should be left
blank.
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Total Capital Investment: This field contains a 10-place number re[?resentm.g
the total capital investment of a representative process. The units of tfus
field are thousands of $U.S. If the current process is marked as deleted with
a 0 process number, this field should be left blank.

Capacity of a Single Unit: This field contains a 10-place value representing
the annual nameplate input capacity (in thousands of BOE/ye.ar) of a
representative multiple-output-link process. If the current process is marked
as deleted with a 0 process number, this field should be left blank.

Capacity Factor: This field contains a five-place fractional value expressing
the capacity factor of a representative process. This value should range from
0 to 1, but if the current process is marked as deleted with a 0 process
number, this field should be left blank.

Life Expectancy: This field contains a two-digit integer representing the
expected life (in years) of a typical process of this type. If the current
process is marked as deleted with a 0 process number, this field should be left
blank.

Interest Rate: This field contains a five-place decimal fraction representing
the annual interest rate used -for amortizing the capital cost of a process.
For example, the value in this field should be 0.10 if the annual interest rate
is 10%. If the current process is marked as deleted with a 0 process number,
this field should be left blank.

Profit Factor: This field contains a five-place decimal fraction expressing
the profit factor for the current process. If the current process is marked as
deleted with a 0 process number, this field should be left blank.

Capacity of All Plants: This field contains a 10-place value that represents
the total annual input capacity of all processes of the current type in the base
year. Values should be expressed in thousands of BOE in the initial year of
your planning study. If, however, the current process is marked as deleted
with a 0 process number, this field should be left blank.

Background

Py convention, a multiple-output-link (typically a refinery) node has a single
input Iink.and two or more output links. Several price and quantity equations
are associated with a refinery node. The quantity equations represent the
transformation of the input (such as ecrude oil) to the outputs (such as
petrolet'xm products). The price equations represent the value added by the
proFessxng to the input, and allocate the processing costs to the outputs. A
refinery node can be used to model any process that has a single input and



VAuLATUL IUGGLS § FuLme 5.3-63 August 1987

multiple output products. For example, besides a crude oil refinery, a
refinery node can be used to model an industrial cogeneration process that
produces steam and electricity. Examples of refinery nodes in the IDES
model include (1) a refinery in the oil sector (input = erude oil, outputs = LPG,
distillate, gasoline, and residual oil); (2) cogeneration in the sugar sector
(input = bagasse, outputs = steam and electricity); and (3) sugar juice
production in the renewables sector (input = sugar cane, outputs = sugar juice
and bagasse).

The following example of a refinery node with two output products illustrates
the price and quantity equations. The quantity of product 1 is related to the
quantity of crude input by the following equation:

Q) =Q, x5 (5.16)
where:

Q; = quantity of product 1 output,

Q, = quantity of crude input, and

sy = ratio of product 1 output per unit of input crude.

An equation similar to Eq. 5.16 relates the quantity of product 2 produced for
each unit of crude input. In the equation, Qg and s, would be defined
similarly to Q; and s,, respectively, for the second product. The parameters
s, and sq constitute the refinery slate.

The basic assumption in developing the price equations for the refinery node
is that the annual total revenue obtained from the outputs of the refinery is
equal to the annual cost of the crude input plus the associated processing
costs. The equation relating annual revenue and cost is:

Q; xPy+QgxPy =Q,xP,+OMxQ,+TCI x CRF(i,n) (5.17)

(Revenue) = (Cost)
where:

Qy» Qg = quantities of product 1 and 2, respectively.

Pl’ P2 = prices of product 1 and 2, respectively.

Pq

price of crude.
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OM = operating and maintenance cost of the refinery. (Tr}is cost
includes the costs of labor and materials for operating the
refinery but excludes the cost of the input crude.)

TCI = total capital cost of the refinery (if the refinery already
exists, this value is the present value of the remaining

debt).

CRF(i,n) = capital recovery factor that amortizes the capital cost of
the refinery over its life n, at annual interest rate i.

PFF = profit factor.
If both sides of Eq. 5.17 are divided by Qs 7 is substituted for (Q;/Q,) and
sq for (QZ/QC)’ and the refinery is assumed to operate near its expected
capacity, then the following equation relates the price of product 1 to the
crude input price, the price of product 2, and the processing costs:

Py = [P,/s; + OM/s; + (TCI/(CAP x CF x s7) (5.18)

x CRF(i,n)] x (1 + PFF) - (Sz/sl) x PZ

where:

CAP = crude input capacity of the refinery, and

CF = capacity factor (indicating the fraction of time the refinery is
expected to operate).

To de'ter'mine the product prices P, and Py, an additional equation is required
that indicates how the costs of crude and processing are to be allocated
1z}among the two products. This equation is assumed to be linear and of the
orm:

Py =wy x Py (5.19)
where:
W9 = a user-specified parameter.

The product prices P1 and P2 can be determined from Egs. 5.18 and 5.19

5:)‘::: the price of crude, P, the product slate, s, and sy, and the processing
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The procedure described above can be used to model a refinery node with any
number of outputs. An equation similar to Eq. 5.19 must be specified for
each additional product, such as LPG, gasoline, distillate oil, and residual fuel
oil. Several forms of equations are possible. For example, if a refinery node
has four output links, the price for the fourth output product can be related
to the price of the input (crude) rather than to the price of the first product,
as in the above example. The price of the fourth product is related to the
price of the input crude to model the condition that, in general, residual oil
prices are more closely tied to the price of crude oil than to the price of the
other petroleum products.

An additional aspect of the refinery node submodel deserves mention. A
refinery node may produce too much or too little product to meet the demand
requirements on the refinery for a particular type of product. This occurs
when the mix of product demand does not exactly match the refinery product
slate, which is assumed to be inflexible. The logic of the refinery node model
is such that the crude input requirement is based on the demand requirement
of one of the products. This particular product, referred to as the sizing
product, is specified by the model user. The demand on the refinery for the
sizing product is met exactly. The demands for the other products may be
exceeded or may not be met by the refinery's production. If the refinery
produces an excess of a particular product, you have the option of specifying
that this excess amount be placed in a stockpile (stockpile node) for possible
consumption in future periods. If the refinery demand for a product cannot
be met, you must specify an alternative link of the network from which the
needed amount will be obtained to make up the shortage.
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5.3.20 Form B02A — Viewing or Changing Stockpile Node Data

ENPEP Module: BALANCE Planning Study:

Case: (B02a)

Viewing or Changing Stockpile Node Data

Link * Quantity CQuantity

Stockpile
Record Numbgr Stockpile Sector Number Removed In g:s:ngegﬁ
Number (1-20) Label Abbreviation (1-500) Base Year

* Indicate Quantity Added by a Negative Number

Press "F9" to GO BACK 10 RECORDS, "F10" to ADVANCE 10 RECORDS,

"F1" for HELP, "Esc" to QUIT, or "F4" to SAVE CHANGES AND EXIT.

Purpose

On Form B02A you are allowed to define up to 20 stockpile process records.
You advanced to this form by selecting option 10 on Menu B020. By
convention, a stockpile node has a single link that functions as both an input
link for filling the stockpile and an output link for reducing the stockpile. A
stockpile node is used in conjunction with a multiple-output-link node (such as
a refinery) and a decision node. The purpose of a stockpile node is to store
the quantity of a particular type of a multiple-output-link product that
exceeds the demand for that product. A general discussion of stockpile node

data

is provided under Background at the end of this section (following a

listing of the options available from this form and a description of the data
fields displayed).

Options

View or change values in data fields described below on up to 20
records. Ten records will be displayed simultaneously and you can move
from record to record and make any necessary changes by using the
standard cursor-control keys. In addition, you can press F10 to move
forward 10 records and F9 to move back 10 records.
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. To delete an existing record, advance to that record, then change the
process number to 0. The records so designated will not be saved when
you press F4.

. To add a new record, advance to an empty record and then enter the
information required on the form. The new record will be saved when
you press F4.

. Press F4 to save changes and return to Menu B020. (You will be
prompted to indicate whether the data being saved are complete or
incomplete. If they are complete, press F10, otherwise press Ese.)

. Press Ese to ignore changes and return to Menu B020.

. Press F1 to obtain on-line help.

Data Fields

Record Number: When you display a specific page of data, the record
numbers for each of the 10 records on that page are shown in the first column
of the screen. This is a display-only field that you cannot change. There is
no defined relationship between the record numbers in the first column and
the stockpile numbers, which you can access, in the second column.

Stockpile Number: This field contains a unique integer of up to two digits
identifying the stockpile. Valid values for this integer range from 1 to 20, but
you may enter a 0 to indicate that a specific process record is not to be
saved. If the record is deleted by entering a 0 for the process number, all
other numerie input field values for that record should also be set at 0. There
is no required relationship between the process numbers in this column and
the record numbers displayed in the first column.

Stockpile Name: This 12-character field can contain a name or any other
text that will help you identify the stockpile node. This field should be left
blank if the associated record has been marked as deleted with a 0 process
number.

Sector Abbreviation: This field contains a three-character abbreviation to
help you identify each stockpile node. The field should be left blank if the
associated record has been marked as deleted.

Link Number: This field contains a three-digit integer representing the link
number associated with each stockpile record. The input link to a stockpile is
also its output link. The value of this integer can range from 1 to 500, but
may be 0 if a record has been marked as deleted.
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Quantity Removed in Base Year: This field contains a 10-place 'value
representing the quantity (in thousands of BOE) ‘of a product r.emoved in the
base year. The value should be 0 if the assocl.ated process is deleted. A
negative flow in the base year indicates a flow into, rather thar} ?ut gf, the
stockpile. After this quantity is removed, the amount .remammg in the
stockpile at the end of the base year is entered in the next field.

Quantity at End of Base Year: This field contains a 10-p.la_ce .value
representing the quantity (in thousands of BOE) of a product remaining in the
stockpile at the end of the base year. This value must be computed after‘the
product has been removed in the base year, as described for the previous

field.

Background

By convention, a stockpile node has a single link that functions as both an
input link for filling the stockpile and an output link for reducing the
stockpile. A stockpile node is used in conjunction with a multiple-output-link
node (such as a refinery) and a decision node. These two node types are
described in Forms B029 and B024, respectively. The purpose of a stockpile
node is to store the quantity of a particular type of a multiple-output-link
product that exceeds the demand for that product. Examples of stockpile
nodes may include (1) a stockpile for residual oil from a specific refinery in
the oil sector of your network; or (2) a stockpile for bagasse in the sugar
sector (since bagasse production is assumed to be driven by the demand for
sugar juice).

Any excess production of each output product of a multiple-output-link node
is added to the existing amount in a corresponding stockpile each year in the
simulation period. The logic for computing the amount of the product to be
extracted from the stockpile node is explained below.

A convention adopted in the IDES FORTRAN program is that the link of a
stockpile must be an input link to some decision node of the network. The
decision node inspeects the amount in the stockpile each year and removes as
much of the product as possible to meet the demand requirement on the
multiple-output-link process. Any remaining demand requirement is
considered the net demand requirement that the process then attempts to
meet. "
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5.3.21 Form B02B — Viewing or Changing Price Regulation Process Data

ENPEP Module: BALANCE Planning Study: Case: (B02B)

Viewing or Changing Price Regulation Process Data

Process number: (1-40)
Process name:
Sector abbreviation:

Input link: (1-500)
Output link: (1-500)
Price multiplier:

Price addition: ($/BOE)
Maximum price: ($/BOE)
Minimum price: ($/BOE)

Input price reference link: (1-500)

This is record of 40.

Press "F5" to GO BACK 25 RECORDS, "F6" to ADVANCE 25 RECORDS,

"F7" to GO BACK 5 RECORDS, "F8" to ADVANCE 5 RECORDS,
"F9" to GO BACK 1 RECORD, "F10" to ADVANCE 1 RECORD, "F1" for HELP,
"Esc" to IGNORE CHANGES AND QUIT, or "F4" to SAVE CHANGES AND EXIT.

Purpose

Form B02B allows you to define up to 40 price regulation process records.
You advanced to this form by selecting option 11 on Menu B020. By
convention, a pricing node has a single input link and a single output link. A
pricing node changes the price on the input link .of the node to simulate a
government tax, subsidy, price ceiling, price floor, or other government
pricing policy. The resulting price is assigned to the output link of the node.
A general discussion of price regulation processes is presented under
Background at the end of this section (following a listing of the options
available in the form and a description of the data fields displayed).

Options
. To view or change values in data fields deseribed below on up to
40 records, use the standard cursor-control functions and the following
special record-manipulation functions: press F6 to advance 25 records,
F8 to advance 5 records, F10 to advance 1 record, F5 to go back 25
records, F7 to go back 5 records, and F9 to go back 1 record.
. To delete an existing record, advance to that record, then change the

process number to 0. The records so designated will not be saved when
you press F4.
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ce to an empty record and then enter the

dd a new record, advan
: i . The new record will be saved when

information required on the form.
you press F4.

o Press F4 to save changes and return to Menu B020.

. Press Ese to ignore changes and return to Menu B020.
. Press F1 to obtain on-line help.
Data Fields

Process Number: This field contains a unique two-digit integer to identify
the process. Valid values for this integer range from 1 to 40, but you may
enter a 0 to indicate that the process record currently displayed on the screen
is not to be saved. If the record is deleted by entering a 0 for the process
number, all other numeric data field values can also be set at 0. There is no
required relationship between this process number and the current record
number displayed at the bottom of the screen.

Process Name: This 12-character field can contain a name or any text that
will help you identify this price regulation node.

Sector Abbreviation: This three-character field contains an abbreviation to
help you identify each process.

Input Link: This field contains an integer of up to three digits that identifies
the input link. This integer must range from 1 to 500, unless the current
record is marked as deleted by a 0 in the process number field at the top of
the screen. If the record is marked as deleted, this link number should be set
at 0.

Output Link: This field contains an integer of up to three digits that
identifies the output link. This integer must range from 1 to 500 (except if
the record is marked as deleted, this link number should be set at 0).

Price Multiplier: This field contains a value expressing the price multiplier.
A value of less than 1 indicates a subsidy, and a value greater than 1 indicates
a tax. This unitless five-place value is represented by the factor a of Eq. 5.20

and c of Eq. 5.21 (see Background below). If the current process is marked as
deleted, this number should be set at 0.

Price Addition: This field contains a value expressing any price addition. A
value of.les.s than 0 indicates a subsidy, and a value greater than 0 indicates a
tax. This five-place value is represented by the term b of Eq. 5.20, and d of
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Eq. 5.21 (see Background), and is expressed in terms of $U.S./BOE. If the
current process is marked as deleted, this number should be 0.

Maximum Price: This field contains a five-place value that represents the
maximum price ($U.S./BOE) that the IDES program should assign to the
output of the pricing node. The value should be set at 0 if the current process
is deleted.

Minimum Price: This field contains a five-place value that represents the
minimum price ($U.S./BOE) that IDES should assign to the output of the
pricing node. The value should be 0 if the current process is deleted.

Input Price Reference Link: This field contains an integer of up to three
digits identifying the input price reference link. This value, which can range
from 1 to 500 (unless the current process is deleted) is seen in Eq. 5.21
below. The factor c and term d in that equation are set to the values a and b,
respectively, of Eq. 5.20. In general, the associated link may be the input link
to the pricing node.

Background

By convention, a pricing node has a single input link and a single output link.
A pricing node changes the price on the input link of the node to simulate a
government tax, subsidy, price ceiling, price floor, or other government
pricing policy. The resulting price is assigned to the output link of the node.
Examples of pricing nodes typically include (1) tax nodes to represent taxes
on petroleum products from a refinery; and (2) a subsidy node in the transport
sector that equates the price of ethanol to the pride of gasoline.

The output price of a pricing node is determined from the following equation:

By=axP+b (5.20)
where:
P, = price on output link of pricing node,
5 o price on input link of pricing node,
a = price multiplier, and
b = price increment (or decrement).
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A percentage subsidy is modeled using Eq. 5.20 by specifying a < 1 and b = 0.
For example, to model a 10% subsidy set a = 0.90 and b = 0. ¢ A p.ercentage tax
is modeled by specifying a > 1 and b = 0. A fixed subsidy is model'ed b'y
specifying a = 1 and b < 0. For example, a $0.05/gallon gasolu"le st_xbs'ldy is
specified by setting a = 1 and b = -0.05 (assuming the input prl.ce.ls in the
units of $U.S./gallon). A fixed tax can be modeled in a similar way.
Combinations of percentage and fixed taxes and subsidies can also be modeled

by specifying the appropriate values for a and b.

If a price ceiling floor is specified for a pricing node, the computed output
price P, is compared with the price ceiling or floor. If P is outside of Fhe
allowable price range, P, is reset to either the price ceiling (if the price
ceiling is exceeded) or the price floor (if the price is less than the price
floor). That is,

P, « Price Ceiling if P, > Price Ceiling

Py + Price Floor if I5fei Price Floor
Another option for a pricing node is to specify that the price on the output
link of the pricing node is to be set equal to a multiple of the price on another
user-specified link somewhere else in the network. For example, this option
would be used if the price of ethanol is to be subsidized so it matches the

price of gasoline. If this pricing option is selected, the output price is
computed from the following equation:

P,=cx P(L) +d (5.21)

where:
L = user-specified link number,

P(L) = price on the user-specified link,

¢ = user-specified multiplier, and

d

user-specified price inerement or decrement.
The quantity on the output link of a pricing node is set equal to the quantity

?n the‘input link of the node - the node does not change the quantity on the
input link of the node. The quantity equation is very simple:

QW= Q (5.22)
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where:
Q; = quantity on input link of pricing node, and

Q, = quantity on output link of pricing node.
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5.3.22 Form B02C — Viewing or Changing Capacitated Links Data

i : (B02C)
ENPEP Module: BALANCE Planning Study: Case
Viewing or Changing Capacitated Links
i i Decision/ Link
Decision/ Link 4 A e
Link Allocation Capacity o N&;g:r Al;gg:tlon C?ggoo Y
Record Number Node (1000s Recor: = (1-500) BOE,/year)
Number (1-500) (1-500) BOE/year) Number (
Press "F9" to GO BACK 24 RECORDS, "F10" to ADVANCE 24 RECORDS,
"F1" for HELP, "Esc" to QUIT, or "F4" to SAVE CHANGES AND EXIT.
Purpose

On Form B02C you are allowed to specify an upper limit on the flow of
energy in up to 96 network links. Upper limits on the flow of energy in a link
can be specified only for links that are input to decision/allocation nodes.
You advanced to this form by selecting option 12 on Menu B020. This form is
somewhat different from the other forms used so far in the BALANCE
Module in that your screen is divided vertically into two identical halves.
Twelve records are displayed in each half.

Options

View or change values in data fields described below on up to 96
records. Twenty-four records will be displayed simultaneously (12 on
each half of your screen). You can move from record to record and
make any necessary changes by using the standard cursor-control keys.

In addition, you can press F10 to page forward 24 records and F9 to
page back 24 records. G

To delete an existing record, advance to that record, then change the

process number to a 0. The records so designated will not be saved
when you press F4. ’
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. To add a new record, advance to an empty record and enter the
information required on the form. The new record will be saved when
you press F4.

. Press F4 to save changes and return to Menu B020. (You will be
prompted as to whether the data being saved are complete or
incomplete. If they are complete, press F10, otherwise press Ese.)

. Press Ese to ignore changes and return to Menu B020.

. Press F1 to obtain on-line help.

Data Fields

Record Number: When you display a specific page of data, the record
numbers for each of the 12 records on each half of the screen are shown in
the first column of that half screen. This is a display-only field that you
cannot change. There is no defined relationship between the record numbers
in the first column and the link numbers, which you can access, in the second
column of each half screen.

Link Number: This field contains an integer of up to three digits specifying
the capacitated link number. If a link of your network is specified here, IDES
will verify that the energy flowing through that link will never exceed the
value you specify on this form. Each link number you specify here should be
between 1 and 500, but it may be set to 0 if you want to remove its capacity
limitations. If a link number is 0, the values in the following two data fields
should also be set at 0.

Decision/Allocation Node: This field contains a number identifying the
decision/allocation node to which a capacitated link is an input. IDES
requires that all capacitated links be input links to a decision or allocation
node. Unless the link is deleted, the values of this field should range from 1
to 500. Decision and allocation nodes are described above in Form B024.

Link Capacity: This field contains a 10-place number expressing the annual
capacity (in thousands of BOE/year) of the capacitated link. If a capacitated
link is deleted with a 0 link number, the value of this field should also be set
at 0.
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5.3.23 Menu B030 — Viewing or Changing Electric Sector Network Data

ENPEP Module: BALANCE Planning Study:

Case: (B030)

Viewing or Changing Electric Sector Network Data

Type of Data to be Viewed or Changed

Last
Status Update

ONOU S WN

. Electric sector output control

. Electric sector data

. View or modify existing thermal process data

. Selectively add thermal data from PLANTDATA

. View or modify existing hydroelectric process data
. Selectively add hydroelectric data from PLANTDATA
. Electric generating unit conversions

. Fuel price links for ELECTRIC Module

Type of network data to be viewed, modified or added: (1-8, from above list)

Press "F1" for HELP, "Esc" to QUIT, or "F10" to CONTINUE.

Purpose

Menu B030 enables you to access (for the purpose of viewing or changing)
eight types of electric sector data for eventual input to the IDES FORTRAN
program. You advanced to this menu after selecting option 3 on Menu B004.
You gain access to the data described on this menu by selecting the
appropriate option, as listed below, to advance to the desired form.
Displayed on this menu for each data type are its status and the date on
which the data were last changed. Information on BALANCE's electric sector
submodule is provided at the end of this section under Background.

Options

Select this option to access electric sector output control data. These
data are used to specify whether you want to include an electrie sector
in your network, and to allow you to control input data and quantity of
output to be printed. You will advance to Form B031.

Select this option to access eleetric sector data, including network
structure and basic technical characteristics. You will advance to
Form B032. Information such as link numbers, base-year electric

production, interest rates, and load duration curve data will be
presented.

5.3-76 SR
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3 Select this option to access existing thermal process data. You will
advance to Form B033. Information such as link numbers, capacity,
capital cost, fixed and variable O&M costs, heat rate, outage rates,
minimum utilization rate, and life expectancy of each thermal unit you
have previously defined in BALANCE will be displayed.

I

Select this option to selectively add thermal data and unit information
available from the PLANTDATA Module. You will be prompted to
enter the identity (such as A, B, or C) of the disk drive on which
PLANTDATA information for the current planning study is stored.
After you have entered the requested information, you will advance to
Form B093. The information available for each unit will be the same as
that described under option 3 for existing BALANCE units.

Select this option to access existing hydroelectric process data. You
will advance to Form B034. Information such as link number, capacity,
capital cost, O&M cost, outage rates, and minimum utilization rate of
each hydroelectric unit you have previously defined in BALANCE will
be displayed.

Select this option to selectively add hydroelectric data and unit
information available from the PLANTDATA Module. After you have
indicated the disk drive on which the PLANTDATA information for this
case study is stored, you will advance to Form B094. The information
available for each unit will be the same as that described under option 5
for existing BALANCE units.

7 Select this option to access electric generating unit conversion data.
You will advance to Form B035. If an eil-burning thermal unit is
converted to a coal-fired facility, for example, relevant data can be
accessed with this option. Data on the new facilities include a link
number, capacity, incremental capital cost, O&M costs, heat rate,
outage rates, minimum utilization rate, and life expectancy.

8 Select this option to access fuel price links for the ELECTRIC Module.
You will advance to Form B036. These data include the link number
that will be used to obtain domestic and foreign fuel prices for fuel oil,
coal, gas, nuclear fuel and distillate oil. When the IDES FORTRAN
simulation is complete, these prices will be placed in a data file and
made available to the ELECTRIC Module.

F10 Press this key to continue after you select an option.
F1 Press this key to obtain on-line help.

Esc Press this key to return to Menu B004.
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Background

The electricity generation sector of the IDES model is a self—con'tai‘ned
submodule with its own computational procedures and logic that are dxstmgt
from the other parts of the module. However, the electric sector Is
embedded in the energy network and receives electricity demand (from the
output links of the sector) and fuel prices (from the input links to the sector)
over the simulation period. Given total annual electricity demand. and fuel
prices taken from the links that are output and input from the electric sec:cor,
respectively, the electric sector submodule makes the following calculations
for each year of the simulation period:

. Develops a discrete approximation of the inverse load duration curve
from a fifth-order polynomial approximation of the annual load duration
curve,

. Computes peak load from the load duration curve and total electricity
demand,

. Computes the derated capacity of each of the available electricity
generating units,

. Computes the total variable cost (variable O&M plus fuel costs) for
each available unit and orders the units on the basis of variable cost,

. Loads units in order onto the load duration curve (based on derated
capacity) to meet electricity demand, peak load, and reserve margin
requirements for the system, and

. Computes average total cost of electricity production and the amounts
of fuel consumed by each available generating unit.

The generating units available for loading in each year of the simulation
period are determined from data that you supply. For each electricity
generating unit, the year that the unit first became available (or will become
available if the unit does not exist in the base year) is a data item. The
submodule does not produce a build schedule endogenously. Rather, the dates
of availability for the units that you supply imply a prospective build
schedule, and the electric sector submodule determines the units necessary
for operation to meet electricity demand and reserve margin requirements.
Not all available units will necessarily be used to generate electricity,
however. An available unit is loaded only if its ranking in the loading order is
such that the unit is required to meet the electricity demand and reserve
margin requirements. If demand and reserve requirements are significantly
less than the capacity of available units, some units will not be needed. In
addition, the utilization rate of each unit (as determined from its prospective
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position in the loading order) must be greater than a user-specified minimum
level for the unit to be loaded. If an available unit is not needed, but it has
been used in any previous year of the simulation period (and therefore is
assumed to exist), the fixed costs of the unit (amortized capital cost and
fixed operating and maintenance cost) are included in the total cost of
electricity production. If an available unit is not needed and it has not been
used in any previous year, the unit is assumed not to have been built, and its
fixed costs are not included in the total cost of electricity generation.

Three computed variables are particularly important in the electric sector
submodule, as indicated by the preceding discussion: unit derated capacity,
unit variable cost, and average cost of electricity generation. Unit derated
capacity is computed from the following equation:

DCAP

CAP x (1 - FORC) x (1 - DMAIN / 365) (5.23)

where:
DCAP = derated capacity of the unit,
CAP = maximum continuous capacity of the unit,
FORC = forced outage rate of the unit (fraction of the time over the
course of a year that the unit is down due to unanticipated

operational problems), and

DMAIN = days per year of scheduled maintendnce for the unit.

Unit variable cost is computed from the equation:

VC = VOM / 10 + PF x HTRT / 53908 (5.24)

where:
VC = total variable cost of the unit (cents/kWh),

VOM = variable operating and maintenance cost (mills/kWh) (1 mill =
0.1 cent),

PF

fuel price ($U.S./BOE), and
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HTRT = heat rate (Btu/kWh) (1 BOE = 5,390,800 Btu; 1 kWh = 3413 Btu).

The total cost of electricity generation is computed from the following

equation:
Tc = ] [CAPC_ x CRF(i,n ) + FOM ] x CAP, (5.25)
uel
+VC x OUT_ / 100
u u
where:

TC = total cost of electricity generation in some year
($U.S./yr),

U = set of available units that are needed to meet electricity
demand, peak load, and reserve margin requirements and
units not needed to meet these requirements but that have
been operated in a previous year of the simulation period,

CAPC,, = capital cost of unit ($U.S./kW),

CRF(i,n,) = capital recovery factor for amortizing capital cost over
life of unit (n, years) at annual interest rate i,

FOM, = fixed operating and maintenance cost of unit
($U.S./kW-yr),

CAP, = maximum rated capacity of unit (kW),
VC,, = variable cost of unit (cents/kWh) from Eq. 5.24, and

OUT,, = annual electricity production by unit (kWh/year).
The average cost of electricity generation ($U.S./kW) is then:

ATC = TDC / ) OUT (5.26)
uey "

The price of electricity is taken as the average cost of electricity generation
in the model.
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5.3.24 Form B031 — Viewing or Changing Electric Sector Output Control Data

ENPEP Module: BALANCE s Planning Study: Case: (BO31)

Viewing or Changing Electric Sector Output Control Data

Electric sector: (0=does not exist, l=exists)
Echo electric sector data: (0=YES, 1=NO)

(2=converged iteration only, l=output for specified iterations, 0=no output)
1"2.3.4 5. 6.7 8.9 1234567829 1234567858
Electric sector code:

1 2 3 4 5 6 7 8 9 10 =11 U243 »14' %15
Beginning iteration:

1 2 3 4 5 6 7 8 9 10 ‘11 13 13" T4 “1H
Ending iteration:

Press "F1" for HELP, "Esc" to QUIT, or "F10" to CONTINUE.

Purpose

Form B031 enables you to view or change five types of electric sector output
control data. You advanced to this form after selecting option 1 in

Menu B030.
Options
. View or change values in the data fields deseribed below.
. Press F10 to store your changes. The data will be copied to a

temporary file (to be permanently saved when you make the proper
selection on Menu B003). You next will be prompted to indicate if the
data being saved are complete or incomplete. If they are complete,
press F10 again. If the data are incomplete, press Ese. In either case,
you will return to Menu B030.

. Press Ese to return to Menu B030 without having your changes saved.

. Press F1 to obtain on-line help.
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Data Fields

Electric Sector: This serves as a switch to indicate whether the electric
sector exists in your network. If it does, you should enter a 1 and continue
with the rest of the form. If the electric sector does not exist, you should
enter 0, press F10 to exit this form, and press F10 again to tag the data as
complete and return to Menu B004.

Echo Electric Sector Data: This field serves as a flag to indicate whether you
want to duplicate electric sector input data in the output file ELEC.OUT.
Enter a 0 in this field if you do, otherwise enter a 1.

Electric Sector Code: This field contains a set of 30 intermediate results
flags, one flag for each of 30 possible years of your planning study. These
values can be set to either 0, 1, or 2. (The echo switch of the previous field
operates independently of these flags.) If the value in the third position in
this field is set at 2, IDES will print the detailed results of electriec sector
calculations for the last converged simulation iteration of the third year. If
that value is set at 1, detailed iteration results will be printed for both the
intermediate iteration and the converged iteration. If the value is set at 0,
no output will be printed. The first and last iterations for which these
detailed results will be printed are controlled by values in the next two fields
described below. If there are fewer than 30 years in your planning study,
extra fields can be left blank.

Beginning Iteration: This field consists of 30 three-digit positions (one for
each year of your study up to 30 years) that specify the initial iteration for
which detailed results are to be printed. If you entered a 1 for a specific year
in the previous field, you can specify in this field the first iteration for which
detailed intermediate iteration results will be printed in the ELEC.OUT
output file. You must specify an initial iteration number for each year for
which you requested intermediate results in the previous field. If there are
fewer than 30 years in you planning study, the extra fields can be left blank.

Ending Iteration: This field consists of 30 three-digit positions (one for each
year of your study up to 30 years) that specify the final iteration for which
detailed results are to be printed. If you enter a 1 for a specific year in the
Electric Sector field above, you can specify in this field the last iteration for
which detailed intermediate iteration results will be printed in the ELEC.OUT
output file. You must specify a final iteration number for each year for
which you requested intermediate results. If there are fewer than 30 years in
your planning study, the extra fields can be left blank.
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5.3.25 Form B032 — Viewing or Changing Electric Sector Data

ENPEP Module: BALANCE Planning Study: Case: (B032)

Viewing or Changing Electric Sector Data

Input links:
Process output links:

Electricity output link:

Base-year production: 1000 BOE
Peak fraction: (0-1)
Reserve margin: (0-1)
Interest rate:
Load duration curve approximation method: (1=polynomial, 2=Snyder)
— Data for Snyder Approximation Method —
Minimum annual system load: (0-1)
Annual average load factor: (0-1)

= Data for Polynomial Equation Approximation Method
LDC polyn. coeff.: ' s 0

Number of cells for inverse load duration curve: (1-50)
Press "F1" for HELP, "Esc" to QUIT, or "F10" to CONTINUE.

Purpose

Form B032 enables you to view or change 12 types of basic electric sector
data. You advanced to this form after selecting option 2 in Menu B030.

Options

. View or change values in the data fields described below.

. Press F10 to store your changes. The data will be copied to a
temporary file (to be permanently saved when you make the proper
selection on Menu B003). You next will be prompted to indicate if the
data being saved are complete or incomplete. If they are complete,
press F10 again. If the data are incomplete, press Ese. In either case,
you will return to Menu B030.

. Press Ese to return to Menu B030 without having your changes saved.

. Press F1 to obtain on-line help.
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Data Fields

Input Links: This field contains integers of up to three digits to identify input
links. There may be up to 20 input links to the eleectric sector of your
network. The values of these link numbers must range from 1 to 500, or
excess positions may be left blank if there are fewer than 20 links entering

the sector.

Output Links: This field contains integers of up to three digits identifying
output links from all electricity generation nodes in your electric sector.
These link numbers must range from 1 to 500, or excess fields may be left
blank if there are fewer than 20 electric processes in the electric sector.
Quantities flowing through the output links indicated here are aggregated into
a single output link as discussed in the next field. The output link numbers
must be consistent with the output links specified for the thermal and hydro
processes specified on Forms B033, B034, B093 and B094, as discussed below.

Electricity Output Link: This field contains a number of up to three digits
that identifies a single electricity output link of the electric sector. The flow
through this link contains the total electricity generated from the electric
sector; it is an aggregate of the output links specified in the previous field.
This number must range from 1 to 500.

Base-Year Production: This field contains a 10-place value representing the
base-year electricity production expressed in thousands of BOE. This value is
used for the base-year balance; before the simulation begins, the submodule
uses this value as the base-year