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1. MODEL PACRAGE NAME

IEA/ORAU Long-Term Global Energy-CO; Model:
Personal Computer Version AB4PC

2. CONTRIBUTORS

J.A. Edmonds™ and J.M. Reilly*
Institute for Energy Analysis

Qak Ridge Associated Universities
washington, DC 20036

3. BACKGROUND HISTORY

The IEA/ORAU Long-Term Glcbal Energy-CO; Model was
developed for and supported by the U.S. Department of Energy
(DOE), Office of Energy Research, Carbon Dioxide Research
Division. The model, which was developed by J.A. Edmonds and
J.M. Reilly, was originally adapted for a main frame environment,
with the computer code written in FORTRAN IVv. The Carbon Dioxide
Information Center (CDIC) packaged the main frame version in 1984
(Edmonds and Reilly, 1984). In the summer of 1985, the mainframe
version was modified for use on an IBM personal computer (PC) as
part of a joint venture between the Institute for Enerqy
Analysis, Oak Ridge Associated Universities (IEA/ORAU) and CDIC.
This PC version was presented for the first time at a conference
in villach, Austria, on October 10, 1985. Because of the
positive response received at the conference and the large number
of requests for the PC version, a user's guide was written
(Edmonds 1986) and the PC version was packaged. At present, both
the mainframe version and the PC version of the model are
available from CDIC. Differences between the mainframe version
and the PC version are discussed in the user's guide and the
pertinent literature provided in this document.

4. FEATURES OF THE PC VERSION

The PC version of the IEA/ORAU Long-Term Global Energy-COj
Model offers the user several new features that the main frame
version did not provide. It enables the user to modify
interactively a total of 39 different major assumptions from 12
categories (e.g., population, labor productivity, and synthetic
fuel costs) through the use of an internal data editor. As in
the main frame version, modifications to the data, source

* Jjae Edmonds and John Reilly are presently with Pacific
Northwest Laboratories, 2030 M St. NW, washington, DC 20036
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code, or other assumptions can still be made with any text

editor. The internal data editor provides a way to temporarily
change assunmptilons and to identify default values of the model. ‘.’
The PC version alsoc provides the interactive capability of

displaying graphical or rabular results on a graphics monitor and
printing listings of the results. Another feature is the ease

with which the model is executed. Only three commands are needed

to execute the model after preparation and installation on the

user's PC:

RUNMODEL - This command initiates the model run. All
subsequent procedures are directed by a menu-driven
interactive set of commands.

VIEWRUN - This command initiates an interactive graphical
display program. Output can be displayed in either
tabular or graphical form.

PRINTRUN - This command sends tabular output to the printer.
All tables available in VIEWRUN are printed. Graphs
cannot be printed.

This package includes the user's guide (Edmonds 1986),
pertinent background literature, and three floppy diskettes
containing the source codes and files needed to execute the
model. The PC version of the model can be obtained in two forms:
(1) ready-to-run (executive load module) and (2) uncompiled _
FORTRAN code. w

5. MINIMUM COMPUTER HARDWARE REQUIRED TO RUN THE MODEL

(1) PC with a minimum of 520K memory
{(2) Two floppy disk drives

For graphics:

(3) Monochrome or color graphics monitor
(4) Graphics adapter

Recommended hardware:
(1) PC with a minimum of 520K memory
(2) One floppy disk drive and one hard disk drive
(3} Math co-processor
(4) Enhanced graphics display monitor
(5) Enhanced graphics adapter

The system on which the PC version was developed was an IBM XT
with a math co-processor and an enhanced graphics adapter.

6. MINIMUM SOFTWARE REQUIREMENTS

(1) IBM DOS 3.0 or a more recent version ‘.'

(2)



7. TYPICAL RUNNING TIME

Running times will vary according to the PC environment and
the number of modifications to the input assumptions that are
made. For the basic model, running times can vary from 30
seconds to greater than 30 minutes. For cases where numerous
modifications have been made, the running time may exceed 1 hour.
As long as the message "The Program is Running" appears on the
screen, the model is being executed, and the user should not be
concerned that the model has failed.

8. SCOPE OF THE MODEL

The IEA/ORAU Long-Term Global Energy-CO; Model is a
mathematical model which integrates economic, demographic,
technological, and geological factors to make long-term
projections about global energy and CO, emissions. The model can
make projections through the year 2100, with the benchmark years
being 2000, 2025, 2050, 2075, and 2100. The data base provided
contains median values for key variables and was developed as
part of a study of the uncertainty associated with future COj
emissions (Edmonds, Reilly, Gardner, and Brenkert 1985). The
model divides the world into nine global regions: 1) the United
States, 2) Western Eurcpe and Canada, 3) Japan, Australia, and
New Zealand, 4) USSR and Eastern Europe, 5) China and other Asian
Centrally Planned Economies, 6§) Mideast, 7) Africa, 8) Latin
America, and 9) Southeast Asia, and consists primarily of four
parts: (1) demand, (2) supply, (3) energy balance, and (4) CO;
emissions.

The model computes energy demand for each of six major
sources of energy for each of the nine regions. The six major
energy sources are: (1) oil, (2) gas, (3) solids (e.g., cecal, and
biomass), (4) resource-constrained renewables (i.e.,
hydroelectric power), (5) nuclear, and (6) solar. Energy demand
is a function of the population, labor productivity, economic

activity, technological change, energy prices, and energy taxes
and tariffs in each of the nine global regions.

Energy supply is disaggregated into two categories,
renewable and non renewable, and is dependent upon resource
constraints, behavioral assumptions, and energy prices for the
various regions.

The energy balance module is a set of rules for choosing
energy prices, which, on successive attempts, brings global
energy supply and demand nearer a system wide balance.

Successive energy prices are chosen until energy markets balance
within prespecified bounds.

The CO- emissions component of the model applies appropriate
carbon coef%icients to the points in the energy flow where carbon
is released after an energy balance has been reached. Carbon
releases are associated with the consumption of coal, oil, and
gas. The carbon coefficients, expressed in teragrams per
exajoules, used in the model for liquids, gases, solids, and
carbonate rock mining are 19.2, 13.7, 23.8, and 27.9,
respectively.

(3)



Further details about the model are provided in the
references at the back of this document. "'

9. METHOD OF SOLUTION

The computer program is controlled by the main program,
which calls subroutines to perform major tasks and subtasks. The
supply and demand modules determine the supply and demand
estimates for each of the six major energy sources for each of
the nine separate regions. If energy supply and demand match
when summed across all trading regions in each group for each
energy source, then the global energy system balances. Such a
result is unlikely at any arbitrary setting of energy prices.

The energy balance component of the model contains a set of rules
for choosing energy prices that, on successive iterations, brings
supply and demand nearer a system wide balance. Successive
energy prices are chosen until energy markets balance within
prespecified bounds. After the system balances, CO; emissions
are calculated for regions where oil, gas, and coal are consumed.

10. RESTRICTIONS OR LIMITATIONS

The data set provided with the computer code was developed
as part of a study of the uncertainty associated with future CO;
emissions. No attempt was made to ensure that the regionally
disaggregated pattern of energy supply was accurate. As a ".
consequence, numerous anomalous regional disaggregates appear,
and the user should therefore be cautious in using regionally
disaggregated results, particularly in the area of energy supply.
One minor discrepancy exists in the way the output is listed for
energy demand. In the OECD (Organization for Economic Co-
operation and Development) regions, energy consumption is broken
into three end-use sectors: (1) residential/commercial, (2)
industrial, and (3) transport whereas in the remaining six
regions, final energy consumption is grouped into a single
aggregate sector.

In some cases where several of the default values are
changed to either extremely high or extremely low values, the
model will be unable to attain an equilibrium and consegquently
will not produce any results. A shortcoming of the PRINTRUN
command is that it prints the tables or graphs that the model has
created but does not provide a listing of the default values or
changed values that have been used to cobtain the results. To
obtain a listing of these values, the user must print the
assumption screen or manually record the values before running
the model. A screen listing can be obtained by pressing [Shift]
[PrtSc). For users with Professional Graphics Display monitors,
occasionally when the graph option of VIEWRUN is in use, the
message " *ERROR* unable to open device*" will appear. This is
the result of a problem with the IBM Virtual Device Interface,
which seems to occur at random and has only been encountered with
the Professional Graphics Display monitors. 1If this happens, ‘.'
type VIEWRUN and try the graph option again.

(4)
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13. HOW TO OBTAIN THE PACKAGE
The package may be requested from

Carbon Dioxide Information Center
Oak Ridge National Laboratory
Dak Ridge, TN 37831-6050
Telephone: (615) 574-0390

FTS 624-0390

14. COMPUTER MODEL PACKAGE PREPARED BY:

Thomas A. Boden - package coordination
Steven E. Reynolds - computer programming and graphics

It should be noted that each computer model package (CMP)
and numeric data package (NDP) assembled by CDIC is subjected to
a process for ensuring the guality of the model or the data.
This process includes reviews by the contributors of the data to N
ensure that, in compiling the data or model, CDIC does not ‘l'
misrepresent or inaccurately describe the model or data. Neither
NDPs or CMPs are distributed by CDIC without the written consent
of the contributors.
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PC PREPARATION AND INSTALLATION

The PC version of the IEA/ORAU Long-Term Global-Energy COp
Model can be run on most graphics monitors and adapters. This 1is
done by using the Virtual Device Interface developed by IBM. The
device driver for this interface is installed in the CONFIG.SYS
file and is initialized in the AUTOEXEC.BAT file. All of the
installation and initialization is done by the CO2INSTL.EXE
program. To begin, follow the steps listed below under either
Floppy Disk System or Hard Disk System.

Floppy Disk System

Step 1: Make duplicate or backup copies of the three diskettes
provided in the package.

Step 2: Place disk A into drive A and disk B into drive B
and start the installation procedure on the system
either by turning the PC on or, if it is already on, by
pressing [Ctrl], [Alt], and [Del] simultaneously.
Note that diskette C is not used in floppy disk

systems. This diskette contains the source code for
the model.

Step 3: If the Virtual Device Interface driver has not already
been installed, then the COZ2INSTL.EXE program is started
and the user is prompted for the type of installation,
as illustrated below. The correct response is F or £,
followed by a carriage return.

e pp—— PR g L il ki et

@ e - A L L St A S Sk S e e e o SR S S

[H]ard disk drive
[Flloppy disk drive

[0]luit the installation procedure

Enter H, F, or Q for your type of disk: £

(7)




Step 4:

After selecting the type of disk installation, the user
is asked for the type of display for his/her system.
The user then selects the appropriate display from the
choices given, followed by a carriage return.

-..——-_g.-———-.—————..-——--n.-————.p—_——-——--n-.-—————-—————..-———-

——_.——-——p———-.———-——.—————u———-—...——--—.———.——.—————_————--*——

[(Mlonochrome graphics adapter
[Clolor graphics adapter
[E]nhanced graphics adapter
[Plrofessiconal graphics adapter
[(Qjuit the installation procedure

Enter M, C, E, P, or Q for your type of display:

Step 5:

Step 6:

Next, the user must restart the system by simultaneously
pressing [Ctrl], [Alt], and [Del]l. The installation 1is
now complete, and the model is ready to be run. From
this point forward, whenever +he model is to be run, the
user must insert disks A and B inteo drives A and B,
respectively, followed by a restart of the system
(either turn your PC on or, if already on, press [Ctrl],
[Alt], and [Del] simultaneously).

The user is now ready to run the model. For
instructions on running the model, refer to page 15 of
the user's guide (Edmonds 1986) provided in this
package. Directions on how to alter assumptions, print
results, or view tables and graphs are provided in the
user's guide.

(8)



Hard Disk System

Step 1: Make duplicate or backup copies of the three diskettes
provided in the package.

Step 2: Create a new subdirectory on the hard disk
{e.g., MD\CO2MODEL) .

Step 3: Copy all three diskettes (A, B, and C) to the new
subdirectory.

Step 4: Make the new subdirectory the default or active
directory (e.g., CD\CO2MODEL}, and type CO2INSTL,
followed by a carriage return.

Step 5: The user will be prompted for the type of installation.
The correct response is H or h for hard disk followed by
a carriage return.

Type of Disk Installation
[Hlard disk drive
[Flloppy disk drive
[QJuit the installation procedure
Enter H, F, or Q for your type of disk: h
Step 6: The user will then be prompted for the disk drive letter

of the boot drive. The correct response depends on how
many floppy drives the user has installed. If two
floppy drives were installed, the correct response

ig C. 1If there are three floppy drives then the correct
answer is D, and so on.

Enter the drive letter (probably C or D}:

(9)




Step 7:

The user is then asked for the type of system display.

@ e = e — e U A G Gl R S R e sk S W T oW T SR M e S o e e e 2 SRER SR S e = e e v

——..————--————-——u-——-—_—..————-—...—.—_-—_—_..-.—_.————n—.-————_——_...

[M]onochrome graphics adapter
iClolor graphics adapter
[Elnhanced graphics adapter
iPlrofessional graphics adapter

[0luit the installation procedure

Enter M, C, E, P, or Q for your type of display:

Step 8:

Step 9:

When the installation is complete, the user must restart
the system by simultaneously pressing [Ctrl], [Alt],

and [Del]l. The installation is now complete, and the
model is ready to be run.

The user is now ready to run the model. For
instructions on running the model, refer to page 15 of
the user's guide (Edmonds 1986) provided in this
package. Directions on how to alter assumptions, print
results, or view tables and graphs are provided in the
user's guide.

(10)




USER'S GUIDE TO THE MODEL

Edmonds, J. A. 1986. User's Guide to the IEA/ORAU
Long-Term Global Energy Economic Model with
Carbon Dioxide Emissions: Personal Computer
Version A84PC, Institute for Energy Analysis,
Oak Ridge Associated Universities.
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PREFACE

The personal computer version of the IEA/ORAU long-term global
energy-economic model with CO2 emissions was unveiled at the Villach
Conference on October 10, 1985. The model had been transferred from the
main frame environment in which it had been previously resident to an IBM
PC during the summer of 1985. This work proceeded as a joint venture
between the Oak Ridge Associated Universities, Institute for Energy
Analysis (ORAU/IEA) and the Oak Ridge National Laboratory, Carbon Dioxide
Information Center (ORNL/CDIC). Mike Farrell coordinated the effort for
ORNL. Steve Reynolds applied computer magic.

The response at the meeting was overvhelming. I left the meeting with
a2 long list of persons requesting a copy of the PC version of the model.
This user's guide is a direct outgrowth of the demand for a usable model of
future global fossil fuel CO2 emissioms.
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CHAPTER 1
INTRODUCTION

This document is intended to enable a user to use the personal com-—
puter version of the IEA/ORAU Long-Term Global Energy-Economic Model with
foasil fuel CO9 emissions. It provides the user with a brief introduction
to the model, its nature and its capabilities (Chapters I, II, ITII). 1Its
main objective is to enable the user to run the model and obtain output.
This discussion is conducted at two levels: general user (Chapters IV and
V) and technical specialist (Chapters VI and VII).

NOTE: To obtain a copy of the model contact the
Carbon Dioxide Informatiom Center
P.0. Box X
Oak Ridge, TN 37831
The model is available in two forms: (1) ready to run
(executive load module) and (2) uncompiled FORTRAN
code. Users who wish to obtain the Fortran code must
have access to their own compiler to wodify and/or
run the model.

This gulde assumes that the user has already installed the model, as

delivered from CDIC, on their IBM personal computer. To run the model, the
following hardware is necessary:

IBM PC with > 520K

To run the color graphics output module the user also needs to have access
to

IB¥ Color Monitor
Color Graphics Board

Note: The program will display tabular but not
graphical output on any monitor.

Another useful piece of hardware is a printer.

The model was developed for the U.S. Department of Energy, Office of
Energy Research, Carbon Dioxide Research Division to assist them in their
study of energy and global climate change. This model analyzes the
relationship between ecomnomic, technological, demographic, and geological
factors influencing the long-term production, consumption and trade of
energy on a global scale. An additional module computes the emission of
CO7 as a function of fossil fuel use.

(21}



Time Scale: The model is a long—term forecast. It can be rumn as far
into the future as the year 2100. Benchmark years are, 2000, 2025, 2050,
2075, and 2100.

Geopolitical Scale: The model covers energy production and use for

the entire world. The world is divided into nine global regions (Figure
1.1):

Latin America
South and East Asia

1 UsA

2 MWestern Europe and Canada

3 Japan, Australia, and New Zealand

4 USSR and Eastern Europe

5 China and other Asian Centrally Planned Economies
6 Mideast

7 Africa

8

9

Other aggregates that will be referred to in this user's guide are:

Aggregate Regions Included
OECD (Organization for 1424+ 3

Economic Co-operation
and Development)

North 1+ 2+3+4
South 54 6+7+8+ 9
CPE (Centrally Planned 4 4+ 5

Economies)

The Data Base: The data base provided with this code is one which
contains median (best guess) values for key variables. This data set was
developed as part of a study of uncertainty in future CO; emissions. The
researchers felt comfortable with the resulting global aggregate forecasts
generated by this data set and model. No attempt was made to insure that
the regionally disaggregated pattern of energy supply was reasonable. As a
consequence numerous anomolous regional disaggregates appear. The user is
cautioned to take care in the use of regionally disaggregated results
particularly in the area of energy supply. Neither the authors nor the Oak
Ridge Assoclated Universities, nor CDIC, nor the U.S. Department of Energy,
nor the U.5. Government make any warranty, expressed or implied or assume
completeness or usefulness of any information contained in this document or
in the model it describes,
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CHAPTER II
MODEL STRUCTURE: AN OVERVIEW

This chapter discusses the general workings of the model and is
included for those users who are not familiar with the model's structure.
A complete understanding of the model is not an essential prerequisite for
using the model.

The model can be thought of as consisting of four parts: demand,
supply, emergy balance, and COp emissions. The first two modules determine
the demand of and supply for each of six major primary energy categories
(1isted in Table 2.1.) and in each of the nine global regions (discussed in
Chapter I). The energy balance wodule ensures model equilibrium in each
global fuel market. (Primary electricity is assumed to be untraded, thus
supply and demand balance in each region.) The CO7 emissions module is a

post—-processor. Five benchmark years were chosen for scenarios—-2000,
2025, 2050, 2075 and 2100,

TABLE 2.1. PRIMARY FUEL TYPES IN THE IEA/ORAU ASSESSMENT FRAMEWORK

1.0 011

1.1 Conventional oil

1.2 Enhanced recovery, shale oil, and tar sands
2,0 GCas

2.1 Conventional gas

3.0 Solids

3.1 Coal

3.2 Biomass

4.0 Resource-constrained renewables

4.1 Hydro, geothermal

5.0 HNuclear

6.0 Solar (ex. Biomass)

6.1 Solar electric (other solar 1s associated with conservation},

wind, and tidal power, ocean thermal energy conversion, fusion
and other advanced renewable technologies.

Energy Demand

Energy demand for each of the six major fuel types is developed for
each of the nine regions separately. Four major exogenous inputs determine
energy demand: population, labor productivity, exogenous end-use energy
efficiency improvement, and energy prices. {Note: While prices are exog-
enous to the Energy Demand Module they are endogenous to the full model.)

(25)



The model calculates base GNP directly as a product of labor force and
labor productivity. An estimate of base GNP for each region is used both
as a proxy for the overall level of economic activity and as an index of
income. The base GNP is, in turn, modified within the model to be
consistent with energy—economy interactions. The GNP feedback elasticity
is regional, allowing the model to distinguish energy supply dominant
regions, such as the Mideast where energy prices and GNP are positively
related, from the rest of the world where the relationship is inverse,

The exogenous end-use energy efficiency improvement parameter 1s a
time—dependent index of energy productivity. It measures the annual rate
of growth of energy productivity which would go on independent of such
other factors as energy prices and real incomes. In the past, techno-
logical progress and other nonprice factors have had an important influence
on energy use in the manufacturing sector of advanced econcmies. The
inclusion of an exogenous end-use energy efficiency improvement parameter
allows scenarios to be developed that incorporate either continued
improvements or technological stagnation assumptions as an integral part of
scenarlos.

The final major energy factor 1influencing demand 1is energy prices.
Each region has a unique set of energy prices derived from world prices
{determined in the energy balance couponent of the model) and region-
specific taxes and tariffs. The model can be modified to accommodate
nontrading reglons for any fuel or set of fuels. It 1is assumed that no
trade is carried on between regions in solar, nuclear, or hydroelectric
power, but all regions trade fossil fuels.

The energy~demand module performs twe functions: it establishes the
demand for energy and its services and it maintains a set of energy flow
accounts for each region. O0il and gas are transformed into secondary
liquids and gases used either directly in end-use sectors or indirectly as
electricity. The solid primary fuels, coal and biomass, can either be used
in their solid forms or may be transformed into secondary liquids and gases
or electricity. Hydro, nuclear, and solar electric are accounted directly
as electricity. Nonelectric solar is included with conservation tech-
nologies as a reduction in the demand for marketed fuels.

The four secondary fuels are consumed to produce energy services. In
the three Organization for Economic Co-Operation and Development (OECD)
regions, energy is consumed by three end-use sectors: residential/
commercial, industrial, and transport. In the remaining regions, final
energy is consumed by a single aggregate sector.

The demand for energy services in each region's end—use sector(s) is
determined by the cost of providing these services and by the levels of
income and population., The mix of secondary fuels used to provide these
services is determined by the relative costs of providing these services
using each alternative fuel. The demand for fuels to provide electric
power is then determined by the relative costs of production, as is the
share of oil and gas transformed from coal and biomass.

(26)



W Energy Supply

\ "4

Energy supply is disaggregated into two categories, renewable and
non-renewable. This categorization is given in Table 2.2.

TABLE 2.2. RENEWABLE AND NON-RENEWABLE ENERGY SUPPLY TECHNOLOGIES
IN THE IEA/ORAU LONG~TERM ENERGY ECONOMIC MODEL

Non-Renewable Renewable
Conventional 0il Hydro
Unconventional 0il Solar Electric
Natural Gas Biomass

Coal

Nuclear*

*Note that if the breeder reactor is assumed, this technology becomes a
renewable one.

Energy supply from all fossil fuels is related directly to the re-
source base by grade, the cost of production (both technical and environ-
mental) and to the historical production capacity., The introduction of a
graded resource base for fossil fuel (and nuclear) supply allows the model
to explicitly test the importance of fossil fuel resource constraints as
well as to represent fuels such as shale oil in which only small amounts

are likely available at low costs but for which large amounts are
potentially available at high cost.

Note here that nuclear is treated in the same category as fossil
fuels. Nuclear power is constrained by a resource base as long as light-
water reactors are the dominant producers of power. Breeder reactors, by
producing more fuel than they consume are modeled as an essentially
unlimited source of fuel available at higher cost.

A rate of technological change is now introduced on the supply side.

This rate varies by fuel and is expected to be both higher and less certain
for emerging technologies.

Energy Balance

The supply and demand modules each generate energy supply and demand
estimates based on exogenous input assumptions and energy prices. If
energy supply and demand match when summed across all trading regions in
each group for each fuel, then the global energy system balances. Such a
result is unlikely at any arbitrary set of energy prices. The energy
balance component of the model is a set of rules for choosing energy prices
which, on successive attempts, brings supply and demand nearer a system-
wide balance. Successive energy price vectors are chosen until energy
markets balance within a prespecified bound. Figure 2.1 graphically
depicts the process by which global energy balance is achieved.

(27}
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Coo Release

Given the solution from the energy balance component of the model, the
calculation of CO; emissions rates 1s conceptually straightforward. The
problem merely requires the application of appropriate carbon coefficients
(carbon release per unit of energy) at the points in the energy flow where
carbon is released. Carbon release is associated with the consumption of
oil, gas, and coal. Significant carbon release is also associated with
production of shale oil from carbonate rock. A direct zero carbon release
coefficient is implicitly assigned to nuclear, hydro, and solar power and
to conservation. Actual calculation of CO; emissions is made somewhat more
complex by the need to appropriately account for flows of carbon that are
not oxidized (see Figure 2,2).

Considerable literature exists concerning appropriate values for CO,
coefficients. Those in Table 2.3 were calculated at IEA/ORAU by Gregg
Marland and Ralph Rotty. The coefficients are representative of average
global fuel of a given type and are consistent with the model's CO; .
accounting conventions as indicated by Figure 2.2.

TABLE 2.3. CO, COEFFICIENTS IN THE IEA/ORAU,
LONG-TERM ENERGY-CO, MODEL

(in Tg/EJ)
Fuel Carbon
Liquids : 19,2
Gases 13.7
Solids 23.8
Carbonate rock mining 27.9

(29)
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CHAPTER III

RUNNING THE MODEL: AN OVERVIEW

The following four chapters are designed to cover basic skills
necessary to run the model. Any model has three elements: 1) assumptions,
2) the model, and 3) results. For the purposes of the user's guide the
model is taken as given. (For the advanced user, the model code is
available from CDIC and can be modified.)

The four chapters that follow discuss how to generate assumptions for
the model and the different forms of output available. Material covered in

those four chapters is summarized in Table 3.1 and Figure 3.l.

TABLE 3.1. SUMMARY OF MATERIAL IN CHAPTERS IV, V, VI, and VII

Chapter Material Covered
v Basic steps necessary to determine values for major

assumption parameters and to run the model. A single
command, RUNMODEL, initiates an interactive program.
Summary results of the model run are written to a file
called RESULTS.DAT.

v Two commands that generate summary output are discussed:

VIEWRUN: Initiates an interactive video
display program. Output can be
viewed in either tabular or graphic
form.

PRINTRUN: Orders tabular output to printer.
All tables available in VIEWRUN are
printed. Graphs are not printed.

Vi Documents procedures by which a user can modify any
assumption. All assumptions are specified in tabular
form in a file called NIEA.DAT. Procedures assume the
user has his own text editor program.

VII Procedures are discussed which allow the user to print
detalled output from each run. The procedures require

the user to supply their own text editor to wodify
specific items in the file NIEA.DAT.

11
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The general flow of the model is displayed in Figure 3.1, moving from

left to right across the page:

w
(1)
(2)
(3
(4)
o

RUNMODEL: a single command initiates the model run. All

subsequent procedures are directed by an interactive set of
commands.

Read Data FPiles: the master data file NIEA.DAT is read.

Advanced users may modify NIEA.DAT to generate scenarlos based on
specific assumptions. The general user has access to 39 major
assumptions through an interactive data editor.

Internal Data Editor: the model next calls an internal data
editor. This interactive program allows a user to inspect and/or
change any of 39 different major assumptions. When the user has
finished inspecting and/or mwodifying assumptions, the model
continues to compute the energy and CO; emissions consequences of
that set of assumptions.

Print Results: 1if the model was instructed to print detailed
outputs, detailed outputs are sent to the prinoter, which is the
only place they are recorded. Special modifications to the
NIEA.DAT data base are necessary to cause detalled output to be
recorded. (See Chapter VII,) 1Im all cases summary output is
written to a file (either floppy disk or hard disk) under the
name RESULTS.DAT. The first program then terminates.

To obtain either a visual display on the video screen or a printout of

the summary output, one types either VIEWRUN {(to initiate an interactive

output display) or PRINTRUN (to print all tables available in VIEWRUN).



CHAPTER IV
RUNNING THE MODEL: BASIC TOOLS

This chapter is intended for a general audience to demonstrate how to
run the model. The principal command involved is the RUNMODEL command.
RUNMODEL allows the user to select assumptions and run the model. The
process is outlined in Figure 4.1.

RUNMODEL: SETTING ASSUMPTIONS AND RUNNING THE MODEL

Overview

To inspect and/or modify input assumptions:
Type: RUNMODEL
Press: Return key
Wait for the main assumptions menu to appear
Select the category you wish to inspect and/or modify and return
- If necessary, select the sub-category you wish to inspect and/or
modify and return
~ Inspect and/or modify default assumptions
= Run the wmodel

EXAMPLES

We will run two cases as examples of how to run the model.

Example 1: Running the base case;
Example 2: Running a case with a revised nuclear resource assumption.

Example l: The Base Case

The model comes with z set of default assumptions. To simply run the
model with those assumptions.

Type: RUNMODEL
Press: Return key

15
(35)
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Result: Credits screen appears (Figure 4.2a). This figure

may remain on the screen for a minute or more while
the model reads data.

e N
THE IEA/CRAD LONG-TEIM

CLOMAL ENERGT-ECONOMIC MODEL
¥ITH C0; DUSSIONS

n
JAE EZIMONDS
. AND
JOEN REILLY
INSTITUIE FOR ENERCY ANALISIS
OAK LIDCE ASSOCLATED UNIVERSITIES

oL
CAREON DIOXIDE RESEARCE DIVISION
0.S. DEPARTMENT OF ENERCT

DISTRISUTED AT
CARBON DIOIIDE INFORMATION CESTIX
QAKX LIDGE MATIONAL LABORATOXY
OAK RIDGE, TF 37331

UNDER CONTRACT ¥0: DE~ACDS-750R00013

COPTRICHT 1983
THE PROGRAM IS RUNNING

Figure 4.2a. Credits Screen

The Input Assumptions screen (Figure 4.2b) automatically appeats
when the program is ready to run.

- & gy

soe sne ]
sse  INPUT ASSUMPTIONS  ®ee
sow *+o
.o sssssssssentrebnse

THERE ARE TWELVE INPUT ASSUMPTION CATEGORIEE OPEN

70 USER INSFECTION AND/OR MODIFICATION. SELECT ONE
OF THE FOLLOWINGs

POPULATION

LABOR PRODUCTIVITY

END-USE ENERG'Y EFFICIENCY

INGOME EFFECTS

PRICE EFFELTE

RESDURCE BASE

TECHNOLOGICAL CHANGE IN ENERGY PRODUCTION
ENVIRONMENTAL COSTS OF ENERGY PRODUCTION
MARKET PENETRATION SUPPLY TECHNOLOGY

10 SOLAR AND BIOMASS ENERGY COSTS

11 SYNFUEL COSTE

12 WNUNBER OF FORECAST PER1QDS

ABUFUAUN>

0 NONE OF THE ABOVE. RUN THE RMODEL.

k ENTER YOUR CHOICE, THEN PRESS RETURN smremms) /

Figure 4.2b. Input Assumptions Screen

(37
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In this example we wish to run the base case. We therefore select
choice @.

Type: @
Press: Return key
Result: The credits screen will reappear (Flgure 4.2a).

At the conclusion of the model run, the program will write on your
screen:

"WRITING COMPLETE..."
"Stop—-Program terminated.,” (Figure 4.3.)

NOTE: Basic Model Run Times. Run times will vary
according to the particular PC enviromment, from as
short as 30 seconds to as long as 20 minutes.

When assumptions are modified run times will be
extended even further.

4 N\

FOR
CARBON DIDXIDE RESEARCH DIVISION
W.S. DEPARTMENT OF ENERGY

DISTRIBUTED BY
CARBON DIOXIDE INFORMATION CENTER
CAK RIDGE NATIDNAL LABORATORY
0OAK RIDGE, TN 37831
UNDER CONTRACT NO: DE-ACOZ-750RQ00IT

COPYRIGHT 1983
THE PROGRAM IS RUNNING

WRITING COMPLETE...

Stop — Program terminated.

Cr\COTMODEL >

Figure 4.3, Program Termination

We have successfully run the model.

(38)
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Example 2: Creating a New Case

In this example we would like to see the effect of two assumptions on
the model.

1. A small uranium resource base (5000 exajoules), and
2. No breeder reactors

To do that we will need to change some assumptions:
l. Start the model

Type: RUNMODEL
Press: Return key
Result: Credits screen (Figure 4.4) appears for
approximately a minute;
Input Assumptions Menu (Figure 4,5a) appears next.

e )
THE IZA/ORAD LONG-TERM

GLOBAL ENERGT-ECONOMIC HODEL
VITE C0; EMISSIONS

3 4 .
JAE EDHONDS 1
' AND
JOHBN REILLY
INSTITUTE FOR ENERGT ANALYSIS
OAX LIDGE ASSOCLAYID ONTVERSITIES

roR
CARRON DIOXIDE RESEARCH DIVISION
U.3. DEPASTMENT OF ENERGY

DISTRIMCUTID Y
CARBON DIOXIDE INFORMATION CENTER
OAK RKIDGE MATIONAL LABOEATORY
CAX RIDGE, T 237811

UNDER CONTRACT NO: DE~ACDS-760RD003]
. COPYRIGET 1985
\\_¥ , THE PROCRANM IS LUNNTXNG ),//

Figure 4.4, Credits Screen

(39)
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SELSERPH PRSI EABELIVIBROEBERS

osne one
Laad INPUT ASSLIWTIONS  see L
S48 * 0

BS54RS HEDSS S BRRRGRTLESOD

THERE ARE TWELVE INPUT ASSUMPTION CATEGORIES OPEN

TD USER INSFECTION AND/OR MODIFICATION. SELECT ONE
OF THE FOLLOWINGs

POPULATION

LABOR PRODUCTIVITY

END-USE ENERGY EFFICIENCY

INCOME EFFELTS

PRICE EFFECTS

RESOURCE BASE

TECHNOLOGICAL CHANGE IN ENERGY PRODUCTION
ENVIRONMENTAL COSTS OF ENERGY PRODUCTION
MARKET PEMETRATION SUPPLY TECHNOLOGY

10 SOLAR AND BIOMASS ENERGY COSTS

11 SYNFUEL COSTS

12 NUMBER OF FORECAST PERIODS

SANEUAEUN-

0 NONE OF THE ABOVE. RUN THE RODEL.

i ENTER YOUR CHOICE, THEN PRESS RETURN ewrows) J

Figure 4.5a. Inputs Assumptions Screen

2. TFind the uranium resource and nuclear technology assumptions

Type: 6 (for RESQURCE BASE) (Figure 4.5b)

Press: Return key

Result: Screen changes to "ENERGY SUPPLY ABSUMPTIONS:
RESOURCE BASE FOR ENERGY SUPPLY."

P BRI NISEPOLRAINLYOSOIORELIDES
s o5

es INFUT ASEUMPTIONS Lad

Lo

L 2 o]
P S T T T T S L S el e bt b

THERE ARE TWELVE INPUT ASSURPTION CATEGDRIES OPEN

TO USER INSFECTION AID/OR MODIFICATION. SELECT DNE
OF THE FOLLOWING:

POPULATIDN

LABOR PRODUCTIVITY

END~USE ENERGY EFFICIENCY

INCOME EFFECTS

PRICE EFFECTS

RESOURCE BASE

TECHNOLOGICAL CHANGE 1N ENERGY PRODUTTION
ENVIRONMENTAL COUSTS OF EvERGY PRODUCTION
maRy ET PENETRATIDN SUPPLY TEIWNOLDGY

10 SOLAR AND PIDMASS ENERGY COSTS

11 BYNFUEL COSTS

17 NUMBER OF FORECAST PERIDDS

40N AMUNS

0 NDME DOF THE AROVE. RUN THE oo

ENTER YOUR CHOICE., THEM FRESS RETURN ea=

_/

Figure 4.5b. Selecting the Resource Base Assumption Category

(£0)



Type:

Press:
Result:

S5 (for NUCLEAR POWER) (Figure 4.6)
Return key
Screen changes to "RESQOURCE BASE:

NUCLEAR POWER™ (Figure 4.7).

\.

-

YOU MAY EXAMINE AND/OR CHANGE AZZTAWTIONS 7GR ANY OF S BEm Sy
SUFFLY CATESORIES ONE AT A TIME. IN ANY OFTER. SELECT ONE
OF THE FOLLCWING:

<= CDAL
4= SHALE QIL
S= NUCLEARR POWER
OR
O= NONE OF THE AEVE. RETURM TO MAIN MEN
TYFE YOUR CHGICE: 1,2,3+4.2 OR O, THEN PREZS RETURM, J

EMERGY SUFPLY ASIUMPTIONS:
ooe RESTOURCE BASE FUR EERGY FFFLY ¢we

1= CONVENTIONAL O
o= NATURAL GRS

Figure 4.6.

The Resource Base Screen: Choosing the Nuclear Option

(/”

RESCURCE BASE: NUCLEAR PQWER

NOTE:
1.

-
-

CONCE=T= TOTAL REZOVERABLE REEGURCES REMAIMING, INCLUDING

UNTTS=

REGION= GLOBARL

02 QU WISH TO ACCEST THWE DEF=ULT ASSUMPTIONT TYFE EITHER “"YE:Z™

CA *NOY. THEMN FREZS RETURN.

“‘\\

FOR NUCLEAR POMWER TWO ASSUMFTIONS MUST BE SFECIFIED:
THE ELECTRIC POWER EQUIYALENT REZCURCE-ERSE OF
URANIUM AVAILABLE WITH CONVENTIGHAL LIGATWATER
REACTOR TECHNOLOGY
WHETHER OR NOT TO INTRODUCE BREZSER REACTORS.

DISCOVERED AND UNCISCOVERED RESOURCES QVER ALL
CJsT GRADATIONS, UNPRODUCED AS OF t97%, BUT
PRODUCIELE WITH KNOWN TETHNOLOGIZES.

EXAJOULES

LOW ESTIMATE = ( 0.)
MESIAN ESTIMATE {14T00,)
MIGH EETIMATE {Z700C, )
DESwULT ASSUMPTION 14427,

L2

Figure 4.7. The Nuclear Assumption Screen

(41)
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3. Change the Default Assumptions
"The Resource Base: Nuclear Power”™ screen (Figure 4.7).
(1) describes the concept for the assumptions

{(2) gives units
(3) gives geographical aggregation

(4) shows low, median, and high values for the assumption

(5) shows the default assumptions

We are now asked: “Do you wish to accept the default

assumption? Type either 'yes' or 'mo.' Then press return.”

NOTE: The Default Assumption. The default assumption
is the assumption (supplied in the base data set) the
program will use this assumption unless you specif-
ically change it. Once changed, the revised assumption
becomes the new default for that run, but that run
only. Each time you begin a new model run by typing
RUNMODEL you return to the original base case
assumption. The program gives you an opportunity

to examine and/or change most of the major
assumptions in the base data set.

NOTE: Pressing the Return Key. Pressing the returm
key leaves assumptions unaltered and will return you to
a8 previous screen. At this point in the example you
can press the return key., This takes you to the
"Energy Supply Assumptions: Resource Base for Energy
Supply”™ screen {Figure 4.6). To return to the
"Resource Base: Nuclear Power™ screen (Figure 4.7),
type 5 and press the return key.

Since we wish to change the uranium resource base assumption our

response to the question "DO YOU WISH TO ACCEPT THE DEFAULT
ASSUMPTION?" is no.

Type: No (Figure 4.8)

Press: Return key

Result: Program prompts us to enter the desired
assumption (Figure 4.9)

{42)
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RESDURCE BASKE: MUCLEAR POWER

NOTE: FOR MCLTAR POLER TWO ASIIPTIONS WUST BE SPECIFLED:
1. THE BLECTRIC POMER ECUIVALENT RESOURCE BASE OF
URANIUN AVAILANLE WITH CONVENTIONAL LIGHTWATER

REACTOR TECHNOLLGY
=. WETMER OR NOT TO INTROCAKCE BREECER REACTORS.
COMCEPTe TOTaL RECOVERAME RESOURCES REMAINING, INCLLDING
OISCOVERED AND UNDISCOVERED AESOURCES OVER ALL
COST GAADATIONS, UNPRODUCED AS OF 1972, BT
PRODUCTIBLE WITH xWOWN TEDKR.OGIES.
UNITE= EXAIOLLES
REGION= SL08AL

LOW ESTING TE e { 8.}
MEDIAN ESTIPATE~=—-(14200.)
HIGH EETIRATE ~—wr{T7000. )
DEFALLT ASSIEWTION 1843%,

00 YOU WISH TO ACCEFT THE DEF *TION? TYPE [ITHER “YES®
o =wO*, THEN PREZS AETUAM.

J

Figure 4.8. Rejecting the Default Assumption

(

RESOUACE BASE: MXDEARR POWER

MOTE:  FOR NUCLEAR POUER TWO ASSUITIONT MUST BE SPECIFIED:
BASE OF

1. THE DECTRIC POMER ECUIVALENT RESDURCE
URENILM AVAILANKE WITH COMVENMTIONAL L IGHTWATER
REACTON TECHHOLOGY

2. WETHER OR NOT TO INTRODUCE BSEESER REACTORS.

CONCEFTe TOTAL RECOVERABLE REZIURCES REMAINING. IMNCIIIDING

DISCOVERED #NO UNDIECSVEFED KESDURCES OVER ALL
CS5T ORADATIGNS. LINFRODUCED a4S OF 19735, BT
FROCUCTISLE WITH KNOWN TECHNOLOGIES.

UNITSs DIAIOLES

REGIOHs @_OBAL

e ETIMATE————( Q.)
MEDIAN ESTIMATE-—— (14200,
MIGH ESTIMATE. (STH00. )
BEFAAT ASSUMPTION J44=.

DO YOU WisH TO ACCEPT THE DEFCAT ASSUMPTIONT TYPE EITMER “vES-

OR *NO". THEN PREES RETURN., wmang

—“\\

TYPE DETIRED ASSUPRTION, WHICH MAY BE ANY VALLE BETSEEN Q. AND 9994wy, .

THEM PREES AETURN., s -

\

/

Figure 4.9.

(43)

Prompt to Enter Nuclear Resource Assumption
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NOTE: Assumption Prompt. The assumption prompt tells

you to enter a new assumption and gives bounds on the
values the new assumption can take. For example, in
Figure 4.7 the bounds $-9999999 are given. Here it
makes no sense to have a negative value for the
resource base, so a lower bound of zero is given. If a
value is typed that lies outside these bounds, the
progran will write "!!! ILLEGAL ENTRY!I! TRY AGAINI!!T
and the program automatically returns to the beginning
of step 3, Figure 4.7.

We wish to use a resource base of 5000,

Type:
Press:

5000 (Figure 4.10)
Return key

Result: Program repeats the assumption it was given and

asks if the value 1is correct {Figure 4.11).

-

REEDRCE BASZE: MUCLEAR POWER
HOTE:

CONCEPT= TOTAL RECOVERABLE RESOUSCES REMAINING, INCLLDING

UnITSa EXAJOULES
REGION= GLOCBAL

~

FOR MUQLEAR POWER TWO ASSURATIOMNS MUST BE SFECIFIED:
1. THE ELECTRIC POWER EDUIVALENT REEOUARCE BASE OF
URANILM AVAILARLE WITH CONVENTIOMAL L ISHTWSTER
REACTOR TECHMOLOOY
2. WHETHER OR NOT TD INTRODUCE ERECTEF REALTORS.

DISCCVERED AND UNDIECOVEFRED RESCURCES OVER AL
COST GRADATIONT, UNPRODUCED A3 OF 1973, RUT
PRODUCIBLE WITH KNDWMN TEOHNOLOGIES. ’

LW ESTTMATE - ( 0.2
PFEQLIAN ESTIRATE—(14504.)
HiGH ESTIMATE—— 7000, )
DEFALR.T ASSUMPTION 14477,

DO YOU WISH TO ACCEFT TRE DEFAULT ASSURPTION? TYFE EITWEP °VES®
OR *NM]", THEN PFRESS RETURN, === .ng

TYFE DEZIRED 4SSUMPTIO 8y MAY BE ANY VALLE BETWEEN 0. AND 91999%9,
k THEN FREZS RETURN, et /

Figure 4.10. Entering New Resource Base Assumption
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1. THE ELECTRIC MOWER ECUIVALENT RESOURCE BASE OF
URANIUM AVAILABLE WITM CONVENTIONAL LIGHTWATER .
REACTOR TECHNOLOGY "
3. WHETHER Ok NOT TO INTRODUCE BREELER REACTORS.
CONCEPT= TOTAL RECOVERABLE RESCURCES MEMAINING. INCLUDING .
DISCOVERED AND UNDISCOVEFED RESDURCES OVER ML .
COST GRADATIONS. UNSRODUCED aS OF 1¥73, BUT
PROCUCIBLE WITH ANOWM TECHNOLOGIES.
UNITS= EXAJOULES
REGION® GLIBAL
-
LOW ESTIMATE———(  @.}
MED AN ESTIMATE— {1400, )
AIGM ESTIMATE (27000.)
DEFAULT ASSUNWTION 14473,

DO YOU WIEHM TO ACCEFT THE DEFAAT ASSMPTION? TYPE EITHER "YES®
" "NO°, THEN PRESS RETURN. ms=emng

T¥v*E DESIRED ASSUMFTION, MHIOH maY BE ANY VALUE FETWEEN 0. AND %e999ge,
THEN PREES RETURN. m===)3000

YOUR ASSUMPTION 15 2000,
IS THIS ASSUMPTION CORRECTY
TYPE EITHMER °*YES™ OR "NO~", THEN PREES ARETURM, =m=),

_/

Figure 4.11. Prompt for Validation of New Assumption

Since this assumption is indeed correct, we respond affirmatively.

Type: Yes (Figure 4.12)

Press: Return key

Result: Program automatically advances to ask
whether or not breeder reactors are an
available technolegy (Figure 4.13).
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1. THE ELECTRIC POWER EQUIVALENT RESOURCE BASE OF
URANILN AVAILABLE WITH CONVENTIONGL LIGWNTWATER
REACTOR TELCHNOLOGY
3. WHETHER OR NOT TO INTRODUCE BREEDER REACTCRS.
CONCERTe TOTAL RECOVEPABLE RESOURCES REMAINING. [NCLLDING
DISCOVEFED AND UNDISCOVEREL RESDURCES OVER ALL .
COST GRADATIONS, UNPRUDUCED AS OF 197T, WUT
PRODUC IBLE WITH KNOWN TESHNOLOGIES.
UNITS= EXAJOURES
REGIDN® GLOBAL

LW EETIMATE s { e.)
"MEDIAN ESTIMATE——- (14700, )
HIGH ESTIMATE ema— (77000, )
DEFAULT ASSUMPTION (4413,

DO YOU WISH TO ACCEPT THE DEFAULT ASSUMPTION? TYPE CITHER “YES®
OR "NO®, THEN PRESS ARETURN, emeing

TYPE DESIRED ASSLMPTION, WHICH MAY BE ANY VALLE BETHEEM 0. AMD vreRRYR
THEN PRESS RETURN, s 3000

YOUR ASEUMPTION ISr S000 .
18 THIS ASSUMPTION CORRECTT
TYPE EITHER °YES® Ot "NO*, THEN PRESE RETURN,

\_

Figure 4.12., Validating New Assumptien

a ,,

WMICLEAR TECAIOLDGY GPTION
= . IN THIS SMODEL.
FEcSER RELCTORY ARE A TECHMOLOGICS. OPTIDN
'?HEEOEF-HA_T DPT 0N [S TO ASSLEME THIS TETAMOLOGY [S AVAILABLE.
Lo YOU WiSH TO ASSUME THIA rm.cav 19 avAILABLET

\¥ TYPE EITHER “YES® OR "MO™.. THEM PRESS RETURN wee)

/

Figure 4.13. Nuclear Option: Breeder Reactors
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NOTE: Incorrect Assumption Entry. In some cases an assumption
may be mis-entered. For example, if the value is not typed
immediately after the prompt arrow as below:

RESDURCE BASE: NUCLEAR POWER

NOTE: FOR NUCLEAR POWER TWO ASSUMFPTIONS MUST BE SPECIFIED:
1. THE ELECTRIC POWER EQUIVALENT RESOURCE BASE OF
URANIUM AVAILABLE WITH CONVENTIONAL LIGHTWATER
REACTOR TECHNOLOGY )
2. WHETHER OR NOT TO INTRODUCE BREEDER REACTURS.
CONCEPT= TOTAL RECOVERABELE RESOURCES REMAINING, INCLUDING
DISCOVERED AND UNDISCOVERED RESOURCES OVER ALL
COST GRADATIONS, UNPRODUCED AS OF 1973, BUT
PRODUCTIBLE WITH KNOWN TECHNOLOGIES.
UNITS= EXAJOULES :
REGION= GLOBAL ’

LOW ESTIMATE—————( Q.
MED1AN ESTIMATE~——=—(143500.)
HIGH ESTIMAYE~———(27000.)
DEFAULT ASSUMPTION 14300,

DO YOU WISH TO ACCEPT THE DEFAULT ASSUMPTION? TYPE EITHER °“YES“
OR "NGQ". THEN FRESS RETURN. mmadng

TYPE DESIRED ASSUMPTION H HE ANY VALUE BETWEEN Q. AND 999999%.,
THEN PRESS RETURN., ==

This will result in a mis-read of the assumption. 1In this
case the program read the value as 5 rather than 5000.

1. THE ELECTRIC POWER EQOUIVALENT RESQURCE BASE OF
URANIUM AVAILABLE WITH CONVENTIDNAL LIGHTWATER
REACTOR TECHMOLDGY

2. WHETHER OR NOT TO INTRODUCE BREEDER REACTORS.

CONCEPT= TOTAL RECOVERABLE RESOURCES REMAINING, INCLUDING
DISCOVERED AND UNDISCOVERED RESOURCES OVES all
COST GRADATIDNS, UNPRODUCED AS QF {9735, BUT
PRODUC IBLE WITH KNOWN TECHNOLOGIES.

UNITS= EXAJOULES

REGION= GLOBAL

LOW ESTIMATE ¢ 0.)
HMEDIAN ESTIMATE-——=-{143500.)
HIGH ESTIMATE—=-— (27000.)
DEFAULT ASSUMPTION 14500.

DO YGU WISH TO ACCEFT THE DEFAULT ASSUMATION? TYPE EITHER “YES®
OR "ND*. THEN PRESS RETURN., ===;na

TYFE DEEIRED ASSUMFTIO
THEN FRESS RETURN., ==iq.

E AMY VALUE BETWEEM J. AND 99994999, ,

YQUA RSSUMPTION 1S:
1S THIS ASSURPTION CORREX
TYFE EITHER ~YEZ" OR "NO-, THEN FRESS RETURN.

(Continued)
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In this case the program has incorrectly reproduced an
assumption and we do not validate it.

Type: no
Press: Return key

1. THE ELECTRIC POWER ERQUIVALENT RESCURCE BASE OF
URANIUM AVAILABLE WITH CONVENTIONAL LIGHTWATER
REACTOR TECHNOLOGY
2. WHETHER OR NOT TQ INTRODUCE BREEDER REACTORS.
CONCEPT= TOTAL RECOVERABELE RESOURCES REMAINING, INCLUDING
DISCOVERED AND UNDISCOVERED RESOURCES OVER ALL
COST GRADATIONS, UNFRODUCED AS OF 1975, BUT
PRODUCIBLE WITH KNOWN TECHNOLOGIES.
UNITS= EXAJOULES
REGIDON= GLOBAL

LOW ESTIMATE-===———={ 0.
MEDIAN ESTIMATE——(14300.)
RIGH ESTIMATE (27000.)
DEFAL.T ASSUMPTION 143500,

DO YOU WISH TOD ACCEPT THE DEFAULT ASSUMPTION? TYPE EITHER “YES*®
OR "NO". THEN PRESS RETURN. ==='no

TYPE DESIRED ASSUMFTIONM, WHICH MAY BE ANY VALUE BETWEEN O. AND 99999%%..
THEN PRESS RETURM, wew=> [O00

YOUR ASSUMFTION IS: T
-15 THIS ASSUMFTION CORRECTT
TYPE EITHER “YES™ OR "NO", THEN PRESS RETURN. =

ATL A i

v

Result: The program will {mmediately take you to step 3,
Figure 4.7,

4. Since we do not want to allow breeder reactors as an option we:

Type: No (Figure 4.14)
Press: Return key

NOTE: The Return Key. Simply striking the return key
without typing mo” or “yes” first has the same result
as typing "no.”

Result: The program confirms our assumption (Figure 4.15)
and then automatically returns to the Resource
Base for Energy Supply menu (Figure 4.16).
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BREEDER
THE DEFAULT OFTION IE TD ASSUME THIS TECHGILOGY IS AVAILABLE,
0O YOU WISH TO ASSUME THIS TECHNOLOGY IS AVATLA

TYPE EITHER “YES™ OR *NO*. THEN FREES RETURN ' /

NUCLEAR TECHNOLOGY QPTIOM:
REACTORS ARE A TECHMOLOGICAL OFTION IN THIS mODEL.

\__

Figure 4.14, Rejecting the Breeder Option

ﬂ

NUCLEAR TEDHNOLDGY OPTION:
BREZCER REACTORS ARE A TECHNOLOOGICAL OPTION IN TWIS mQUEL.
THE DEFWLT DPTION [S TO ASSUME THIS TEDHNOLOGY IS AVAILABLE.
DO YOU wiSHA TO ASSUFE THIS TECHNOLOGY I8 AVAILARLET

TYPE EITHER “YES® OR "NO". THEN PRESS RETURN == me

SREEDEF REACTORS ARE NOT & TEONOLOGY IN THIS AuN l

_/

Figure 4.15. Program Confirmation of Our Assumption Selection
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DHERGY SUPPLY ASIUNSTIONS,
wos RESOURCE BASE FOR EMNERDY SUPMLY e

VIR maY EXANINE AND/OR OHANGE ASSUMNTIONS FOR ANY OF 3 DERGT
WEPLY CATEGORIES ONE AT A TIME, [N ANY ORDEA. SELECT ONE
OF THE FOLLOWING:

= CONVENTIONA, DIL

2 MATLIRAL B3

3= COAL

4= BHALE OTL

e MUCLEAR
o™

Ce NONE OF THE ABCVE. RETURN TO RAIN MEMJ.

k TYPE YOUR CNOICE: 1,2,3.4,5 Of 0, THEN PRESE RETLNN, =) /

Figure 4.16. Resource Base for Energy Supply Menu
5. Having made our desired changes, we

Type: @ (Figure 4.17)
Press: Return key
Result: Main Assumptions Menu appears

-

e e0 0 CinuodNSsIeRINIOTEDAY
aen eee
seo INFUT ASEUMPT | DN YY)
wao cse
GrAtRaEtIARPOARSAC RS P ORETRST

TnERE ARE TWELVE 1MSUT BSSUM T]ON CATEGCRIES OFEw

TG JSTR INTFEZTION ANML.OR HOTIFICATION. SELECT OnX
CF TR FLLLOW NG

FOFULAT I DM

LeaBOR FROTLCTIVITY

EHD=USE EMERSTY EFFICIENDY

IwCOE EFFECTS

»ICE EFFECTS

RESOUACE R=3E

TECNOLOGIC AL CHANGE 1N LIRS #RDLA CTICY
ENVIESaHERTI, TNSTI F EMERGY FEQLLCTICY |
W) £ FENETReTION SUFFLY TECHLOG- l
S04 —hl JICTRSS ENERGY CD37S
T LE- LT5TH

Ak JF O FVECAST FEFIODS

3 ONCHE JF TWE SFIVE,  FUW TeE ol - !

E'TER +TUR TG ZE. THEY FEESS RETLEM ow= |
|

;

K "

Figure 4.17. Starting the Model Run

T AWl N k-
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To Tun the model

Type:
Press:
Result:

14

31

Return key
Credits Screen appears (Figure 4.18a).
At the conclusion of the model run
“WRITING COMPLETE ... STOP-—PROGRAM
TERMINATED" appears. (Figure 4.18b)

—

THE 1EA/ORAU LONG-TERM
GLOBAL ENERGY-ECONOMIC MODEL
WITH CD2 EMISSIONS

BY
JAE EDMONDS
AND
JOMN REILLY
0AK RIDGE ASSOCIATED UNIVERSITIES
INSTITUTE FOR ENERGY ANALYSIS
WASHINGTON D.C. 2003&

FOR
CARBON DIOXIDE RESEARCH DIVISIUN
U.S. DEPARTHENT OF ENERGY

DISTRIBUTED BY
CARBON DIOXIDE INFORMATION CENTER
OAK, RIDGE NATIONAL LAPORATORY
0AX RIDGE, TN 37831

UNDER CONTRACT NQ: DE-RACOS-740RO00TS

COPYRIGMYT 1983
THE PROGRAN IS RUNNING

_

Figure 4.,18a. Credits Screen
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FoR
CARBON DIDXTDE RESESRDW DIVISION
U.8. DEPAATFENT OF DNERGY

DISTRIBUTED BV
CARBOM DIOXICE INFORAMATION CENTER
OAK RICGE NATIDNAL LABDRATORY
Cax AIDGE, TN 37831
UNDER CONTRACT M) DE-ALOI-T&0RG00IT

COPYRIGHT 1967
THE PROGRAPt 18 MOMING

HRITING COLETE. ..

itog ~ Progras torsinated.

&1 VCASPODE.>

Figure 4.18b. Program Termination

We have successfully run the model.
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DETAILED DISCUSSION OF INPUT MODIFICATION

Having worked through two examples in which the model was run, we
examine the menu choices in more detail.

Main Menu

The main input assumption menu is displayed in Figure 4.1%.

. )

AR SRR REEERESRRERERSE

tee e
o INFUT ASSUMPTIONS er
“as e

et e S REetEsEESERN TR .

THERE ARE TWELVE INPUT ASSUMPTION CATEGORIES OFEN
TO USER INSPECTION AND/OR MODIFICATION. SELECT ONE
OF THE FOLLOWING:
POPULATIDON
LAEOR FRODUCTIVITY
END-~USE ENERGY EFFICIENCY
INCOME EFFECTS
FRICE EFFECTS
RESOURCE BASE
TECHNOLDGICAL CHANGE IN ENERGY PRODUCTION
ENVIRONMENTAL CDSTS QF ENERGY PRODUCTION
MARMET PENETRATION SUPPLY TELHNOLOGY
10 SOLAR AND BIOMARSS ENERGY COSTS
. 11 SYNFUEL COSTS
2 NUMBER OF FORECAST FERIODS

DD e~

© NONE OF THE AROVE. FRUN THE HMOLEL.

\\‘_ ENTER YOUR CHOICE, THEN PRESS RETURN =mmmm) 4’//

Figure 4.19, Input Assumption Menu

Thirteen cholices are available to the user.
To select a major category for inspection or alteration

Type: Any number between 1 and 12
Press: Return key

(53}
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To run the model

Type: ¢
Press: Return key

NOTE: The Return Key. In general, if you simply press
the return key without entering a number first, the
model will return to the preceding screen. When the
main assumptions menu (Figure 4,19) is on the screen,
if you press just the return key, the model assumes you
have entered a ® and proceeds to run the model.

Assumption Disaggregation

Each of the menu assumption categories {(with the exception of items ¢
and 3) are further disaggregated. A total of 39 individual assumptions are
available for inspection and/or modification. In addition the user may
choose a2 terminal date for the model forecast run or run the model.

The main menu choices and their associated disaggretates (subchoices)
are summarized in Table 4.1. 1In addition, Figures 4.20 through 4.71,
cited in Table 4.1, display all of the basic screens that a user may
encounter,

(543 .
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POFULATIDN ASSUMPTIONS
POFULATION {5 SPECIFIED IN MILLIONS OF PERSONS IN THE YEAR

ASSUMPTIONS FOR EITHER REGION, ONE AT A TIME, IN ANY ORDER,
SELECT ONE OF THE FOLLOWING:

1= NORTH (N.AMER+EUROPE+USSR+JAPAN+AUSTRALIA)
2= SOUTH (ASIA + AFRICA + L. AMERICA + MIDEAST)
OoRrR

O= NEITHER. RETURN TD MAIN ASSUMPTIONS MEMU,
CHOOSE 1,2, OR O, THEN PRESS RETURN, amesas)

2075 FOR TwO DIFFERENT REGIONS. YOU MAY EXAMINE AND/CR CHANGS

Figure 4.20. Population Assumptions Screen

-

POFLLATION ASSUMPTIONS

CONCEFPT= REGIONAL POPULATION IN THE YEAR 2073
UNITS= MILLIONS (10+s&)FERSONS IN THE YEAR 2075
RES10N= NORTH(USA«CANADA+EURDFE-USSR+JAPAN+AUSTRAL IA+N. IEALAND?

LOW ESTIMATE- ¢ 1280,
MEDIAN EETIMATE-—1{ 1Zé68.}
HIGH ESTIMATE ¢ 1910,
DEFRAULT ASSUMPTION 1%&4.

DO YOU WISH TO ACCEFT THE DEFSULT ASSUMPTION? TYFE EITHER "YES™
OR "NO*", THEN FREES RETURN. sw=,

_

Figure 4.21, Population Assumption for North Region
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POPULATION ASSUMFTIONS

CONCEPT= REGIOMAL POPULATION IN THE YEAR 207%
UNITS= MILLIONS r10#e4)FERSCINS IN THE YEAR 2079
REGION= SOUTH{ASIA + AFRICA = LATIN AMERICA + HIDEAST)

LOW ESTIMATE L T
MEDIAN ESTIMATE——( &B82.)
HIGH ESTIMATE==wmw( B3%7,)
DEFAULT ASSUMPTION &B3Z2.

DO YOU WISH TO ACCEFT THE DEFAULT ASSUMFTION? TYPE EITHER “YES™
QR "MQ*., THEN PRESS RETURN, =am,

- J

Figure 4.,22. Population Assumption for South Region

N\

LABOR FRODUCTIVITY ASSUMFTICHS

LABOR PRODUCTIVITY ~— CLOSELY RELATED TO ECONGHIC GADWTH ANT GiHIF .
THE RATE JF GROWTH OF THE LABDR FORCE FLUS THE RATE 2F GAROWTH OF
LAEDR FRGLUCTIVITY EOUALS “HE RATE OF GRCWTH OF GNF. ThE R&TE
OF GROWTH OF THE (ABSR FORCE 1S DETERMINED WITHIN ThE MGLEL USING
POFULATICN ASSUMFTIONS. LABOR PRODUCTIVITY [S SFECIFIEZS A3 A
CONSTANT R&TE FOFR Twl DIFFERENT REGIONS. YOU MAY ° <['E &-.5,7%
CHANGE ASSUMFTIONE FOR EITMER RESION, ONRE AT & TIrI. 1t ANY ORLCF
EELECT ONE QF ThE FOLLOWING:

L= NORTH (N, AMER+EURQFE+USSR+JAFRN+AUSTRALIA:

== SCUTW (ASI1n ~ AFRICA « L. AMERICA -~ RIDESST!
ar

d= NEITHEAR. FRETURN TO MAIN ASSURMPTIONS HEMNU.

CHOGSE 1.2, OR O, ThEN FRESS RETUFN sasan.

o _J

Figure 4.23. Llabor Productivity Assumptions Screen
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LAEOR FPRODUCTIVITY ASSUMPTIONS

CONSTANT RATE.
UNITSa NONE {(RATE PER YESK)

LOW ESTIMATE (=, 005}
MEDIAN ESTIMATE==—{( .017)
HIGH ESTIMATE: { .040)
DEFRULT ASSUMPTION 017

OR "NO". THEN PRESS RETURN, wwn)

\—

CONCEFT= LABOR PRODUCTIVITY 1S CLOSELY RELATED TO £CCNGMIC GROWTH AND
GNF. THE RATE OF GROWTH OF THE LABOR FORCE PLUS TWE RATE OF GRDWTHK

POPULATION ASSUMFTIONS. LAEOR PRODUCTIVITY IS SFECIF:ED AS A

REGION= NORTH (USA+CANADA*EURDPE‘USSR*J&P&N¢QUSTRN.IA*-N. IEALAND)

DG YOU W1SH TO ACCEPT THE DEFAULT ASSUMPTION? TYPE EITHER *YES"

/

Figure 4.24., Labor Productivity Assumptions for North Region

LABDR FRODUCTIVITY ASSUMFTIONS

CONSTANT RATE.
UNITS= NONE (RATE PER YEAR!
REGION® SOUTHUASIA + AFRICA <« LATIN AMERICA MIDERST)

LDW ESTIMATE {~.010)
MEDIAN ESTIMATE=—( ,029)
HIGH ESTIMATE——==—¢( ,0%%)
DEFALAT ASSUMPTIDN .029

00 YOU WISH YO ACIEFT THE DEFAULT ASSUMFTIGNT™ TYFE EI1THER
OR “KO“. ThEN FRESS RETURN, ===)

CONCEFTa LABOR FRODUCTIVITY 1S CLOSELY RELATED TD ECONOMIC GROWTH AND
GNP. THE RATE OF GROWTH OF THE LABOR FORCE FLUS THE RATE OF GROWTi
OF LABDR PROLUCTIVITY EDUALS THE RATE OF GAGWTH OF OGN, THE RATE
OF GROWTH OF THE LABOR FORCE 1S DETERMINED WITWIN THE MODEL USING
POPULATION ASSUMFTIONS. LAEOR PRODUCTIVITY IS SFECIFIED AE A

“YES"

\

_J

_

Figure 4.25. Labor Productivity Assumptions for South Region

[F0¢ N
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a N

END-USE ENERGY EFFICIENCY ASSUMPTIONS

CONCEPT- RATE AT WHICH ENERGY USE PER UNITT QUTPUT WOLAD DECLINE
OVER TIME, AS A CONSEQUENCE OF TETHNOLOGICAL CHANGE,
PROCESS IMFROVEMENTS AND CHANGES IN THME MIX OF GOQDs
PRODUCED, IF OTHER THINGS SUCH AS POPLLATIDN, BNP,
AND PRICES WERE UNCHANGED.

UNITS= NONE (AVERAGE AMNUAL RATE)

REGION« BLOBAL

LOW ESTIMATE { .000)
MEDIAN ESTIMATE-———( .010)
HIGH ESTIMATE———{ ,030)
DEFALLT ASSUMPTION « 010

DO YOU WISH TO ACCEPY THE DEFALLT ASSUMPTION? TYPE EITHER °YES®
OR "NO*., THEN PRESS RETURM, =sew,

. _

Figure 4.26. End-Use Energy Efficliency Assumption Screen

N

INCOME EFFECTS ASSIRPTIONS

ITNCORE ELASTICITY - REFLECTS THE EFFECT OF INCOME ON AGSRESATE
END-USE ENERGY CONSUMPTION. MKEASURED AS THE FERCEMTAGE CHANGE
IN ENERGY USE FOR EACH PERCENTAGE CH&NGE IN INCOME wITH OTHER
FACTORS SUCH AE POPULATION, TECHNOLOGY AND ENERGY PEICES FlXED.

YOU MAY EXAMINE AND/OR CH&NGE ASSUMFTIGNS FOR ANY OF THREE REGIDNS,
ONE AT & TIME, IN ANY ORDER. SELECT ODNE OF THE FOLLOWING:

1« QECD (N, AMERW, EUROPE~JAPGN+AUSTRAL [ReN. Z.)
2= USSR+E.EUROPE
Ja SOUTH (ASTA+AFRICA+L.AMERICA+MITEAST)

Or
0= NONE OF THE ABOVE. RETURN TD MAIN ASSUEF TIONS AENU.

CHOJSE 1,2.3, OR O, THEW PRESS RETURN., sazewm)

\ _

Figure 4.27. 1Income Effects Assumption Screen
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- h

INGOME EFFECTS ASSUMPTIONS

CONCEPT= INCOME ELASTICITY REFLECTS THE EFFECT OF INCOME ON ABGREGATI
END-USE ENERGY CONSUMPTION.

MEASURE= PERCENTAGE CHANGE IN END~USE ENERGY CONSUMPTION FOR EACH
PERCENTAGE CHANGE [N INCOME WITH OTHER FACTORS SUCH AS POP-
ULATION, TECHNOLOGY AND ENERGY PRICES CONSTANT,

UNITSa MNONE

REGION= QECD (USA+CANADA+EURGPE+JAPAN+AUSTRAL [A+N. ZEALAND}

MOTES: 1. A VALUE OF 1.0 IMPLIES A CONSTANT ENERGY TO GNP RATIO.
2. VALUE IS CONSTANT OVER ALL PERIODS.

LOW ESTIMATE~——~1{ .200}
MEDIAN ESTIMATE———(1.000)
MIGK ESTIMATE———(1.400}
DEFAULT ASSUMPTION 1.000

DO YOU WISH TO ACCEPT THE DEFALLT ASSUMPTION? TYPE EITHER “YES"
OR “NO", THEN PRESS RETURN. ===

\_ W,

Figure 4.28. Income Effects Assumptions for OECD Region

o | h

INCDME FFECTS ASSUMPTIODNS

CONCEFTe INCOME ELASTICITY REFLELCTS THE EFFECT OF INCONE ON AGGREGATE
END~USE ENERGY CONSUNTPTION.

WMEASUAE~ PERCENTAGE CHAMGE IN END=USE ENERGY CONSUMTION FOR EACH
PERCENTAGE OMANGE IN [NCOME WITH GTHER FACTORS EUCH AE POP-
ULATION, TECHMOLOGY AND EMERGY PRICES CONGTANT.

UNITE= WONE

REGION® USSR+E. ELRCPE

NOTES: 1. A VALE F. 1.0 [MPLUIES A CONSTANT ENERGY TD GNP RATIO.
2. VALUE [5 REDUCED §Y 10X BETMEEN 1973 AND 2030,

LOW ESTIMATE mrewme—( .200}
MESTAN ESTIMATE——-={1.2201}
HIGH ESTINMATE {1.000)
DEFAMA.T ASSUMPTION 1.220

00 YOU WISH TO ACCEPY THE DEFAULT ASSUNPTION? TYPE EITHER "YES™
GR “"NO". THEN PRESS RETURN, Sw==)

N Y,

(65)

Income Effects Assumptions for USSR & E. Europe Region
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INCOME EFFECTS AREUMPTIDNS

CONCEP T« INCOME ELASTICITY REFLECTS THE EFFECT OF INCOME ON AGGREGATE

END=USE ENEROY COMSUMTION.
» PERCENTAGE CHANGE [N END-USE ENERGY CONSUMPTION FOR EACH

PERCENTAGE CHANGE IN INCOME WITH OTHER FACTORE SUCH AS POP-
ULATION, TEDHNCLDGY AND ENERGY PRICES CONSTANT.

UNITS= MONE
REGION= SOUTH (ASIA-AFRICA+L. AMERICA+MILEAST)

NOTES: 1. A VALLUE OF 1.0 IMPLIES A CONSTANT ENERGY TO GN® RATIO.
) 2. WALE IS REDUCED &y 30X BETWEEN 1¥75 AND 20050.

O ESTIMATE———1{ .300)
MEDIAN ESTIMATE—— (1. 400)
MIGH ESTIMATE 12.300)
DEFAAT AGSUMPTION 1,400

0O YOU WISH TO ACCEPT THE DEFAULT ASSUMPTION? TVPE EITHER “YES™
OR *NO=. THEM PRESS RETLRN, o=my

N\ J

Figure 4.30. Income Effects Assumptions for South Region

\

PRICE EFFECT ASSUMFTING

THERE ARE 4 PRICE EFFECT ASSUMPTIONS THAT CAN BE CH&NGED.
CHOOSE ONE OF THE FOLLOWNING:

lz AGGREGATE PRICE ELASTICITY
FOR END—-USE ENERGY,
=« THE RATE QF INTERFUEL SUB-
STITUTIDN IN END-USE.
I= THE RATE OF INTERFUEL SUB-
STITUTION FGR ELECTRIC
UTILITIES,
4r EMERGY-GNF FEEGEACHK ELASTICITvY.
OR
O= NONE OF THE AFOVE. RETURN TO MASTER RMENU.

TYFE YOUR CHOICE: 1,2,2.4, OR O aw=)2

\ _

Figure 4.31. Price Effects Assumptions Screen
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1 AGGREGATE PRICE ELASTICITY

CONCEPT= PERCENTAGE CHANGE IN THE DEMAND FOR SECONMDARY (END-USE)
ENERGY FOR EACH PERCENTAGE CHANGE [N THE PRICE OF
SECONDARY (END-USE) ENERGY, WITH OTHER FACTORS SUCH
AS PUPULATION, TECHNOLOGY, AND INCOME, FIXED.

UNITS=s NONE

REGIONS» GLOBAL

SECTORS= ALL END-USE SECTORS

NOTE: INPUT VALUES ARE ALWAYS NEGATIVE TD REFLECT THE
RECUCTION IN ENERGY USE CAUSED BY PRICE INCREASES.
R VALUE OF ZERO (0.0} INDICATES NO PRICE EFFECTS.

LW ESTIMATE————( =.05)
MEDIAN ESTIMATE===~{ =.70)
HIGH ESTIMATE {=1.30}
DEFALLT ASSUMPTION -.70

DO YOU WISH TO ACCEPT THE DEFAULT ASSUMPTIONT TYPE EITHER "YES®
OR "NO". THEN PRESS RETURN. ==e=jes

Figure 4.32. Price Effects Assumptions for Aggregate Price Elasticity

a )

2= RATE OF END-USE INTERFUEL SUBSTITUTION

CONCEPTa A MEASURE OF THE EASE OF SUPSTITUTION AMONG END-USE FUELS
(LIOUIDS, GASES, SOLIDE. AND ELECTRICITY), OTHER THINGS
SUCH AS INCOME AND TECHNOLDGY FIXED.

THEORETICAL BOUNDS~ INDEX IS NEGATIVE OR 1ERO
0.0 =my NG SUBRSTITUTION=-=FLXED MARKET SHARES.
~INFINITYas> FERFECT SUBSTITUTION-—LEAST COST OFTION

GETE 1007 OF MARKET.

UNITS= NONE

REG[One GLOML

SECTORS= ML END-USE SETTORS

NOTE: INDEY 1S MNEBATIVE TD REFLECT THE LOSS OF MARKET SHARE CAUSED

BY AN INCREASE LN THE RELATIVE COST OF ANY FUEL.

LOW ESTIMATE { =.40)
MEDIAN ESTIMATE————{-3.00)
HIGH ESTIMATE——==(=7.30)
DEFALLT ASSUMPTION ~1.30

0O YOU WISH TO ACCEFT THE DEFALLT ASSUMPTION? TYPE EITHER “YES®
DR "MO~. THEN FRESS RETURH. =w==»

\ y,

Figure 4.33. Price Effects Assumptions for
Rate of End~Use Interfuel Substitution
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Is RATE OF UTILITY INTERFUEL SUBSTITUTION

CONCEPT= A MEASURE OF THE EASE OF SUBSTITUTION AMONG UTILITY FUELS
(LIQUIDS. GASES, SOLIDS, NUCLEAR AND SOLAR ELECTRIC),
OTHER THINGS SUCH AS INCOME AND TECHNCLOGY FIXED.

THEQRETICAL BOUNDS= INDEX IS5 NESATIVE OR IERQ
Q.0 a=’ NO SUBSTITUTION--FIXED MARLET SHARES.
=INFINITY==> PERFECT SUBSTITUTION--LEAST COST OPTION

GETS 100X OF MARKET.

UNITS= NONE

REGION= SLOBAL

SECTOR= ELECTRIC UTILITIES

NOTE: INDEX IS NEGATIVE TO REFLECT THE LDSS OF MARKET SHARE CAUSED

BY AN INCREASE IN THE RELATIVE COST OF ANY FUEL.

LOW ESTIMATE ¢ =, 40)
MEDIAN ESTIMATE-——=( -3.00)
HIGH ESTIMATE (=12.00}
DEFAULT ASSUMPTION -3.00

DO YOU WISH TO ACCEPT THE DEFAULT ASSUMPTION? TYPE EITHER “YES™
OR "NO". THEN PRESS RETURN. wsas;e

Figure 4.34. Price Effects Assumptions for
Rate of Utility Inter uel Substiturion

4= ENERGY-GNP FEEDBACK ELASTICITY
EENGEPT~ A MEASURE OF THE PERCENTAGE CHANGE IN THE GNP CAUSED BY
EACH PERCENTAGE CHANGE IN THE AVERAGE COST OF EMERBY SERVICES.
OTHER THINGS SUCH AS POPULATION AND TECHNALOGY FiXED.

DIEAGGRESATION: THIS PARAMETER [5 SPECIFIED FOR THREE RESIDNS. YOU
mAY SELEZT ANY ONE OF THEM

| . NDRTH=0ECD+USSR+E, EURCPE

. HIDERST

=, SOUTHIEX.MIDEAST) sAS 1A+l . AHER. «&FRICA

©. NONE OF THE ABOVE. RETURN TD mMAIN PRICE ASSLMPTIONS MEMJ.

SELECT 1.2.3, OR O, THEN PREES RETURN. =m=,

_ e,

Figure 4.35. Price Effects Assumptions for Energy-GNP Feedback Elasticity

(68)
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4s ENERGY-GNF FEEDBADX MLASTICITY

REGION® 1.NORTHeOQECD+USSR+E. ELROPE
MT-AWNMPEWNIMMM”M“

EACH PERCENTAGE CHANGE IN THE AVERAGE COST OF ENERGY BERVICES.
OTHER THINGE SUCH AR POMULATION AND TECHNNOLOGY FIXED.

NOTE: & NESATIVE VALUE (THE WORM) INDICATES THAT INCREAGED ENERGY
COSTS RELUCE ECONMOMIC PRODUCTION. A POSLITIVE WVALLE (MAJOR
ENERGY PRODUCERS OMLY) INDICATES TWAT INCREASED ENCROY COSTS
RAISE THE VALUE OF ENERGY PRODUCTION MORE THAM IT AREDUCES

THE VALLE OF NON—ERERGY PRODUCTION.

LOW ESTIMATE—————{ =, 01)
MEDIAN ESTIMATE=——={ -~ 1%}
WIGH EETIMATE———{( =,30)
DEFAIAT AGEBMPTION -.1S

pa YOU WISW TO w THE DEFALLT ASIUMPTION? TYPE EITHER *YES®
Of *"NQ®, THEN PRESE RETURM. =au)

N J

Figure 4.36. Price Effects Assumptions for Energy-GNP
Feedback Elasticity for North Region

~ a

&= ENEROY~GNF FEEDBACK ELASTICITY

REGION= 2.MIDEAST
CONCEPT= A MEABURE OF THE PERCENTAGE OHANGE IN THE B CAUSED BY

EACH PERCENTAGE CHANGE IN THE AVERAGE COST OF ENERGY SERVICES.
OTHER THINGS SUGCH AE POPULATION AND TECHNOLDOY FIXED.

MITE: & MEGATIVE VALLIE (THE MORM) INDICATES THAT INCREASED EMNERGY
COSTE REDUCE ECONMONIC PRODUCTION. A POSITIVE VALLE (MAJOR
ENERGY PRODUCERS OMLY) [NDICATES THAT INCREASED ENERGY CDSTS
RAISE THE VALUE OF DNEROY PRODUCTION MORE THAN [T REDUCES
THE VALLE OF NMON-OERGY PRODUCTION.

LW ESTIMATE—ee—meme ( =, 05}
MED1AN ESTIMATE——( .03}
WIGH ESTIMATE ——————{ .20}
DEFALLT ASSUNTION -3

DO YOU WISH TO ACLEPT THE DEFAULT ASSUMPTIDN? TYPE CITHER “VES®
R "NO", THEN PRESS RETURN, oww)

Figure 4.37. Price Effects Assumptions for Energy-GNP
Feedback Elasticity for Mideast Region

(AOY
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4= m—?’ FEEDBACK BLASTICITY

REG 1 ONe 1. SOUTH(EX . MIDEAST) =aSTA+, . AMER. +AFRICA
WTUCWCFMPERCEHTAEEMKNMWWIV
. EACH PERCENTAGE CHANGE IN THE AVERAGE CODST OF ENERGY SERVICER.
OTHER THINGS SUCH AE POPULATION AND TECHNOLOGY FIXED. .

NGTE; A NEGATIVE VALUE (THE NORM) INMDICATEY THAT INCREASED ENERGY
CDSTS REDUCE ECONCMIC PRODUCTION. & POSITIVE VALUE (RAJOR
ENERGY PRODUCERS OMLY) INDICATES THAT INCREASED ENEXGY COITS
MIEMMFWWWIMMMITM
THE VALUE OF NON-ENERGY PRODUCTION.

LOW ESTIMATE-m—————{ =.0J}
MEPIAN ESTIMATE———1{ =.20}
MIGH ESTIMATE———1{ =.40)
DEFALRT ASSUNTIDN -.20

B0 YOU WISH TD ACCEPT THE DEFALTY ASSUMPTION? TYPE EITHER °YES®
OR *NO“. THEN PRESS RETURN, =)

N _J

Figure 4.38. Price Effects Assumptions for Energy—-GNP
Feedback Elasticity for South Region

ENERGY SUFFLY &SSLUMPTIDNS:
2oes RESOURCE BASE FOR ENERGY SUFPLY ewe

YOU MAY EXAMINE AND/OR CHANGE ASSUMFTIONS FOR ANY OF 3 ENERGY
SUPPLY CATEGORIES ONE AT A TIME, IN ANY ORDER. SEECT ONE
OF THE FOLLOMWING:
1= CONVENTIONAL OIL
2= NATURAL GRS
3= COAL
4a SHALE OIL
Z= MUCLEAR POWER
OR
Q= NONE OF THE ABOVE. RETURN TO MAIN MENU.

TYPE YOUR CRHOICE: 1,2,3,4,2 OR Q, THEN PRESS RETURN, wmm=’

_J

Figure 4.39. Resource Base Assumptions Screen
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RESOURCE BASE: CONVENTIONAL OIL

CONCEPTw TOTAL RECOVERABLE RESOURCES REMAINING, INCLUDING
DISCOVERED AND UNDISCOVERED RESOURCES OVER ALL
COST GRADATIONS, UNPRODUCED AS OF 1975, BUT
PRODUCTELE WITH KNOWN TECHNOLOGIES.

WITSa EXAJOULES

REGION= GLOBAL

LOW ESTIMATE (12640.)
MEDIAN ESTIMATE-——={199%9, )
HIGK ESTIMATE (S4741.)
DEFAULT ASSUMFTION 212%0.

DO YOU WISH TO ACCEPT THE DEFAULT ASSUMPTION® TYPE EITHER "YES™
OR “NO", THEN PRESS RETURN. mwa)>

\— ),

Figure 4.40. Resource Assumptions for Conventional 0il

( ' )

RESCURCE BASE: NATURAL GAS

CONCEP Y= TUTAL RECOVERABLE RESOURCES REMAINING, INCILUDING
DISCOVERED AND UNDISCOVERED RESOURCES OVER il
COST GRADATIONS, UNFPRODUCED AS OF 197, BUT
FRODUCIELE WITH KNOWN TECHNOLDGIES.

UNITS= EXAJOULES

REGIONs GLOPAL

LOW ESTIHATE { 4990.)
MEDIAN ESTIMATE=—{14000.)
HIGH ESTIMATE———=— (669%0.)
DEFAULT ASSUMPTIDN 129350.

DO YOU WISW TO ACUEPT THE DEFAULT ASSUMPTION? TYPE EITHZR "YES-
OR "NO-. THEN PRESS RETURN, =m=)

\_ J

Figure 4.41, Resource Base Assumptlions for Natural Gas

{713
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RESCURCE BASE: CODAL

CONCEPTe TOTAL RECOVERABLE RESOURCES REMAINING, INCLUDING
DISCOVERED AND UNDISCOVERED RESCURCES OVER ALL
COST GRADATIONS, UNFRODUCED AS OF 197%, BUT
PRODUCIBLE WITH KNOWN TECHNOLDGIES.

UNITS= EXAJOULES

REGION= GLOBAL

LOW ESTIMATE—————=—={ T250J.)
MEDIAN ESTIMATE===—( 2Z71000.)
HIGH ESTIMATE—————1{ 4B3000.)
DEFAULT ASSUMPTION 271000,

DO you WISH TO ACCEFT THE DEFAULT ASSUMPTION? TYPE EITHER °YES™
QR "NO“". THEM PRESS RETURN. ass:

. _J

Figure 4.42. Resource Base Assumptions for Coal

AEECURCE BASE: SHALE DIl

CONMCEFT# TOTAL RECOVERABLE RESOURCES REMAIMING., INCLUDING
DISCOVERED AND UNLISCOVERED RESOURCES OVER ALL
CLST SBRADATIONS, UNPRODUCED AS OF 1975, BUT
PRODUCIBLE WITH WMNOWN TECHNM OGIES.

UNITS= EXAJOULES

REGIDN= GLOBAL

LOW ESTIMATE e { Q.)
HEDIAN ESTIMATE (2079000, }
HIBH ESTIMATE———==—= {45000, )
DEFAULT ASSUMPTION 2078403,

DO vOU WISH TO ACCERT THE DEFALLT ASSUMFTION® TYPE EITHER “YES™®
OR “MNO". THEN PRESS RETURN, wmaw)

\_ _/

Figure 4.43, Resource Base Assumptions for Shale 0il

{7\



Figure 4.44b,
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RESCURCE BASE: MNUCLEAR POWER

NOTE: FOR NUCLEAR POWER TWO ASSUMPTIONS MUST BE SPECIFIED:
1. THE ELECTRIC POWER EDUIVALENT RESOURCE BASE OF
URANIUM AVAILAELE WITH CONVENTIONAL LIGHTWATER
REACTOR TECHNOLOGY
2. WHETHER OR NOT TC INTRODUCE BREEZDER REACTORS.
CONCEFT» TOTAL RECOVERABLE RESOURCES REMAINING, INCLUDING
DISCOVERED AND UNDISCOVERED RESOURCES OVER ALL
COST GRADATIONS, UNPRODUCED AS OF 1975, BUT
PRODUCIBLE WITH KNOWN TECHNOLOGIES.
UNITS» EXAJOULES
REGICN= GLDEAL

LOW ESTIMATE = ¢ .}
MEDIAN ESTIMATE———=(14%00.)
HIGH ESTIMATE (27000, )
DEFAULT ASSUMPTION 14427,

00 YOU WISH TD ACCEPT THE DEFAULT ASSUMPTION? TYPE EITHER *YES"
GR *NO". THEN PRESS RETURN., ew==)

-

_J

Figure 4.44a.

Resource Base Assumptions for Nuclear Power

e

NMUCLESR TEDMNOLOGY QPTIOM
MLESER RESCTORE ARE A TEDWOLOGICAL OPTION [N WIS mODEL.
THE DEFSULT OFTION (8 TD ASSUME THIS TEDWOLOGY (3 aWAILANE.
L0 YOU WISH TO ASSUME TWIS TECHNGLOS? [8 AvAILASLEY

K oL CIhER STEST OR "MOS.. THEN PREIS RETUAN =me)

\\

J

(73}

Resource Base Assumption; Muclear Technology Option
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ENERGY SUPFLY ASSUMFTIONS:
aws TECHNOLOGICAL CHANGE IN ENERGY SUPPLY ees

YOU MAY EXAMINE AND/OR CHANGE ASSUMPTIONS FOR ANY OF 3 ENERGY
SUFPLY CATEGORIES ONE AT A TIME, IN ANY ORDER. SELECT ONE
OF THE FOLLOWING:

$= CONVENTIONAL OIL

2= NATURAL GAS

3= CDAL
4= SHALE OTL

= NUCLEAR POWER
arR N
Ow NONE OF THE ABOVE. RETURN TO MAIN PIENU.

TYPE YOUR CHOICE: 1,2,3,4,3 CR O, THEN PRESS RETURN. =e=>

N __

Figure 4.45. Technological Change in Energy Production Assumptions

e _ A

RATE OF TECHKNOLOGICAL CHA&NGE I[N EMERGY PRODUCTION:
CONVENTIGNAL OIL

CONCEFT= RATE AT WHICH TECHNOLOGICAL CHANGE REDUCES PRODUCTION
COSTS OVER THE FORELAST.
MITS= RATE PER YEAR

LW ESTIMATE————( ,000)
MEDIAN ESTIMATE———1{ .003}
HIGH ESTIMATE —( L0
DEFAULT ASSLMPTION . 0035

DO YOU ®1SH TD ACCEPT THE DEFAULT ASSUMPTIONT TYPE EJTHER "YES®
OR °ND*. THEM PRESS RETURN. ===

_/

Figure 4.46. Assumptions for Technological change
in Energy Production of Conventional 01l
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. )

RATE OF TECHNOLOGICAL CHANGE [N ENERGY PRODUCTIOM:
NATURAL GAS

CONCEPT» RATE AT WHICH TECHNOLOGICAL CHANGE REDUCES PRODUCTION
COSTS OVER THE FORECAST.
UNITSa RATE PER YEAR

LOW ESTIMATE { .000)
NEDIAN ESTIMATE~———{( ,003)
HIGH ESTIMATE { o100
DEFALR.T ASSUMPTION 003

00 YOU WISH TO ACCEPT THE DEFAULT ASSUMPTION? TYPE EITHER “YES™
OR "NO". THEN PRESS RETURN. ®=s)

-

Figure 4.47. Assumptions for Technological Change
in Energy Production of Natural Gas

RATE OF TECHNOLOGICAL CHANGE IN ENERGY PRODUCTION:
COAL

CONCEPT= RATE AT WHICH TECHNOLOGICAL CHANGE REDUCES PRODUCTIOM
COSTS OVER THE FDRECAST.
UNITS= RATE PER YEAR

LOW ESTIMATE t=,005)
MEDIAN ESTIMATE——{( ,003)
HIGH ESTIMATE « .0Z0)
DEFALLT ASSUMPTION . 00Z

D0 YOU W1SA TO ACCEFT THE DEFAULT ASSUMPTION? TYPE EI.THER “YES~
OR “*NO", THEN PRESS RETURN. ma=)

N ),

Figure 4.48. Assumptions for Technological change
in Energy Production of Coal
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RATE OF TECHNOLDGICAL CHANGE IN ENERGY PRODUCTION:
SHALE OIL

CONCEPTa# RATE AT WHICH TECHNOLOGICAL CHMANGE REDUCES PRODUCT ION
€OSTS OVER THE FORECAST.
UNITS= RATE FER YEAR

LOW ESTIMATE——m——— (=, 003}
MEDIAN ESTIMATE-—={( 003}
HiGH ESTIMATE { .025)
DEFULT ASSUMPTION 003

0O YOU WISH TO ACCEPT THE DEFAULT ASSUMPTION? TYPE EITHER “YES™
OR "ND*. THEN PRESS RETURN., e=e>

-

Figure 4.49. Assumptions for Technological Change

J

in Energy Production of Shale 0il

RATE OF TECHMOLOGICAL CHANGE [N ENERGY PRODUCT 10N:
MUCLEAR POMWER

COMCEPT~ RATE AT WwHICH TECHNOLOGICAL CHANGT REDUCET FRODUCTION
CDSTS OVER THE FORECAST.
UNITS= RATE PER YEAR )

LOW ESTIMATE =~ 0G0
MEDIAN ESTIMATE-—~( .0Q3)
HIGH ESTIMATE~——{( .010}
DEFALA.T ASSUMPTIDN . Q02

DO YOU WIS TGO ACCEFT THE DEFAULT ASSUMFTION?  TrPEL EITHER °"¥ES™
OF “NE7. THEN FEESS RETURN. s==.

.

Figure 4.50. Assumptions for Technological change
in Energy Production for Nuclear Power

~
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ENERGY SUPPLY ASSUMPTIONS!
see ENVIRGNMENTAL COSTS OF ENERGY SUPPLY &ee

AMINE AND/OR CHANGE ASSUMPTIONS FOR ANY OF % ENERGY
;SJPP::VUEH#'EG{IRIES ONE AT A TIME, IN ANY DRDER. SELECT ONE
ING3

OF THE FOLLO 1= CONVENTIONAL OIL

o= NATURAL GRS

3= COAL
4« SHALE QIL
%o NUCLEAR POWER

or O= NONE OF THE ABOVE. RETURN TO MAIN PENU.

TYPE YOUR CHOICE: 1,2,3,4,5 OR 0, THEN PREES RETURN, (=w=?

N

Figure 4.51. Assumptions for Environmental Cost of Energy Production

. A

ENVIRONMENTAL COSTS OF ENERGY PRODUCTION
CONVENTIDNAL OIL

CONCEFT= ENVIRONMENTAL COSTS OF ENERGY PRODUCTION IN THE YEAR
ZO0Z0. INCLUDES ONLY THOSE COSTS ASSOCIATED WITH ENERGY
FRODUCTION AND NOT ENERGY USE. INCLUDES OMLY COSTS
IN €2CESS OF THOSE ENCOUNTERED IN 197%. COSTS INCURRES
AS A RESULT OF 197% REGULATIONS ARE INCLUDED AS PART
OF THE BASE CDSTS OF PRODUCTION.

UNITS= 1972 US # PER GIGAJOWLE

REGION= GLOBaL

LW ESTIMATE=————1( .00}
MECIAN ESTIMATE——{( .,0O)
HIGH ESTIMATE { 3.00)
DEFALT ASSUMPTION « 00

LO vOU WISH TD ACCEFT THE DEFAULT ASSWMPYIONT TYFE EITHER "YES™
Of “NDR™. THEN PRESS RETURN. w=wme,e

\ y

Figure 4.52, Assumptions for Environmental Cost of
Conventional 0il Production
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Figure 4.53.

T | ™

Figure &4.54.

o | )

Do YOU WISH P
OR “NG=. THF

N __

DO YOU WISH
OR “nNQ". TwIW
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ENVIF\U”"F"YQL' epsTS OF ENERGY PRODUCT TON:
HATURAI 109

cONCEF 1 FMYIRONRENTAL COSTS OF ENERGY PRODUCTION IN THE YEAR
a1, INCLUDES ONLY THOSE CDSTS ASSOCIATED WITH ENERGY
SRUDUCTION AND NOT ENERGY USE. INCLUDES ONLY COSTS
\N EACESS OF THOSE ENCOUNTERED IN 1975. COSTS INCURRED
an & RESULT OF 19735 REGULATIONS ARE INCLUDED AS PART
o THE BASE COSTS OF PRODUCTION.
iniTge 1975 UB § PER GIGAJOWE

REGION®= 1L ORAL

LOW ESTIMATE=-———=( .00}
MEDIAN ESTIMATE——=( ,00)
HiGH ESTIMATE———1{ 3.00}
DEFAULT ASSUMPTION - 00

|t ACCEPT THE DEFAULT ASSUMPTIONT TYPE EITHER “YES®
+ FREEE RETURN, =m=e

Assumptions for Environmental Cost of Gas Production

ErvIROHArHTAL cOSTE OF ENERGY PRODUCT IOM:

LAl

CONCEFT® !NVIF(DNHENTQL COSTS OF ENERGY PROCUCTION IN THE YEAR
00, INCLUDES OHLY THOSE COSTES ASSOCIATED WITH EMEFGY
I"P\UDUCTIDN AND NOT ENRERGY USE. IMCLUDES OMLY COSTS
N EACESS OF THOSE ENCOUNTERED IN 197Z. COSTS 1MCURRED
an A RESULT OF 197Z REGULATIONS ARE INCLULED AS PART
0 THE pASE COSTS OF FRODUCTION.

UN{TEa (/2 us # PER GIGAJQULE

REGTION= 0N

LOW ESTIMATE- {00!
HMEDLAN ESTIMATE——( .02
HiGH ESTIMATE-——( B.00)

DEFAULT ASSUMPT1DN 1.80

r1y WCCEFT THE DEFAULT ASSUMPTION® TYFE EIThE® “YES®
1,35 RETURN. omm e

N Y,

Assumptions for Environmental Cost of Coal Production
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ENVIRONMENTAL COSTS OF ENERGY PRODUCTION:
SHALE OIL

CONCEPT= ENVIRONMENTAL COSTS OF ENERGY PRODUCTION IN THE YEAR
=20=0. INCLUDES ONLY THOSE COSTS ASSOCIATED WITH ENERGY
PRODUCT -IN AND NOT ENERGY USE. INCLUDES ONLY COSTS
IN EXCESS OF THOSE ENCOUNTERED IN 197S. COSTS INCURRED
AS A RESULT OF 1975 REGLALATIDNS ARE INCLUDED AS PART
OF THE BASE COSTS OF PRODUCTION.

UNITS= 1979 US § PER BIGAJOULE

REGION= GLOBAL

LOW ESTIMATE————={ .00}
MEDIAN ESTIMATE-——{( 1.30}
‘RIGH ESTIMATE=———(13.00)
DEFAULT ASSUMPTION 1.30

DO YOU WISH TO ACCEPT THE DEFALT ASSUMPTION? TYFE EITHER “"YES"
OR “NO", THEN PRESS RETURN. -

N

Figure 4.55. Assumptions for Environmental Cost of Shale 011X Production

- | A

ENVIKDNMENTAL CDSTS OF ENERGY PRODUCTION:
NUCLEAR POWER

CONCEFT= ENVIRONMENTAL COSTS OF ENERGY PRODUCTICN IN THE YEAR
Z0¥o. INCLUDES ONLY THJSE COSTS ASSOCIATED WITH ENERGY
PRODUCTION AND NOT ENERGY USE. INCLUCES ONLY COSTS
IN EXCESS OF THOSE ENCOUNTERED IN 197Z. LCUSTS INCUSRED
AS A RESULT OF 1972 REGULATIONS ARE INCLUDED AS FART
QF THE PASE COSTS OF PRODUCTION.

UNITS= 197Z US s PER GIGAJOULE

REGIUN® GLOFAL

LOW ESTIMATE——=———0 | .00
MEDIAN ESTIMATE-—===1{ 10.00}
HIGH ESTIMATE=————(100,00)

DEFAULT ASSUMPTION 10.00

DO YOU WIEH TO ACCEFT THE DEFALAT ASSUMPTION™ TYFE EITHER =vYEGT
Qf ~NO®. THEN PRESS RETURN, m==>

Figure 4.56. Assumptions for Eavironmental Cost
of Nuclear Power Production
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ENERGY SUPPLY ASSUMPTIONS:
wes MARKET PENETRATION OF ENERGY SUPPLY seo

YOU mAY EXAMINE AND/OR CHANGE ASSUMPTIONS FOR ANY OF 4 ENERGY
SUPPLY CATEGORIES ONE AT A TIME, IN ANY ORDER. SELECT CKE
0F THE FOLLOWING:
1= CONVENTIONAL BIL
2= NATURAL GAS
3o COAL
8= SHALE OIL
OR
Om NONE OF THE ABOVE., RETURN TQ MAIN HMENU.

TYPE YOUR CHOICE: 1,2,3,4 OR 0, THEN PRESS RETURM, ==z=:s

N J

Figure 4.57. Market Penetration Supply Technology Assumptions Screen

- I

MARKET PENETRATION OF ENERBY PRODUCTION:
CONVENTIDNAL OIL

CONCEPTe PRESCRIBES THE MAXIMUM INCREASE IN ENERGY SUPPLY FROM
OMNE PERIDD TO THE NEXT. SUFPLY IS ASSUMED TU GROW NO
FASTER THAM GNP WITHOUT INCREASING COSTS.

MEASURE = MAXTMUM PERCENTAGE INCREASE IN SUFPLY (OVER PREVIOUS PEFICD
PLUS ALLDWANCE FOR GNP GRDWTH! FOR EACH PERCENTAGE JNCREASE
IN COSTS.

UNITS= NONE

REG 10N+ GLOBAL

LOW ESTIMATE-—————1( .00
MELIARK ESTIMATE=——1( .00}
HIGH ESTIMATE 2,000
DEFAULT aSSUHPTION 1.00

DO YOU WIEHM TO ACCEPT THE DEFAULT ASSUMPYION® TYFE EITHER °YES”
DR *MO°, THEN PRESS RETURN. =es.

N Y

Figure 4.58. Assumptions for Market Penetration of
Energy Production for Conventional 01l
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MARKET PENETRATION OF ENERGY PRODUCTION:
NATURAL GAS

CONCEPTe PRESCRIPES THE mMAXIMUM INCREASE IN ENERGY SUFPLY FROM
ONE PERIOD TO THE MEXT. SUPFLY IS ASSUMEL TO GROW NO
FASTER THAN GNP WITHOUT INCREASING COSTS.

MEASURE= MAXIMUM PERCENTAGE INCREASE IN SUPPLY (OVER PREVIOUS PERIOD
PLUS ALLOWANCE FOR GNP GROWTH) FOR EACH PERCENTAGE INCREASE
IN COSTS.

UNITS= NONE

. REGION= GLOPAL

LOW ESTIMATE-—ww———( .00}
MEDIAN ESTIHATE===-{ }.00)
HIGH ESTIMATE { 2.00)
DEFAULT ASSUMPTION 1.00

DO YOU WISH TD ACCEPT THE DEFAULT ASSUMFTIONT TYPE £ITHER “YES®
DR *“NO", THEN PRESS RETURN, sws.

N Y,

Figure 4.59. Assumptions for Market Penetration of
Energy Production for Natural Gas

- T

MARVET PENETRATION OF ENERGY PRODUCTIOM:
CoAL

CONCEPT= PRESCRIBES THE MAXIMM INCREASE IN ENEREY SUPPLY FROM
ONE PERIOD TO THE MEXT. SUPPLY IS ASSUMED TO GRDW NO
FASTER THAN GNP WITHOUT INCREASING COSTS,

HEASURE= MAXIMUM PERCENTAGE INCREASE IN SUPPLY (OVER PREVIOUS PERIOD
::Usm;#:mm FOR GNP GROWTH) FDR EACH PERCENTAGE INCREAST

UNTTS= WNONE

REGIDN= GLOBAL

LOW ESTIMATE—————1{( .00
REDIAN ESTIMATE=——1{ 1.00}
HIGH ESTIMATE ¢ Z.00)
DEFAULT ASSUMPTION 1.00

0O YOU WISH TO ACCEPY THE DEFALT ASSUMPTION? TYPE EITHER “YES™
DR *N0".,. THEN PRESS RETURN. a==>

Figure 4.60. Assumptions for Market Penetration
of Energy Production for Coal
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N

B0 YOU WiSH TD ACCEPT THE DEFAULT ASSUHPT;UN" TYFE THER = =
OR “NQ®., THEN PRESS RETURN, mams: £l vES

MARLET PENETRATION OF EMERGY PRODUCT EDM:
SHALE DIl

CONCEPTe PREECRIEES THE MAXIMUM INCREASE IN ENERGY SUPPLY
ONE PERIOD TO THE NEXT, SUPFLY [S ASSUMED TO Gﬁ‘O::Rm
FASTER THAN GNP WITHOUT INCREASING CDSTS.

HLASURE= MAZIMUM FERCENTAGE IMCREASE [N SUPPLY (OVER PREVIDUS PERIOD
Tﬂugggl-fi's-m FOR GNP GROWTH! FOR EACH PERCENTAGE INCREASS

UNITS= NOMNE .

REGION= GLOBAL

LOW ESTIMATE———nst . 0Q)
MEDIAN ESTIMATE-=——{ Z.00)
HIGH ESTIMATE———( S5.00)
DEFALLT ASSUMPTION  1.00

J

Figure 4.61. Assumptions for Market Penetration of

Energy Production for Shale 0il

—

\

~

SOLAR/BIDMASS ASSUMPTIDNS

THERE ARE TWO SDLAR ENERGY TELHWNOLOGY CATEGORIES. YOU RBRY
EXAMINE AND,OR CHANGE EITHER, ONE AT A TIME. IN ANY DRDER.
SELECT ONE QF THE FOLLOWING:

1% SOLAR ELECTRIC POWER

2= BIOMASS
feicd

0= NEITHER. RETURM TD RAIN ASSUMFTIONE MEMU.
CHOOZE 1,7, DR 0, THEN FRESE RETURK, sovss

W,

Figure 4.62.

Solar and Biomass Energy Costs Assumptions Screen
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SOLAR ELECTRIC POWER TECHNOLOGIES

CONCEPT= NUMEROUS SOLAR ELSCTRIC TECHNOLDOTES ARE AGGREGATED INTO &
SINGLE PARAMETER INCLUDING PHOTOVOLTAICS, SOLAR THERMAL ENERGY
CONVERSIDN., OCEAN THERMAL ENERGY CONVERSION, WIND, TIDAL, aND
SUCH NON-SOLAR ENERGY SOIRCES AS GEOTHERMAL , AND FUSION POWER

vARIABE» GLOBAL AVERAGE COST OF SOLAR ELECTRIC POMER IN THE YEAR 20%0

UNITE= 1975 US 5 PER GIGAJOULE

REGION® GLOBAL

LOW EETIMATE——————{( .00
MEDIAN ESTIMATE-——1( 13.00}
HIGH ESTIMATE 1100, 00)
DEFAULT ASSUMPTION 14.83

PO YOU WISH TO ACCEPT THE DEFAULT ASSUMPTION? TYPE EITHER “YES"
OR *NO"., THEN PRESS RETURN., mam)

\-

Figure 4.63. Solar Electric Power Assumptions

— A

BlOMASS ASSUMPTIONS

CONCEFT= TWERE &RE = SDURCES OF BIOnASS ENERGY IN THE MODEL. WASTE
AND EMERGY FARMS. THE USER CONTROLS THE niMirum COST OF
ENERGY PRODUCED ON DIOMASS FARMS. THIS ASSUMPTIGN 1S THEN
USED 45 AN INDEX OF THE CDST OF 810MASS ENERGY FROM BOTH
SOURCES AT ALL GRADES.

REGION= GLOEAL

UMITSe 1775 US & PER GIGAJDULE

LOW ESTIMATE———=——i .40}
MEDIRN ESTIMATE——( Z.10)
MIGH ESTIMATE=—=——1{ 9,00}
DEFAULT ASSUMPTION =. 10

DO vOU NISK TO ACCEFT THE DEFAULT ASSUMPTIONT TYPE EITHER “YES®
Of "MO. THEN PRESS RETURN, wmmare

Figure 4,64. Blomass Energy Assumptions
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BYNFUEL ASSUMPTIONS

SELID FUELS (COAL AND BIOMASS) CAN BE TRANSFORFED INTO LICUIDS
AND GASES. THIS TRANSFORMATION 15 GOVERNED BY 4 PARAMETERS.
YOU MAY EXAMINE AND/OR MODIFY ANY DR ALL OF THER [N ANY ORDER.

SELECT ONE GF THE FOLLOWING:

1= NON-ENERGY COSTS OF SYNOIL
2= NON-ENERGY COSTS OF SYMGAS
3= PROGCESS EFFICIENCY OF SYNOIL
4= PROCESS EFFICIENCY OF SYNGAS

oR
oo NONE OF THE ABOVE., RETURN TO MAIN ASSLFPTIONS MENU.

HOOSE L,2.2,4 OR 0, THEN PRESS RETURN, se=sas:

Figure 4.65. Synfuel Assumptions Screen

MON—-ENERGY COSTS OF SYMQOIL

COMCEPTe AVERAGE CAPITAlL, LABOR AND RMATERIALE COSTS PER SiGAJOLAE OF
DUTFUT. (ENERGY COSTS ARE CALCULATED 1K THE MOCEL ITSELF.:

UWNITSa 1978 US § PER GIGAJOULE OF SYNFUEL. PRODUCEL

RESION= GLOBAL ’

LOW ESTIMATE——=~1{ J.30
MEC AN ESTIMATE « 4.3
HIGH ESTIMATE {20,000
DEFAAT ASSURPTION 4.33

PO YOU WISH TD ACCEFT THE DEFAULT ASSUMPTIDNT TYPE ZITHER *YES~
OF “ND~. THEN PRE3S RETURN. e .

_J

Figure 4.66. Synfuel Assumptions for Non-Energy Costs of Synoil
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NON-GNERGY COSTS OF SYNGAS

CONCEFPT= AVERAGE CAPITAL, LABOR AND MATERIALS COSTS PER GIGAJOULE OF
OUTPUT. (ENERGY COSTS ARE CALCUALATED IN THE MODEL ITSELF.)

UNITSe 1973 US # PER GIGAJOULE OF SYNFUEL PRODUCED

REGIOH= GLOBAL

LOW ESTIMATE 2.3
FEDLIAM ESTIMATE—1( 3.2}
HIGH ESTIMATE: {14.80)
DEFALLT ASSUMPTION 3.30

00 YOU WiSH TO ACCEPT THE DEFAIRLT ASSUMPTIONT TYPE EITHER “YES™
OR “NQ".  THEN PRESS RETURN. wsaa:

N Y

Figure 4.67. Synfuel Assumptions for Non-Energy Costs of Syngas

an N

PROCESS EFFICIENCY OF SYNOIL

COMNCEFTw INPUT—JUTPUT COEFFICTIENT: NUMBER OF JOULES OF SOLIDS (COAL
AND BIOMASS: REDUIRED FOR EACH JOULE OF SYNFUEL PRODUCED

UNITS= MOHE

REGION» GLOBAL

LOW ESTIPATE————=——( 1.2¥)
MEDIAN ESTIMATE=—-—i{ 2.000
HIGH ESTIMATE t 3.20)
DEFALLT ASSUMPTION 1.0

DO YOU WISH TO ACCEFT THE DEFAULT ASSLMFTION™ TYFE EITHER "YES-
DR "NO*., THEix PRESS RETURN, ===

N J

Figure 4.68. Synfuel Assumptions for Process Efflciency of Synoil
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PROCESS EFFICIENCY OF SYNGAS

CONCEPTs INPUT-QUTPUT COEFFICIENT: NUMBER OF JOULES OF SOLIDS (COM.
AND BIOMASS) REQUIKED FOR EACH JOULE OF SYNFUEL PRODUCED

URITS= NONE

REGIONe GLOBAL

LOW ESTIMATE——————1{ 1.23}
HEDIAN ESTIMATE——( 2.00)
HiGH ESTIMATE { 3.30
_DEFAAT ASSUMPTION §.30

DO YOU WISH TO ACCEPT THE DEFAULT ASSUMPTIDN? TYPE EITHER “YES”
OoR “NMO",  THEW PRESS RETURM. =ao.

N J

Figure 4.69. Synfuel Assumptions for Process Efficlency of Syngas

- ™

ss2 NUMBER DF FORECAST PERIODS eee

THE IEA/DRAU LONG-TERM GLOPAL ENEAGY-ECONOKIG mODEL iS
DESIGNED TO PRODUCE FORECAST SCENARRIOS FUR up T SIX
FORECAST PERIODS:

im 1973
2= 2000
3= 20ZIT
an 2030
= TO73Z
a= 2100

YOU MAY ZHIDSE A FORECAST TERAINAL DATE FOR THIS FAUM.
THE DEFALLT TERMINAL YEAR IS5 :

e 207I. T
PO YOU WISH TD ACCEPT THE DEF&ULT ASSUMPTIONT TYFE
EITHER °YE5~ OR "MO", THEN PRESS AETURN, =om)

\ _J

Figure 4.70. Forecast Periods Assumption Screen
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THE IEA/ORAU LONG-TERM
GLOBAL ENERGY-ECONOMIC MODEL
WITH CO2Z EMISSIONS

bBY
JAE EDMONDS
AND
JOHN REILLY
0AK RIDGE ASSOCIATED UNIVERSITIES
INSTITUTE FOR ENERGY ANALYSIS
WASHINGTON D.C. 20036

FOR
CARBON DIOXIDE RESEARCH DIVISION
U.S. DEPARTMENT OF ENERGY

DISTRIBUTED BY
CAKBON DIOXIDE INFORMATION CENTER
0AK. RIDGE NATIONAL LARORATORY
OAK RIDGE, TN 37831

UNDER CONTRACT NOi DE-RCQS-740R000TS

( THE PROGRAM IS RUNNING,

Figure 4.71., Running the Model
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CHAPTER V

- EXAMINING OUTPUT

w

This chapter discusses the basics of examining output from a model
run. It is assumed that procedures such as those discussed in the
preceding chapter have been followed and that a model run has been
successfully completed.

NOTE: You may examine output immediately after a run
run has been made, or even days later after the PC
has been turned off. At the conclusion of a model
run output is stored as a data file, RESULTS.DAT.

The portion of the model that this chapter deals with is shown in
Figure 5.1.

The model can produce two different forms of general output:
on—-screen output and hard copy printed output. The two commands
corresponding to these forms are VIEWRUN and PRINTRUN. Use VIEWRUN to view
output in tabular or graphical form on the monitor. Use PRINTRUN to obtain
printed tabular output. Both of these output commands are discussed below.

VIEWRUN: ON-SCREEN OQUTPUT

Overview

To examine the on-screen output of the model:
Type: VIEWRUN
Press: Return key
— Select the output category you wish to examine and press
return key
- BSelect the form in which you wish to have the output
displayed (tabular or graphical) and press return key
~ Return to main output menu and select another category or
quit session

The model generates forecast data in 10 different categories for
interactive analysis. These are listed in Table 5.1. The model user can
view output on his monitor in these categories either in the form of tables
or as graphs.

69
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TABLE 5.1 CATEGORIES FOR INTERACTIVE ANALYSIS

l. €O, Emissions

2, Primary Energy Supply

3. Secondary EBnergy Supply

4. 01l Supply

5. Gas Supply

6. Solid Fuels Supply

7. Electric Utility Energy Consumption

8. World Energy Prices

9. PFinal GNP

10. Global Population
EXAMPLE

We will run an example of examining output. In this example we wish

to examine the model's output on CO; emissions in tabular form. To do this
we need to:

Type: VIEWRUN (Figure 5.2a)
Press: Return key
Result: Main output menu (Figure 5.2b) appears on the screen

a N

FOR
CAREGN DIOWIDE RESEARCH DIVISIONM
U.8. DEPARTMENT OF ENERGY

DISTRIEUTED BY
CARBON DIDXILE INTDRMATION CENTER
DA RIDGE NATIONAL LABCRATORY
QA RICGE. TN 37371
UNDER CONTEACT NO: DE=-ACOS=740F.OTT

COFYRIGHT 1965
THE FROGRAM 15 RUNNING

WRITING COMFLETE. ..

Stop - Frogram tersinated.

Figure 5,2a. Entering Output Command
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QUTFUT HMERU

€O EMISSIONS .
PRIMARY ENERGY SUFFLY===———————== >
SECONDARY ENERGY DEMAND--—
0lL SUPFLY
GRS SUFFLY .
SOLIDS SUFPLY >
SOL1D3 USE 2
UTILITY ENERGY CONSUMPTION-—-—==-.
WOFLD ENERGY FRICES——==wo—meme= e
F1MAL 3NF - -

GLIBAL FOFULAT IOMN=————m—=smne s s :

AM~0 (RS~

-
-

R

ourT -

CHOOSE aMY JUTFUT NUMBEFR (O=11).

.

Figure 5.2b. Main Output Menu

To view the (0, emissioms output in tabular form:

Type: | (for CO; emissions)

Press: Return key

Result: Program prompts you to select outputl format
(Figure 5.3a).

NOTE: Output Format. The model can display output on
the screen in two different formats: tabular form and
graphic form. You are given the option to select one
of these formats or to return to the maln output menu.
Enter the letter corresponding to the desired option
and press the return key. The graphic formatr will not
be displayed unless you have au IBM color monitor.
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QUTFUT MENU

cos EMISSIONS .
FPRIMARY ENERGY SUPFLY==————===—=="
SECONBARY ENERGY DEMAND ===
OIL SUFPLY P
BG4S SUFFLY .
S0LIDS SUFFLY ;
SGLIDS WSE
UTILITY ENERGY CDN=UHPTIDN-—---«
WORLD ENERGY PRICES=—
FINAL GNF »
GLOEAL FOPULATION -

i e i,

e LN R NN

[ ]

<

oUIT~-

e g IR =T et TR |1 ] sk IR o T O )

T to output in tabular form
& to autgut in graphic form
M to return to the main aenu

LiHeT £S5 YOUR THTICET-—--

Figure 5.3a. Output Format Selection

Since we wish to examine output in tabular form

Type: T
Press: Return key

Result: CO, emissions output appears in tabular form
(Figure 5.3b).
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CARBON DIOXIDE EMISSIONS
10ees TONNES OF CARBON FER YE~R

' CONY, SHaLE

' PER1OD olL oIL SYNDIL COoAL SYNGAS B6S TOTAL
197 212%.0 .0 .0 1792, 1 .0 890, 1 #3507, 2

. =000 2469%.7 .0 19.1 T145.3 .1 &61.8 6520.0

é 2023 21674 8.6 7.9 4173.4 %1 1415, 7 90530
Q%o 53191 =8. 4% fing L1 =0&a. 2 2L.9 re77.8 1TaxI O
=075 =7V, 0 Ta,0 a781.0 7a97.4 aes.1 i42L.7 15807.1L

\ _

Figure 5,3b. C0, Emissions Cutput

We next examine rthe output and quit

Output is displayed in tabular form for the periods between 1975
and the forecast termimal year.

After examining the desired output
Press: Return key

Result: Program prompts you to select output format
(Figure 5.4)
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WHAT IS YOUR CHOICE ===

6 to ocutput in graphic fore
M *to return to the main menu

\

CONV. SHALE .
FERICD oIl s} { SYNOIL coAL SYNGAE GAS rTOTAL
1575 2zT.0 .0 .0 1792.1 .0 £90.1 45672
U0 274%.3C 0 0.2 IIBl.1 .1 4%4. 3 6701, 2
by Jas- 3491.% 8.6 418,1 4811.2 4,5 1521.4 10285,
S0%0 3%82.4 0.7 1802.8 7184.8 1O, & jring i) 1L49%3.
S07E 2761.8 ob.? 4503.3 9as6T.1 Bz3.4 1842.6 197200
SELECT : T to output in tabular form

Since we have examined the desired output

Type:
Press:

Pigure 5.4,

Result:

Qutput Format Selection

(95)

M (to return to main menu)
Return key

Program returns to main menu (Figure 5.5)
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QUTFUT HMENU

CuUZ EMISSIONS- :
PRIMARY ENERGY SUFFLYmmmm—sm=—=—=>
GECONDARY ENEEGY DEMAND=mw———=—==—"
OlL SUFFLY
GRS SUFPLY
SOL1DS SUFFLY .
SOLID3 USE ———
UTILITY EHEAGY CONSUMFTION-—-———="
WOFLD ENERGY PRICEZ——==—=== e e
FIMAL SNF
GUSEEL FOFULAT [ON——m e ===

(SR (ENE Y B P

Y

[
[

QUIT -

CHOGTSE aN7 JUTFUT NUMSER t0=-lil.

N ' _

Pigure 5.5. Main Output Menu

Since we have examined the desired output

Type: ©

Press: Return key

Result: “STOP-PROGRAM TERMINATED™ appears on the screen
(Figure 5.6).
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OUTPUT MENU

€Oz EMISSIONS >
PRIMARY ENERGY SUPPLY—=———=—"—")
. SECONDARY ENERGY DEMAND—————=w—~——2
. OIL SUPPLY
. GAS SUPPLY
SOLIDS SUPPLY
SOLIDS USE
UTILLITY ENERGY CONSUMPTION~——
WORLD ENERGY PRICES-
FINAL GNP -
GLOBAL POPULATION

- O AR AN~

VIV VYWY VY
- O

QUIT

v
L=

- - f11.0
Stop ~ Program terminated.

1

| SE R By ) ¢ T

L

Figure 5.6. Examination Terpinated

We have completed examination of the CO, emissions output.
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DETAILED DISCUSSION OF ON~SCREEN OUTPUT EXAMINATION

Having worked through an example of on-screen output examination, we
examine the program in more detail. This output examination program has
four steps. These steps are summarized in Table 5.2.

TABLE 5.2.

Steg

l1: 1Initiate Sessicn

2: Main Menu Options

3: Viewing Mode

4: End Screen After
Output Examination

STEPS IN ON-SCREEN OUTPUT EXAMINATION

Description/Action

Type: VIEWRUN
Press: Return key
Result: Proceed to Step 2

Type: @ -> Session ends
Any number from l1-11 ~> Proceed to step 3

Type: T, G, or M
Press: Return key
Result: T -> OQutput displayed in tabular
form; proceed to Step 4
G -> Output displayed in graphical
form; proceed to Step 4
M -> No output displayed; return
to Step 2.

Press: Return key
Result: On-Screen output disappears;
return to Step 3.

Initiate Session

To begin

Type: VIEWRUN

Press:
Result:

Return key
Mzin menu screen appears

(98)
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The main output menu is displayed in Figure 5.7.

s

OUTFUT  MENU

COZ EMISSIONG—————-————=mem——————

PRIMARY ENERGY SUFPFLY-———wwcm—w—=?
SECONDARY ENERGY DEMAND——————=wna=’
QIL SURFLY —
GRS SUFFLY
S0LIDS SUFFLY
SOLIDS USE ————
UTILITY ENERGY CONSUMPTI[ON~=w———- .
WORLD ENERGY PRICES-——wmmmm——————
FINalL ONF—=we=
I _ORAL FOFULATION == == e e e e

O =10 18 &Pty

[
—

_J

faay

QUIT ——— 0
CHOOSE ANY JUTFUT NUMEER (O=11).
Figure 5.7. Main Output Menu
Twelve choices are available to the user. These cholces are
summarized in Table 5.3.  To select a category for on—-screen output
examination
Type: Any number between 1 and 1l
Press: Return key
Result: Output viewing mode selection is requested
(see Viewing Mode, below)
To terminate output examination
Type: §
Press: Return key
L Result: Session ends “STOP—PROGRAM TERMINATED"
-w appears on the screemn.



Qutput Menu
Number

TABLE 5.3.

Ticle

SUMMARY OF OUTPUT AVAILABLE FOR EXAMINATION

80

Description

1

10

11

Carbon Dioxide
Emissiocns

Primary Energy

Secondary Energy
Demand

011 Supply

Gas Supply

Solids Supply

Solids Use

Urility Energy
Consumption

World Energy
Prices

Final GNP

Global Population

Quit

Clobal totals are displayed for conventional
oil,shale oil, synoil, coal, syngas, gas,
and for thelr total emissions.

Global totals are displayed for oil, gas,
solids, nuclear, solar, hydroelectric
energy, and for their total supply. Primary
energy counts electricity as the rate of
consumption of conventional fossil fuel
power plants for generation rather than the
direct thermal value of electricity.

Global totals are displayed for liquids,
gases, solids, electric energy, and for
their total demand.

Clobal totals are displayed for conventional
oil, shale oil, total primary oil supply,
synoil, and for the total available supply.

Global totals are displayed for conventional
gas, syngas, and for thelr total supply. -
Global totals are displayed for coal,
biomass, and for their total supply.

Global totals are displayed for synoil,
syngas, electric utility consumption, end-
use, and total use for all solids (coal
plus biomass).’

Global totals are displayed for liquids,
solids, gas,as, nuclear, hydroelectric
energy, and for total utility consumption.
Note that nuclear, solar and hydro are
accounted on a fossil fuel equivalent
basis.

Global totals are displayed for oil, gas,
and solids.

Data is displayed for the USA, Canada and
Western Europe, OECD Pacific, USSR and
Eastern Europe, China et al., Mideast,
Africa, Latin America, and South and East
Asia.

Data is displayed for the USA, Canada and
Europe, OECD Pacifiec, USSR and Eastern
Europe, China et al., Mideast, Africa, Latitwge

America, and South and East Asia.

(100)
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% #eving Mode

After selecting the desired output category {(1-11) the program prompts

you to select the form of the output. The output format options are
displayed in Figure 5.8.

o h

DUTPUT MENU

coz EMISSIONS »
PRIMARY ENERGY SUPPLY——=e—w=—m=™ 7
SECONDARY ENERGY DEMAND-——-———"=""
0iL SUPPLY .
GAS SUPFLY ’
SOLIDS SUFFLY Y
SCLIDS USE--- :
UTILITY ENERGY CONSURFTION-—-=——%
WORLD ENERGY PRICES—————===v=""""
FINAL GNF — > .
GLOBRAL FOFPULATION

OO 0 NE )

-
&

-
-

o

QUIT==—mm—m === -

SiGE B e LTI sy mETL o (=110

v CE.ECT

T to output in tabular 4éorm
S to mutgut 1n fraphic $orm
M to return to the main menu
e T 15 YOUR CHTICET-——

. J

Figure 5.8. Output Format Selection

Three choices are available to the user.
To select a format for output examination

Type: T, G, or M
Press: Return key
Result: T + Output is displayed in tabular form
G + Output is displayed in graphical form
M + No output is displayed; program returns to main menu.

NOTE: 'The color graphic format can only be used with
an 1BM color monitor and a color graphics board.

(101)
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End Screen
After examining output, simply
Press: Return key

Result: Screen disappears; program returns to viewing wode
gelection. User may change viewing modes at this point

or return to main menu.

NOTE: No prompt is given for the returno key.

NOTE: The Return Key. Pressing the return key returns
the user to the previous decision step. If you are at

viewing mode selection and press the return key sdthout
entering T, G, or M, the program automatically assumes

that M was selected and returns to the main menu selec—
tion. Pressing the return key again leads the program

to assume P was selected and terminates the gsession.

When you are through with all examinations of output, return to the
main assumptions menu and then

Type: @

Press: Return key

Result: Session ends
~STOP-PROGRAM TERMINATED™ appears on the screen
{Figure 5.9).

(”‘—_ -

Fw pery

SUTPUY  PEr)

EOZ EMISSIONS >t
PRIMARY EMNERGY SUPPLYmocammmame——)
SECONDARY EHERGY DHEAND e 3§
OIL SUPPLY > &
GAS SUPPLY P
SOLIDS SUPPLY > &
SO.IDS USE > 7
UTILITY ENERGY CONSUMPTION———) B
WORLD ENERGY PRICES——emme——aemm——) §
FINaL GNP > 10O
GLOBGL, POPULATT ON - s 3 ] |

<

ﬁ
S

uIT >
------- L e B =Th upm 11.0
Csr.no =- Progras terainated. ’

Figure 5.9. Examinatibn Terminated

i ake Y
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PRINTRUN: EXAMINING HARD COPY OUTPUT

Overview

To obtain a hard copy of the output:
= Turn on printer
Type: PRINTRUN
Press: Return key

EXAMPLE
We will run an example of printing the output.
1. Enter printed output command
Type: PRINTRUN
Press: Recturn key :

Result: Printer prints output in tabular form
(See Table 5.4)

NOTE: Graphic form. The printer cannot print the
output in graphic foru.

NOTE: Printer. Make sure that your printer is
turned on, and that the power and line lights are on.

TABLE 5.4. PRINTRUN—PRINTED OUTPUT

CARBON DIOXINDE EMIGSIDNS
10seés TONNES OF LCARPON FER YERA

(= SHALE
PERIOD OIL oIL SYNOTL COoAL SYNGAS GAS TOTAL
1973 212%.0 .0 .0 1792.1 .0 90. ATOT7. 2
2000 2693.7 0 19.1 J143.3 R} &bi. 3 &I20.0
2023 J1467.4 8.4 327.9 4132.4 3.1 1412.7 90354,.0
2050 3196.1 28. 4 1294.5 5664, 2 1.9 1977.3 12453.0
2073 2730.0 34.0 2781.0 7897. 4 893.1 1431.7 12807, 4
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TABLE 5.4. PRINTRUN—PRINTED OUTPUT {Continued)
PRIMARY ENERGY SUPPLY
tpeetd JOULES PER YEAR
PERIOD oL GAS SOLIDS  MNUCLEAR SOLAR HYDRO TOTAL
1975 118.8 41.4 75.5% 4.2 ) 18.5 %8, 4
2000 149.%9 48.7 147.4 17.93 ol 57.2 420.7
207% 175.3 104.6 211.3 4%.5 18.3 2.9 548.3
20%0 181.2 146.5 3441 7X.5 38. 1 a0 903.3
2073 T te2.4 106.0 =41.7 146.0 55,4 1z1.0 113206
T
SECONDARY ENERGY DEMAND
10+=18 JOULES FER YEAR
PERIQOD LIOUIDS GASES 500105 ELECTRIC ToTAL
1975 8¢. 31 29.32 43,29 o%.84 176.72
2000 124,03 z8.%59 74,08 sT.91 290,13
2005 155,52 7n.5%9 103,06 ?T.70 47S.87
oS0 16%. 76 L. 7S 1n1. v 147,70 SN, LD
=070 187,17 8. 9% 111, 48R patil WY ot =8T.78B
oIl SUFPLY
10018 JOULES FER YEAR
’ TOTAL TaTAL
PERI1OD CoNY SHALE PRIMARY SYHGIL AVAILABLE
1975 118.8 ) 118.8 .0 118.8
2000 149, 9 . 0 149,99 S 1%0.5%
2025 17%.2 .8 175.6 30.8 184, 4
2050 180. 3 .9 181.2 42,7 223.9
2079 160. 4 1.8 162.4 0.3 826
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TABLE 5.4. PRINTRUN—PRINTED OUTPUT (Continued)
GAS SUFPLY
10e#18 JOULES PER YEAR

PER1OD CONY SYNGAS TOTAL

1975 41.4 .0 41.4
2000 48,7 .0 48.7
2023 104, 4 .3 104.8
2050 145.5 2.9 149.4
2075 106.0 27.8 133.8

PRIMARY EMERGY SOLIDS SUFFLY

10se18 JOULES FER YEAR

PERIDD CoAL BIOMASS TOTAL
1973 73.3 . -1
2000 133.4 i4.0 147.4
2005 188.% 2.4 Zi1.2
2030 308. 46 35.3 T44. 1
2073 494 4 47.3 S41.7
SOLIDS USE
10ese18 JOUWES FER YEAR
FERIGD SYNOIL SYNGAS UTILITY £ND-U%E ToraL.
19735 .0 .0 3i.3 43.3 7A. 6
2000 1.0 .0 7.4 74.1 147.4
2023 16.2 .2 .0 102.1 zit.é
=030 &4.0 4,4 174.1 101.7 344.1
20735 135. 4 a41.7 233.0 111.7 S541.8
UTILITY EWERGY CONSUMPTIDN
10ee 18 JOWRLS PFR YEAR
PERIOD LIQUIDS BAS SOLIDS MUCLEAR SOt.AR HYDRO TOTAL
1973 20.0 B.9 3.3 4,2 .0 18.3 2.9
2000 26.6 10.2 75.4 17.3 o1 57.0 183.%
=023 30..4 31.2 9.0 45.5 18.5 2.9 10,9
:650 4,1 48, 4 174.1 73.3% 8.1 120, 0 50B. 2
2073 &9.5 44,9 =33.0 1456.0 5.4 121.0 &89.7
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e

TABLE 5.4. PRINTRUN—PRINTED OQUTPUT (Continued)
WORLD ENSRBY FRICES
1975 U.5.F FER GIGAJOULE
PERIND oI [ SOLIDS
[ 3
197% .84 L83 .51
2000 z.%8 .87 e
20297 3. 69 1.42 L)
2050 4,31 .76 .80
07 4,89 R & 81
FINAL GNP BY REGION AND YENR
10=29 1975 U.S. ¥
REGION 1975 2000 e o%n 2075
USA 1520. 3z90. 6780, 1107s, 17574,
CANADA % EUR 1818. 3911. 7773, 12689, ~oB44.
DECD PACIFIC S84, 1307, ~619. a6z, 7788.
USSR/E. EUR. 6. 2117, 3978. &£%o4. 15287,
CHIMA/ET, AL. 324, ass. 1941, 3876. &8TIL.
MIDDLE EAST 178, 502, 1620, 3955. grxl.
aFRICA 1=3, 479, 1437, 370, sa10.
LATIH AMER 1%, 9. 2768 %7898. jnzas.
S.%E, ASLA o34, a77. 1847, 7871, 5999
oLl REGIONS H05h, 16229, ~37864. CETIN 9mall.
®R.0BnAL FOFAL AT IOM
10ees FERSONS
REGTON " 1975 2000 TS -amn 67
usA 214, == oET. ~eq. ~oz
CANADS & EUR 0%, A76 328, -3, =562
OECD FACIFIC 178. 154, 164, 167 169
1IISSR/E. EUR. T95. 472, 3lb. 87T, TN
CHINAJET. AL, f11. 1748 1499, 1612 1647
MlDOLE ERST ai. 147 199. =T -4l
AFRICA 399. 497 943, 1iul 11T
LaTIN AMNER 317, -1 T 710. a7 g4%
5. %E. ASIA 1130 1904 >51%. ~pes. 29%%
al.l. REGIONS IFTh. bt - L ved Toad, |97 pdas

(106)
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When all of the wmodel has been printed,

"WRITING COMPLETE...
STOP-PROGRAM TERMINATED"

will appear (Figure 5,10)

~ A

QUIT~~ - >0

CHOCSE ANY QUTFUT NUMBER (0=11).0
Stop -~ Frogram terminated.

C: \COZMODEL : PRINTRUN

READING COMFLETE...

WRITING COMFLETE, ..

( Step - Fregram termxnated)

C: \COZHMODEL -

K;, “Wa)

Figure 5.10. Writing Terminated

We have successfully printed a hard copy of the output and may examine
the output when the printer is finighed.
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CHAPTER VI
ADVANCED INPUT MODIFICATION

While the model user has access to 39 input assumption categories via
the input data editor incorporated directly in the model, this represents
only a fraction of the total number of parameters that comprise the model's
data base. The total data set contains 2,126 elements grouped under 50
parameter names. All of these elements are potentially available to the,
user for examination and/or modification. However, the user is responsible
for obtaining and utlizing his own editing program to make desired changes
to the full data set. ‘

NOTE: Database Editor. This advanced modification
process requires the user to have his own database
editor, This example uses “wordperfect.”

Data Sets
The model has two data sets: IEA.DAT and NIEA.DAT

IEA.DAT: A base data set, This data set should never be modified.
JEA.DAT serves as a reference data set.

NIEA.DAT: The data set that the model uses as its reference base (See
The Model below). NIEA.DAT is a working data set in

tablular form used to carry detalled input assumptions to
the model.

NOTE: NIEA.DAT can be restored to the same values as
contained in IEA.DAT. You may return the NIEA.DAT
operating data set to the same values as the reference
set by:

Type: Copy IEA.DAT NIEA.DAT

Press: Return key

Result: The operating data set has the same

values as the reference set, (Figure 6.1)

NOTE: Changing NIEA.DAT. 1If you change a value in
NIEA.DAT, remember that that change will remain for

all other runs of the mwodel unless it is changed back
again.

89

(109)



\

DISTRIBUTED BY
CARBON DIOXIDE INFORMAT 10N CENTER
gAK RIDGE NATIONAL LABORATORY
pak RIDGE, TN 37831
UNDER CONTRACT NO: DE-ACOS~760RG00SS

COPYRIGHT 1985
THE PROGRAM 15 RUNNING

WRITING COMPLETE. ..

Stop - Progras terainated.

Cx\CDZHDDEL?EPASE NIES, DAT

¢ \Coorobe -COPY 1EA.DAT NIEA.DAT )
1

- e} ——y ]

C: \CO2MODEL>

Figure 6.1,

The Model

Changing NIEA.DAT to Values of Reference Data Set

The flowchart of the model is shown in Figure 6.2,

{110}
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TABLE é.1. THE IEA.DAT DATA SET

‘Q"..’.".I..u.‘...-‘ﬂ‘.l‘.'.'.'ID’.I'.'.l.‘"..ﬂﬂ-.“"lsﬁqﬂiﬁﬂsil-ﬂ“’!
1+ HODEL=AB4FC == RASE CASE: HEDIAN [MNFUIS ASSLIRET 10KS rahn
+» DATA=DATAA 4 1 OCTODRER 1983 et as

PO pprppprepprprerprp s P DR TS TS S Y S L LRSS S 0 0l sl b
sss DETAILED FRINTED QUTPUT OFTION CODES: NOPT.NE.l==> FRINT ese

=NOPT (1) =TABLE OF PROGRAM CONTROL PARAMETERS

=NOFT (2} =TABLE OF INFUT VARIAELES (THIS DATA SET)

=NOPT (2) mINTERMEDIATE QUTFUT FROM SUEBROUTINES XXXX AND REVISE
=NOPT(4) =INTERMEDIATE OUTFUT FROM SUBRDUTINE ELAS

=NOPT (5) =REGIONAL ENERGY BALANCE TABLES FOR PERIOD H

=NOPT L&) =SUMMARY TABLES FOR FERIOD M

aNOPT {71 =PRICE DATA TABLES FOR PERTOD M

=NOPT (8) =CARBON DIOXIDE QUTFUT FOR FERIOD M

=NOPT (%) =SUMMARY TABLES FOR ALL PERIODS

- e e e e b

% =NUMBER OF FORECAST PERIODS

g werrrr s YT TE S S E L L PR L L A8 1A AA Rt bbb bl
+¢ MODEL>AB4APC 2» BASE CASE: MEDIAN INPUTS ASSUMPTIONS L2 L
++ DATA=DATAA o2 t OCTOBER 19BT e

QOI.QO."OG'.'..Q....Q'Q‘Ol.’.."aﬁ."."""..I'D'.G"‘ PET LT T - T T L

TRI--TRANSFORTATION COSTS FOR TRADED FUELS

PIM-—INITIAL ESTIMATE OF PRICES FOR TRADED FUELS Py FUEL
AND PER]OD
(UNITS=1975 DOLLARS PER GJ (GIGRJOULEN

oIL GAS CoAL
0. 1397 Z.B845B . 3409 TRI
1.8399 0. 4056 0.5121 FIH mM=]
2.65 V.84 0. &2 PIM K=
3.77 1.37 0.7 FIH M=X
a.74 e 0.87 PIM M=a
T, 0 3.4 1.6 FiM mM=5

6.70 3.43, 1.43 PIN M=b

TXILM -— TRARDE BARRIERS (SCALE FACTOR AFFLIED TO FUEL FRICES)

oL ~-~ TXILH

1975 R LY 2025 =OS0 —07% o LAl REGION

0.98 1.00 1,00 [Pl .00 LRI ] Usa

1.6 1.48 1.48 1.48 1.8k 1.4a8 CAatnDaLEUR
1.1 1.0 .10 1.1 1.1n E. 10 Jd&tT

0,9294 1.0 1.00 i.00 1,00 L, EUTER
1.0 1,00 1.00 1,00 1.y 1.0 &CEIF

[ L el 0. 40 .70 y, | IPREL PR MILEsST
1.9987 1.50 1, 0 1.0 1.0 1. arF

0_9943 1.02 1.00 1,04 1.0¢0 1o L~

0. 83 Al 1. 1.00 J ] I 3LE aASIA
Gas -— TXILH

1975 pay LR NS A ~n7s - T FESIM

n. 1803 [ 1.0 1.0 1.0 1,00 [N

1.80 1.80 .40 1.2 1.2 1,00 [arA RISt A A
i-B4 1.3% 1.23 1,0 1, 1. w0 JRNT

V. 18az Lot 1,00 1.0 .o 1,0 EUSSR

0, 1007 1.0 1,00 Lo o 1,00 [N “CTETE

La PRl R ) D70 0. 8% .o 1.0 1.0 MIDENST

(AN § - Ty L. 1.0 1.00 1. 1.0 AR

0. 1gns 1.14) 1.1y .00 1.1H0 [ R e

0,1807 i.N0 1,00 1, L. Loime @ STE w«SiA

(1123
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TABLE 6.1, THE IEA.DAT DATA SET (Continued)

conL ~— TXILH

1975 TOON SVZS Tuso o —tiwm KILGT LN

(AP T 1.00 1.0M) 1.0 L. | 1S

2.07 .07 1.75 1.50 1.5 | P RIS
{.00 1.00 1.00 1.00 1,00 1.0 JrbZ
Q.&6124 1.00 1.00 1.00 1.0 1.0 EUSSR

0. 46004 1,00 1.00 1.00 1.00 1.0 ArCHF

1.00 1.00 1.00 1.00 1.00 1.00 HIDEAST
1.00 1.00 1,00 1.00 1.00 1.00 HFR

1.08 .04 1.00 1.00 1.0 1.0%0 LA

1.08 1.04 1.00 1.00 1.0} 1.0 SL4E ASIA

TRILA - ENERGY TAXES ON FINAL CONSUMPTION BY FUEL, REGION AND FERICD

OIL -- TXJLM

1975 2000 2025 20%0 20735 2100 REGIMN
1.0 1.000 1.90 1.00 1.4 1.9%0) Usa

1.00 1.00 1.00 1.00 1,00 1.00 CANANALELR
1.00 1.00 1,00 1.90 1.00 1,00 JANT
1.00 1,00 1.00 1,00 1.09 L.u0 ELISSR
1.0 L.00 1.00 1.00 1.00 ACENF
1.00 1.00 1.00 1.00 1.00 MIDEAST
1.00 1.040) 1.00 1.00 1.00 AFR

1.00 1.00 1.00 1.00 1.00 LA )
1.00 1.00 1.00 1.00 1.00 snE ASTA
GAS — TXJLH

19735 2000 2025 2050 0TS 10 RECIOM

L. O 1.000 1.00 1.00 .00 1.00 USs

1.00 1.00 1.00 1,00 1.0 1,00 CANADASEUR
1.0 1.00 1.00 1,040 1,00 .ol JRNZ

1.0 1.00 1.00 1.0 1,040 1.1 EUSSR
1.0u0 1.040 1.t} 1.00 1.41) 1.4 ACENF
1.00 1,00 1.00 1.00 1.4 1.0 HICERST
1.00 1,040 1.00 1.00 1,00 1,42 wFR

1,00 1.00 1,00 1.00 LU 1.0 LA

1.00 1.00 1.00 1.00 1.00) 1.t S%E 4SIA
CcoAL —— TXJLM

19735 . 200N 2023 T 20735 g LY REGION
1.00 1.00 1-00 1.00 1.00 L) UsA

1.00 1.00 1.00 1.00 1.00 1,000 Cid balit-E
1.00 . .00 1,00 1.00 1.00 1.6 I

1.0 1.0 1.00 1.00 1.000 1.0w EUSTR
1,00 L. 00 10w 1.0 [ v] 1w ACELF

| PR LV 1.00 1.00 1.7 Laane 1, MINF&SST
1.00 1.00 1.00 1. (e} 100 1.0 s R

1. 00 1. 00 1.00 1.00 L.l 1,00 La

1.00 1.0 1.00 1.00 1.1} LA snE AsIA
ELECTRICITY ~— TXJLM

1975 000 2025 2050 7% Sion RCGIDON
1,00 1.90 1,00 1.00 1.0 | LU Usa

1.00 100 L1 1,000 1.um0 [ I LoriiDAGEUR
1.00 1.00 1.00 1.00 | B U 1.0 JAaNT
1.0 1.00 1.00 1.0 1.00 B SR L0 EUSER
(WA 1.00 1,40 1.0 1.0 L.iM) ACENF

1. K 1,00 1,00 1.0 1,90 1. MICERST

[ RN 1.00 1.00 1.00 . 1.0 1,40 AFR

LI A] 1.0 1.0 1.00 1,040 1.0 [

L. 1. IO L. 1.00 3. 00 SYE ASiA

(113)



94

TABLE 6.1. THE IEA.DAT DATA SET (Continued)

Crmva ALY v
LRED TSalrOUSARDS 3§ ERSONS

1950 1975 LU LU 0Ty ALY S
152271, 2140600, 254000, IBTOO0O, 2880wy, D920, 97000, USH
300745, 40000, ATE000,  £I9000.  SSTONG,  S4T000.  SLIwWL TANLWEL

6I07, 12B000.  1T4000. 16400, 167000, 16F0mr, 1eduug,  JANI
2B&1T8. 3I9%000. 472000. S14000.  S53ITO0C0. 541000, Salous,  EUSSR
S0T0F, 911000. 1248000, 1499000, 16120009, 1647000, 1647000, &CEHF

37048. 81000, 147000, 199000, 232040,  IT41000.  T41000. HIDEAST
227039, I99000.  6FTO00.  F43000. 1101000, 1150000, 1150000, AFR
165764, I1I000. S4000¢, TIENOQ, 8II00W.  BAICG0.  BAFLOG,  Lé
4%2760. 1150000, 1904000. 2515000, TEBEON0. 299T00U. I9FT000. SEASIA

LABOR FRODUCTIVITY GROWTH RATE (UNITS=ANMIWL RATE)
AND BASE GNP (UNITS=HILLIONS 1975 US DOLLARS)

LABOR BASE
PRODUCTIVITY GNP
Q.017 1519890, USA
0.017 1817840. WEURKCAN
0.017 TB6H400. JANZ
0.017 F66400, EUSSR -
0.029 323500, ASENP
Q.02% 138410, MIDEAST
0,029 154550, AFR
0.029 313490, LA
Q.29 2I3620. SEASIA

REF INERY COEFFICIENTS (G1J AND H1J}
“G1J" IS & CONVERSION EFFICIENCY, THE RATID OF JOULES OF FFRIMGRY
EMERGY IN TD JOULES OF ENERGY FRODUCT QOUT (EXCLUSIVE OF FUELS
USED AS ENERGY BY THE REFINERY). 1T IS AFFROXIMATED A4S 1,
“M1J" 1S A MARKF=UP COST, ACCOUNTING FOR COST OF REFIMING AND
DISTRIFUTING ENERGY FRODUCTS.

. OIL GAS COoAL
G1J HI.J GlJ HLJ . GIdJ H1J
1,00 1,425 1.00 . 3487 1.00 . 2600

ELECTRICITY GENERATION COEFFICIENTS (GUI. HUIL, &ND RUD)
"GUT* IS A GENERATION EFFICIENCY COEFFICIENT -— THE RATIO OF JOULES
OF ENERBY IN TD JOULES OF ELECTRICLITY UT. BY DEFINITION, GUI«1 FOR
NUCLEAR, HYDRO, AND SOLAR.
"HKUIL" REFLECTS NONENERGY COSTS IN 1575 DOLLARS PER GJ.
“RUL™ IS A LOGIT SUBSTITUTION PARAMETER GOVEFNING THE RESFONSE OF
UTILITIES TO PRICE INCREASES FOR & GIVEN TECHNOLOGY —- HYDRO ENTERS
AS A FIXED AMOUNT.

FUEL - £ aF WMETER
oI GAS coal NUCLEAR 30LAR HYDRO

3. 6%8 3.3°% 1.097 1.097 1.097 GUl

4, 5037 &.Bas0 1. 76000 1. 7000 1.7000 KL L=l
45057 &.Bher 1, 7000 1.7000 T 1, 7000 HUIL L=2
4, TSI &, B&a0 1. 7000 1. 7000 L. 7000 HTL L=T
4. 5057 5. Ba0 1. 7000 1. 7000 LL700er MUGL L=4
4.5082 %.85670 [ I 1. 7m0 L7000 HUTL L=
4,552 5. 8630 I-IVINIC LTk HUIL Lee
4, %0%2 5. 8470 L. TR0 1.7000  HUIL La=7?
o4, 5052 Z.BeTr 1. 7m0 . Ty HIIL L=6
4. 5082 5.8621 1. 7000 1., 70 1, T HUIL =9
-3.00 -3 00 =300 BLACY) . RU1L
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TABLE 6.1,

95

THE IEA.DAT DATA SET (Continued)

PAULL -~ ELECTRICITY GUNCRATION COC FLCIENDS
(FAULL. IS A MULTIFLICATIIVE FACTOR WHICH ADJUSTY 1HE RFFINED
FOSSILE FUEL PRIGE TO ACCUUNT FOR DIFFERENT FLIEL TvFE (E.U.
RESTDUAL US GASOL INE) AND DISTRIBUTION COSTS.)

LIQuUID
0.48%0
0.5747
03247
0. 4000
0. 4000
1.059%
0.418S
0.4013
0, 6039

FUEL
SOLID

93

888888813%

t
0
1
1
1
1
1
1
1

.
-
.
-

REG1ON
us
WEUR+CAN
OECD FAC
EUSSR
ACENF
MIDEAST
AFRICA
L AMER
SYE ASTA

BSUILM:  ELECTRIC UTILITY FUEL SHARE WEIGHTS,
BY PERIOQD, FUEL AND REGION

ol
0. 0T
0. §480
0. 1937
a.11%7
0.0547
2. 2000
0. 168351
0.2000
0.11358

BSUTLM:

oIL
©.0181
0.1403

- 2000
0. 2000
0. 1348
0. 2000

- SO0
Q. 2000
Q. 14600

BSUILM:

oIL
DL RSO
W, 2
QL 20 A0
0. 20m)
Q. Jimmd
0L 2000
Q. 2Mua)
Q. 2000
0. 2%}

1973

BAS COAL
0.0274 0. 2000
0.0694 0.2
0, 2000 0. 0438
0.0546% Q. 2000
Q.04 « OO0
0,408 C. 0000
0.0128 0. 2000
0,04%53 0. 0319
0, 0007 Q. 2000

YEAR 2000

GAS CoaL
0.0288 . 2000
G.0542 0. 2000
006487 0.1178
0.1259 Q. 2000
0. 0082 0. 2000
0.1102 0, 0200
02,0274 0, 2000
Q.1174 g, 095
0.0118 0. 0y

YEAR Z0ZIS

GAs CoaL
Nn.1274 0, 2000
0, 2000 . SN0
Q. Inen 0, 2000
0. 2000 L Pnr WY
Q. 100w 0. 2000
0,200 Q. 170
O, 2000 0. 2000
. T00 [V IRah (Y]
DG O, i

NUCLEAR SOLAR REGION
0.0344 0.025% us
0.0192 0.0172 WEUR+CAN
0.00B2 Q. MISs OECD PAC
0. G060 Q. 0060 EUSER

Q. 0000 0.0011 ACENP

Q. 0001 Q. 0000 MIDEAST
0. 0000 G.0009 AFRICA
©.0080 0.0061 L AMER
G.003% C. 0038 S¢E ASIA

NUCLEAR SOLAR REGJON
0.0702 0.083%1 us
0.0718 0.0458 WEUR+CAN

LU T ] 0.0O747 OECD FPAC
0.037T Q. 070 EUSSR
©.0161 N, 0042 ACEHF

9, 04T 0.004% MIDEAST
v.n148 .0121 AFRICA
DURECE ey - D.0376 L AMER
0.02791 0.028) SLYE ASIA

NUCLEAR SOL+ REGLOM

N, LTIA Uz

U, DtwH) WEN IR+
0, 20w QFCD FAC
0., 2uno ' EUSSA

1, 20w LCEMNT

0, Zown ML ST
o, A wWFRICA

" M 0, DMy L BrMER
0. T0ning 1, Trsa SYE acla
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psUIiLH:

OIL
o, 1275
Q. 2uM)
0. 2000
O, 000
O, 2000
Q. Z200Q
Q. 2000
G. 2000
Q, 2000

BSUILAM:

oIL
Q.1275
0.2000
0.2000
0.2000
Q. 2000
Q. 2000
0. 2000
Q. 20

« 2000

BSUILRM:

alL
Q. 1275
0. 2000
0. 2000
0, Z000
Q. D000
3, 2000
0, 2000
Q. 2000
0, 2000

TABLE 6.1.
fEARR 0S50
GAS oAl
0, S O, 200
P el o175 ) p, UMD
O, 2000 Q. 2000
Q. 2000 Q. 200
0. 2000 0. 2000
0, 2000 0. 1010
0. 2000 0. 2000
0, 2000 Q. 200
0. 2000 Q. 2000
YEAR 2073
GAS COAL
0. 2000 Q. 200
0. 2000 0. Z000
0. 2000 0, 2000
0. 2000 0. 2000
Q. 2000 0, T000
Q. 2000 0. 1000
O, 20040 0., 2000
Q. 2000 Q. oN0
0. 20 . 2000
YEAR 2100
BGAS COAL
Q. 2000 a, 2000
Q. IT000 Q. 2
0,200 Q. 200
Q. T000 0. 20U
0. 2000 Q. 2000
0.2000 Q. 100y
Q. 2000 0L 2000
0, 2000 L P T 0
Q. 2000 O, 2000

THE TEA.DAT DATA SET (Continued)

MNLILE AR
N, i)
U, om0
0. 2000
Q. 20
0. 2000
Q. 2000
0. 20080
G. 2000
0.2000

NUCLERR
0. 2000
0. 2000
0. 2000
O, 2000
a, 2000
0. 2000
Q. 2000
0. 2000

» 2000

NUCLERR
0, 2000
0. 209
Q. TOUQ
0. Z000
0. 2000
0. ZHH
a, 2000
0, OO0
02000

96

SUlRk
0, IO
L AT (F)
Q. 200
[ Pk LV
O, 200
0. 2000
0.2
. 2000
0, 2000

SOLAR

. Q. 2000
0. 2000

« 2000

0. S0
0. 2000

- 2000
0, 2QOD
Q. 2000
Q. 2000

saLar
0, Zuoo
O, 2imn)
U, Zmm
[VP
0, 200K

REGION
us

WE U +C it
DECD PAC
EUSSR
ACENF
MILDEAST
AFFR

L AMER
SHE ASI&

REGION
us
WELUR+CAN
OECD PAC
EUSSR
ACENF
HMIDEAST
AFR

L AMER
SLE ASIA

REGICN
us
WELR+CnN
NECD FAC
EUSSR
ACEWF
MHIDEAHST
aFR

L AMER
SPE ASlhH

THL-—-RATE OF END-USE EMEFGY EFFICIENMCY INMFROVEMENT By SCCTOR

AND REGION
UNITS=NONE
DECD REGIONS
RES/CCM INDUSTRY TRANSPORT
9,01 0.4 0.01
.01 0.0} 0.01
0.01 0.01 .01
MOM=-DECD REGIONS
ALl SECTORS REGION

0,03 A=EUSSR
U0l S=nCENF
a0y 4=M[DEASY
"ot T=AFKICA
Q01 Bal SMER
0.0 Fug%LE ASIA

REGION
1=USA
ZaWEUR+CAN
3=0ECD Pal
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"CONY OIL

77.
109,

3.
190.
b2,
40Q.,
1B0.
139,
29.

CONW O1L
ada do»

290.

330,
151.
1000,
436,
384.
70.

CONY ODIL
I73.
408.

CONV OIL
9L,
+8z.

11.

72T,

154.
1460,
1444

91,

371,

97

TABLE 6.1. THE LEA.DAT DATA SET (Countinued)
[T 5 T Tt O A T A B PO S A TR T I L TP R N R Y ]
{(UR]1S=E XAJOULES)
GRADE:  Ifi=1
CONV GAS COAL UNCON OIL  NUCLEAR REGLUN
&7105. 7944, 45691. 109, 1-USA
434, TAZR. =142, v a=WEUR 1CAN
70. 1891, 1%64. g7, T=0ECD FAL
1324, 13536, 4774, =57, 4=EISSR
178. 4054, T147, 128, S=ACENP
1054, Z. 527, 2. &M IDEAST
348, 607, b411. 442, T=rWRICA
3&b. 121. JI20%. 1010, 8=L AMER
160, 365, 1510. zl. F=S%E ASlA
GRADE: IG=2
CONV GAS COAL UNCON DIL NUCLEAR REGION
227. 97635, §170. 584, 1=USa
179. 3012, 4198. 10468, 2=WELR+CAN
29. 2318. 3057. aig. I=0ECD PAC
S47. 1635572, 8re7. 1426, 4=FULSR
73. 4970, A197. &82. H=ACENP
435. - 1049, 12. L=M1DEAST
142, 745. 12532, 2356. 7mAFKICA
151. 14B. &3bb. a8, 8=L. AMER
bb. 447. Jiag. 113, F=SLE ASIA
GRADE: 1IG=3
CONV GRS COAL UNCON DIL NUCLERR FEGIDN
10, 13874, 8173, 100000, 1=USA
330, 4284, #26b. 100000, J=MEUR+CAN
53. 294, 29371, 100000, T=QECDh FAC
1007. 23578. 80708. 100000, A= USSR
175, 7062, 40334, 100000, S=ACENF
Bol. I. 10088. 100D, AaMIUEAST
283, to05a. 120502, 100000, T=AFRICA
279. i1, &50232. LEHIC, 8=t AMER
121. &35, INZb6b. {ONOGN, I=SLE ASIA
GRADE 1 15=4
CONY GAS COAL UMCOH OIL WUCLENR REGT1ON
582, 19012, ~&4316. 10, 1=11S56h
377. 5871. 120797, OO0 . 2=WELR «CAN
&al. 4515, ] ] frgn e 100, I=QECD PAC
1150, SZTF11. Z4T1TT. R E e 4=EUSSRK
135, 4678, 131060, LODOOD S=ACENF
F16. ., JoTbb. 100w, &=MIDEAST
TO1. 1450, Te1SIC, LD, TaAFRICA
I8, —-89. 18975, FLEL K LN Bl AMER
139, ari. FOTIT. LQUnD0 S«SLE ASIA
GRADE® 16=3
CONV GAS COAL UNCON OIL  NOCLEAR REGION
1. 1901 T, Q. O, oL 1TUSN
Q. SA71. 0. [ SFWEUR+CoL
. 451%. 0. Q. I=UECD Fwl
o, ITTLL. O, 0. 4=CUSSR
> 67H. 0. w. TanCENF
0. 4, Q. a. &rMIDEASTY
L 1430, Ve u. TN IC~
Q. o87. T 0. (L 8= Ok
Q. 871. O. Q. ‘?-S!;E ASIA
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CONV QIL  CONV GAS

0.1&
0.82
3.80
3.10
7.10
12.30

CONV DIL CONV GAS

v o s

QCOO0OQVOCC
Q00CO0L OO0

CONY OIL

1.0

conv OIL DOV BAS

. (D
Q.05
Q.05
(R}t
i, WS
0, 0L
Q.S
0.5
DU )

TABLE 6.1.

CoAL
0.50 0,30
| T (. 40

.50 0.80
3. 60 t. 80
15,00 2.70
14.90 5. 30

98

THE IEA.DAT DATA SET (Continued)

CIGIS~-MINIMM EXTRACTIIUN CUSIS DY LLADLL audn § 1)

FINAL COST 1S THr MAXIMUIM EXTRACTION COST a7

RESOURCE E(HAUSTION
(UNETS=197%5 DOLLARS/GIGAJOULE)

UNCON Q1L

3.80
7.60
12.80
25,8690
51.00
S0

NUCLEAR

6.83
15. 20
<1.80
2.0
o700

Z4.00

RAaDE
16=1
IG=2
IG=7
I1G=4
1G=%

FINNL

VISL——ENVIRONMENTAL COST AMOUNTS BY REGION aND FUEL
(UNITS=1975 DOLLARS/GIGAJOULE)

CoaL

n.o 1,60

D) D)

o000 0COO
CCOHOO0O0O

o

RIL==PRICE ELASTICITY OF SUFFLY,

CONV

P R

1.60
1.40
0.80
G. B0
Q.80
0.80
0.80
Q. B0

UNCON OIL

1.30
.20
1.30
0. PG
0.90
0.90
G, 90
Q.90
0.90

HUCLEAR

10, o0
1o, 00
| EXPE )
10,00
10,00
10.00
10,00
10.00
10.00

(bv SUFPLY TYPE AND REGIOMN)

GAS COAL
.0 1.0
.0 1.0
.0 1.0
L0 1.0
.0 1.0
.0 1.0
LA 1.0
.0 1.0
O 1.0

UNCOH QI

1.0
1.0
1.0
1.0
1.9
1.0
1.0
i.Q
1.0

REGION

1=0548

REGIOM

1 =USA

S=MEUR+CAN

I=0ECD Fal

A=ELISKR

S=ACENE -
&=M1DEAST

7=OFRICA

g=L aMER

I=SLE ASLA

EVALUATED FREVIOUS FRICE

S=WEUR+CAN

Z=0ECD
A=EUSER
S=ATENP
&=MIDEAST
T=AFFRICA
8= AMER

FAC

FwSLE ASTA

STISL——RATE OF TECHNOLOGICAL CHANGE BY SIUFFLY TYPE

AMD REGION
COAL

0, 005 Q.003
0. 005 [ PRI
0,003 0,003
Q. 005 Q.03
[ [ 1]
U.ong 0, 00S
0,003 0, oG
LA ER LA [APREIE)]
0. 003 G5

UNCON OIL

Q.05
0. 0035
0,005
0TS
. tHrS
Q. 00T
0,005
o, 0ns
Q.05

WNUCLEAR

0, 0S5
.05
0, 00S
N, %
[P R
G0z
[N Y
4, (5
0,005

REGION
1=USA

ZabE LR+ C i
Z=0CECD FAC
4=ELISSR
TcACENP

. &=MIDEARRT
U 7saFRICA

8= AMER
9=ShE ASIA

FESIL—MINIMW LEVEL OF SHORT-TER™M SUFFLY Br THWFE

CONYV OTL  CONV
0,03 n
DE e DR
(LI .
D0t a,
nL.n3 n.
0,07 [V
G.Q7% fa.
NLO0T 0.
0.0% DB

AND REGIOM

GAS CONL
0T (RPN
[ [P
03 LRI AR
[ LR e
(AN .03
i 0.03
Oz 0, 0%
o7 v, 07
03 0,03

UNCON OTL

0,07
[T
n,0%
G.03
0.03
Q.0T
.0z
.07
0,607

1)

NUCLEAR

Q.03
[ SN
Q.0

\

>
Sz
whble iy

{118)

REGION

1=USA

2=WEUR+CAN

T=DECD PAC
=EUSSR .
S=ACENT

&=MIDENST

7adFRIFS

8-L AMER

S-5%E A5t
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TABLE 6.1. THE 1EA.DAT DATA SET (Continued)

<

ESFIL-~INITIAL ESTIMAIE OF ENLCRGY SIrPLy

WY FLCL, KEGUOM, A 1RO
(UNITS=EXAJOULES/ YR)
N YEAR=1975
CONV QIL CONV GAS  ChAL UNCON OIL  NUCLEAR REGIUN
20,41 =0.73 17.18 Q. Q.62 Lat)Sa
4.77 8.98 9.60 0.0 0.38 2=WEUR+CAM
0.9 0.3t T 67 0.9 0.9 Ia0FCD PAC
.77 1i.91 25,77 .0 0.07 4A»EUBSH
3.0% 0.14 15,01 0.0 2,00 S=ACENP
42,35 1.2 0.03 0.0 Q.00 &*MIDENST
19.39 Q.29 .18 LI 9.00 7=AFRICA
9.92 1.55 0.3 Q.0 LAY BrL AMER
1.79 0.75 2.48 0.0 .01 I=SLE ASIA
GAS FLARING
"FLRL1™ IS5 THE FLARING RATE IN 1975, "FLRL2" IS THE ULTIMATE

FLARING RATE, AND “FLRL3*" IS THE MNUMBER UF YENRS TO REACH “FLRLZ."
THE MODEL EXFOMENTIALLY INTERPOLATES BETWEEN THE RATES.

FLRL1 FLRL2 FLRL3 REGION -
+ 055 « 050 10.0 us
070 . 030 1.0 WEUR+CAN
- 005 =010 1.0 JANZ
.Nag . 0%0 10,0 ' EUSSR
107 050 10,0 ACENF
.77 . O%0 S0 MIDEAST
. 736 . O350 b ) AFR
<327 « 050 8.9 LA
<349 . QS0 15.0 SEAS]A

RENEWABLE RESUOURCE CONSTRAINED 1ECHNDLOGIES
FARAMETERS INCLUDE LOGISTICS FUNCTION PORAMETERS. COST. AND SHaEE
DATA. “HYDROIL™ DRIENTS THE PRODUCTION FATH iN TIME: “HYDROZIL"
DETERNINES ITS SHAFE: “HYDROIL™ IS THE RESOURCE AMOUNT IN EJ;
THYDRG4L ™ [S PRODUCTION PRICE IN 1975 DOLLARS PER GJ: AND

"HYDROSL" IS THE ELECTRICITY SHARE OF HYDRO.

HYDROLL HYDROZL HYDFQTIL HYDROAL HYDROSL REGIUN
U, 4Z040 9 _0DaS0% 1.87 4,03 . 15287 us
0.38610  Q,07158 3.31 4. 0T Q. 24248 WEUR+CAN
V. 24160 Q.06883 .77 4,07 Q. 20997 JaNZ

-1.99788 0.09%1a 4.97 4,08 0. 11591 EVSSR

=3. 20688  O.09000) 5.756 4.0% 0.I4665 ACENF

~Z.54180 O, 15488 Q.bl 4,93 0.,0948% MIDENST

=3-9T006 Q0L 99T 7.371 4,07 O.287I7 nFR

“2.I32I8T Q.09701 b. 48 4,02 G.36207 Li

=2.7722 0. 10060 4,17 4,03 0, 6924 SESAEIA
SOLaR COSTS: CSLT(L,l} = PRODUCTION COST IN 1975

CSLTIWL.IZY = FINAL FRODUCTION COSTS
C5LT(L,7) = YEARS TO REACH FINAL FRODUCTION COSTS
CSLTY €sSLTC CELTZ REGIDN
200, &) 14.8% T0.00 us
40T, 40 14.8% .00 WEUR+CAN
<81, &0 14.8% S Hn OECD PAC
402,40 14,85 S0, 00 EUSSk
IT1. 40 14.83 S, 0 ACENP
128, 60 14.8% "D A ] MIDEAST +
144,00 14.85 0. N0 AFR
I21. 40 14.8% S0 00 LA
00 . 60 14.85 B, O SEASLA
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TABLE 6.1.

SYNFUEL FARAMETERS

(FARAMETERS INCLUDE A CONVERSTOM EFFICIENCY (GCT) .,
AND AN ELASTICITY COHMTRUL FARAHE TER
HCILT: THE FIMAL val.uC,
REACH THE FINAL VALUE.
TES FOR INTERMEDIATE

COsTS

HCILT1 IS THE IMITIAL VALUE,
AND HCILTS THE NUMBER OF YE&ARS Ta
THE MODEL EXPONENTIALLY INTERFOLA

YERARS)

HCILT!L
100G, 00
100,00
100, 00
100.00
100,00
100, 00

12.54

12.54

100, 00

tHCILT)

SYNCRUGE GCI =
SYNCRUDE RC1 =

aQIL
1.67
1.92
3.0
%.0

oI
4,98
41
°R. 28
.10

SJLLP

oIl
. 105
[FPRRL
1.36%9
0,139
Q.Z&0
1.9&3
O, #4473
5. 224
T.&72
0,277
0.156
0,687
0,477
G, 67D
Cc.51&

»

SYNCRUDE
HCILTZ HCILTS
4,035 5.
4,35 3.
4.55 3.
4,53 pra-18
4.53 S0
4.35 100.
4,55 25.
4,35 =5.
A.T5 50,
1.30
-&.00

100

HCILTI
18R,
100,
100,
100.
100,
1040,
109,
100,
100,

SYMNGAS
HOILTZ
3.0
3.30
3.50

-

SYNGAS GCI =
SYNGAS RCI =

A0 UM
(RCI).

HCILTT

=35.

23.

5.

S0.
100,

5.

<.

50.

1.59
-h ., 00

ENERGY SERVICE INPUT-QUTFUT COEFFICTENTS

GAS
. oh
1.90
3.0
1.7

NON-ENMERGY (-0 COEFFICIEHTS

GAS
3.=4
Py
200, 00
2.03

TRAELE 1.

ENERGY TRE&NSFORMATION BY SECTOR

coal
]
2.0

S 33

2.0%

coaL
2.87
-0
00, )
1.18

(GJIK, GJ)

ELECTRIC SECTOR

. B&
1.05
1.05
0.95

TABLE 2.

(HIE, HJ)
ELECTRIC
.41
1.14&

1B5.17

1. 13

REES/COH
IMDUSTRY
TRANSFORT
AGGREGATE

BY SECTOR

SECTOR
RES/COM
THOUSTRY
TRANSFNRT
AGGREGATE

BASE ENERGY SERVICE CONSUMPTION WETIGHTS
pvy FUEL Bv SECTNR BY REGION

(I TSaUND IMENT LONED?

GAS
0,687
G. 743
LU ]
0.123
O,0eS
0, Lm0
0,088
9,012
Q0
n.194
a,.n05
N, 712
Q.09
0.148
0.0e8

CoaL
0.011
0.129
0, (HB0
. 113
0,171
©.0uU3
O, 207
0. Th7
0.0l
Nn.T7s
. e
n, QO%
Q. 40
N, 044

v, 172

€LECTRIC
0,179
. 145
MU

I,
nr

212
.n28
862
i
L 35
187
Q.7 A
O, neT
0,714
o174
[

L4

LAt~ o0 C

B5kL

(120)

VARIABLE

G.IF =1, W]
GJK d=1 NS
GJIK J=1 . HJ
GJ, J=1,NJ

VARTAOLE

HI,J=1 N
HIt ,J sl ,N]
Hat =1 Nd
W, J=5,MJ

MDD BSHL tUNITE*EXQHDULES}

SECTOR

- . FE&/CLM

INDUSTRY
TRANSFORT
RES.COM
IHDUSTRY
TRAMFORT
RES/CON
INTISTRY
TRANCEANT
AGGRECATE
ALGREGATE
BiCREGATE
FGGHEBNTE
ALGREGATE
AGGREGNTE

THE IEA.DAT DATA SET (Continued)

REGION
Lo
WEUR+CAM
DECD PAC
ELSSR
AENF
MILEAST
SFRICH

L AMEF:
SLE ASLA

¥=1
K=l

b=

Yl
ka2

¥ =3

FEGION
138

1Sa

T

LFUR e
IS« L0
WEUF +C et
OLCD Fal
CEOT Fael
peoL Fal
USSR
crns
MILCAST
AERE1CA

L AMEF
EE ATA



ol
Q. 3385
0.1871
. 7030
0, 5492
0.3184
0.077&6
0,.4%33
Q. 1948
03,0299
0,4795
0.3764
0.6032
0. 7670
0.791¢
0. 5508

aIL
0. 2600
0.1871
2. 7030
07,5492
0.3194
n.0736
0, 4533
0, 1948
Q. 0299
Q. 4795
0, J200
0. 6032
0. 6700
DL &0
0. 6500

o1l

0. 28600
0. 1871
n. 7030
N, 5497
n.3164
Q. 07Té
0,4573
0.1948
0.0299
g, 479%
0.5744
D.60TT
(O3 2 T
[N |
0,4300

TABLE 6.1,

THE IEA.DAT DATA SET (Continued)
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BSJKLM ~- LDGIT FUNCTION SCALE FARAMETERS
(UNLTS DSJIHLM=LIND EMENS [UNFD)
YEAR = 1975

GAS
0.0348
0.0124
Q. DOGO
0.0814
0,0831
0.0000
0.0622
0. 0420
0. 0000
0.0380
0.0018
0.0431
0.0004
0.0186
Q.0089

coaL

0.0008
Q. 0N47
0. 0004
0.0118
0.0122
0. 5008
0.Q038
Q.0091
0.5779
0.03359
0. 1445
0.0023
0.0213
0. 0054
0.0260

ELECTRIC
0.358358
n.7958
0.2966
0.3577
0.3863
0,454
0.4787
0.7541
0,322
0.4486
0.2752
0.31492
0.2113
0. 18350
0.4147

SECTOR
RES/COM
INDUSTRY
TRAMSFORT
RES/COH
INDUSTRY
TRANSFORT
RES/COM
INDUSTRY
TRANSFORT
AGGREGATE
AGGREGATE
AGGREGATE
AGGREGATE
AGGREGATE
AGGREGATE

KEGION
usa

LIRA

Usa
WELR +CAN
WELR +CAN
WEUR+CAN
QECD PAC
QECL Fal
DECD FRC
USSF
CHINA
MIDEAST
AFRILA

L AMER
SLE ASIA

BSJKLM — LOGIT FUNCTION SCALE FARAMETERS
(IINITS BSJKLM=UNDIMENSIONED)
YEAR = 2000

GAS COoAL ELECTRIC SECTOR REGION
0.0548 0, 0008 0.5858 RES/COM  USA
Q.03%07 0.Q047 0,79%8  INDUSTRY USA
0. 0000 0. 0004 0.2965  TRANSPORT USA
0.0814 0.0118B G.3577 RES/COM  WEUR+CAN
0. 0871 0,012 0.5863 INDUSTRY WEUR+CAN
0, 0000 0.5008 0.47%4  TRANSFORT WEUR+CAN
0. 0622 0.00%8 0.4787 RES/COM  CECD FAC
0,040 0. 0091 [ e T 31 INDUSTRY QECD FAC
0, 00U0 0.5779 0.3922  TRANSFORT DECD FAC
0. 0790 0.0339 0.44B6 AGGREGATE USSR
Q. 0Z00 0.1039 0.775%  ABGREGATE CHIMA
0.04%) Q.0025 0.3492  AGGREGATE MIDEAST
0.0287 0,013 0.7B00  AGGREGATE AFRICA
0,0477 0. 0054 0.2117 AGGREGATE L AMEP
0.0187 Q. 0260 0.4400 ABGGREGATE S%E ASIN

BSJI'LH == LOGIT FUNCTION SCALE PARNMETERS
{UNITS BSJVLH=UNDIMENSIONED)
YEAR = T0T%

GHS cDAL ELECTRIC SECTOR REGION
0, 0548 L 0.%858 FES/COM US)
0.u207 0,47 0.7958 INDUSTRY USA
0. GOp) 0. 00nN4 0.79486  TRANSFORT USH
0.0814 0.0118 0.2577  RES/COM  WELR+CAN
0. 0gTy 0.0132 0.5867 INDUSTRY WEUR+CAN
0. POV0 0.5008 0.47%6  TRANSFORT WEUR+CAN
0.042 0.0n%58 0.84787 RES/COM | OECD FAC
. 04T 0, NH0e) 0.7541 INDUSTRY DECD PAC
0, D0 0.5779 0.3§22  TRANSFORT OECD PAC
0o1LTs n.n198 0. 4488  ALGREGATE USER
[V T TRV 708 Q. 2753 AGGREGATE CHINA
0. 04S1 N, TS N.34%92  AGGRCGATE MIPEAST
0.04B7 0. 0TI 0,740, ABGGREGATE ~FRICA
RYRTY Jubed v. (054 0.23I8T  AGGREGATE L »RER
D P 0.NT40 0.4500  AGGREGATE S%E ASIA

(121)
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TABLE 6.1, THE IEA.DAT DATA SET (Continued)

BSJKLM —= LOGIT FUNCTIDN SCALE FARAMETERS
(UNITS BSJkLH=LUND [MENSIONED)
YEAR = 205D

OIL BGAS coAaL ELECTRIC SCECTUR FEGIOM
0.2&600 0, 0348 0, 0008 0. 58458 RES/COM SA
n, 1871 0. 0207 0,0Q047 0, 7758 INDUSTRY LIEA
0.7050 DIV T Q. 0004 0. 2966 TRANSFORT USNH
0.3492 0.0814 06,0118 n.3577 RES/COM Wikl JR+CAN
0,3184 0.(831 o,0122 0, 50867 INDUSIRY WCURCoN
0. 0726 0. 0000 0. 35008 0,4256 TRANSFORT WEUFR+LAN
0.4%533 0.0&627 0. 00%8 0.4787 RES/LOr QECD PAC
0, 15948 Q.0420 0, D091 0. 7541 INDUSTRY OQECD P&C

9.0299 0, 000 0.577%9 0,392 TRANSFORT OECD FAC
0.4795 0.1423 0.01289 0.4486 AGGREBATE USSK

2,4T33 0. QBN 0.0X47 0,2753 AGGREGATE CHINA
0, 6032 G.0435] 0.0033 0.3472 AGGRECATE HIDEAST
0. 8830 0.0787 0.0213 O. A0 ABOGREGATE AFRICA

0Q.,6001 0.0423 0.0054 0.2650 AGGREGATE L AMER
0. 3700 ©.0374 0.02460 0. 4600 AGGREGATE SLE RSIA

BSJKLM ~~ LOGIT FUNCTION SCALE FARAMETERS
(UNITS BSJIKLM=UNDIMENS 1ONED)

YEAR = 20735

oIL GAS CoAL ELECTRIC SECTOR REGIDN
©. 28600 0.0548 0.0008 0. 58358 RES /COM UsSA
. 18718 D.0207 0.0047 0. 7958 INDUSTRY UGA
0. 7030 0. (D C. 0004 Q.2986 TRANSFORT U3A
0,549 a,08148 Q.0118 0.I577 RES/COM  WELR+CAN
n.2184 0.08%1 0,012 0.5863 IMDUSTRY WEUR+CAN
.07 %8 O, 0000 <. 300 0.42%¢ TRANSI DRT WEUR+CAN
(S} 0.0422 N, 00358 0.4787 RES/COH OECD PaAC
0. 1948 0.08%20 0. 0091 0,7541 INDUSTRY QOECT FaC
0.0299 0. 0000 0.577%9 0, ¥ TRANSPORT OECD PAC
0.4793 WL 14335 0.017B 0.44046 AGBREGATE USSR
n, 4323 0,080 0.0T47 D.LITST AGCREGATE CHINA
DN - T ¢. 0451 0.002% 0.35497 AGGREGATE MIDEAST
7.4800 - 10,0787 Q.23 0. 40 AGEREGATE AFRICA
O, &0N1 H.04207T Q. 1054 Q. 2650 AGEREBGATE L AMCR
N, SR 0.0374 0. 02860 Q. 460 AGGREGATE SLE &SIA

BSJIELM -— LOGIT FUNCTION SCALE FARNAMETERS

(UNITS BSJIHLM=UINDIMENSIONED)
YEAR = 2109

a3 418 GAS COAL ELECTRIC SECTOR REGIOM
O, T&HY G, 0548 0,008 0.5878 RES/CDH UsA
n.1871 0, 0207 0. 0047 Nn.79%8 INDUSTRY  USA

T TOTO U, O . 000 0.294&6 TRANSFORT: USn
0.5492 6.0814 G.Q118 0.1577 RES COM  WEUR:CAN
A ¥ L] 0. 0871 0.0122 0.TB6T INDUSTRY WEUR+CAN
nL0aTTE 1, OO0 N, 5008 0.42%46 TRANSFURT WEUR+CAN
1. A53T 0. 0eI7 a, 0se n, 4787 RES/COM  DELD FaC
0. 15403 a.047n Q, 0091 Q. 7%a1 IMDUSTRY DECD FAC
fLa2ee O e N, 5779 0,397 TRAMSFORt OLTD FAC
0.ATRG 0,145 0,018 0.4484 AGGFEGSTE USSR

0w, 4Tz th, OB H) i, 1347 0. 2753 ACGRESATE CHITNA

0. eUTT .05} 0, 007S 0,7992  AGGREGATE HILEAST
~,agen N nTBY G, 0212 [ Tali AGSFEGATE AFRILCA
N, 4001 0, 0ITT 054 0,263 AGGREGATE L AMER
", 3800 n,.0374 0, 0ZTeY 0, 4400 AGGREGATE SLE ASIA

(122)



TABLE 6.1.

FRICE ELASTICITY CONIROL PARAMETERS

103

THE IEA.DAT DATA SET (Continued)

AGH aIL GAS CoAL ELECTRIC SECTOK

REF ¥, RPJE.
=0, r -Z.0 =3.0 =2.0 =-3.0 FES/COM RI4vE .0 1 =
-7 =J.0 -2.0 -T.0 =-3.0 INDUSTRY RFY: ,0F ) =2
=-0.7 “13.Q =13.0 =13.0 -17.0 TRANSPORT RFELE  JI a3
RFK RPJ
-0.7 D ~2.5 -2.5 -2.% AGBREGNTE RFEk,RFJ

INCOME ELASTICITY CONTROL PARAMETERS

AGGE QIL GAS CoaL ELECTRIC SECYOR
RYKK RYJ¥
1.4 =2,10 Q. 30 -0, 20 0. 10 RES/("OM RYbE 0L, )=t
l.o00 0.00 G. 10 =0,30 Q.20 INDUSTRY Pyt g b =2
1.00 0.0 0. Q.00 0.00 TRANSFORT RYI K, 0¥ k=T
RYJ
~-2.10 Q.10 -4, 20 o.10 RYJ,J=1,4

RYKLT~~INCOME ELASTICITY FOR THE EUSSR (L=»%) AND OTHER LDC 'S L s
INFUT 15 THE INITIAL VALUE IN 1975. THE PRUGRNAM INTERFOLATES
OVER A 73 YEAR FERIDD TO A FINAL VALUE 0.8 TIHMES THE ORIGINAL

FOR THE EUSSR AND 0.71 TIMES THE ORIGINAL FOR UTHER LDC'S ”
1.25 EUSSR (L =4)
1.40 LDC S{L -4)

RYL--ENERGY-GNP FEEDFACK ELASTICIVY » BY REGION

-0.15 1=i5A
0. 15 I=WEUR+CAN
=0.15 3=0ECD PAC
~J. 15 4=EUSSR
~0.,20 S=ACENP
3.05 b=MIDENST
=0, 20 7=AFRICA
=0.20 B=L AMER
=0. 20" F=SLE ASIA

€Ol — CARBOM RELEASE BY SOURCE
(IN TERAGRAMS OF CAKEON PER E£XAJOULE}

oIL GBS CONL  COrL LI0=~ CUML GAS— SMHiWE nlL
BURNUF BURTIFE BURNUF UIF&LTION IFICAT ION PRADUCTIUN ®i0masz
19.7 13.8 3.9 iB.9 4.9 7.0 0.0
FROFORTION NF FLARED GAS BURNED (SBURILT Tal IS (MITINL
(19731 SHARE, Twl IS ULTIMATE SHARE, Tw3 IS MUMEER OF EARS
TO SEIMNLZ. PROPORTION UF R&CKSTOF FUEL FROM CAREOMATE ROC)
(SHALET, T=1.T,3) Was TOENTICAL INTERFRETATION. -
SEURNL | SBURNLD SRURNL S SHALE1 SHal EZ SHALEZ FESION
.17 [V g 1.0 v.01 0,99 T us
JAPE Vs 0,15 235.0 0.0l XN b LAY wWELE 00
1.00 015 3.0 Q.01 3,99 FAUS T UEZL FaC
1.060 0,15 35,0 n,o 0.%0 T0L0 ELgze
1,40 n, 15 TE.0 Q.01 0.2% 0.0 ARCCNF
0.9 0.15 TH.0 .01 (X .0 MITELST
. T (v 3} Jo.u (LML n.I5 B WFwirgy
0.9 0.1% 5.0 .01 0,25 700 L ArEF
n.BY G, 1% IS¢ 0.0 0. 2% AL SLE ~S1A

(123)
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TABLE 6.1. THE IEA.DAT DATA SET (Continued)

FEEDSTOCK USES OF FOSSIL FUELS (SFEDIL} =-- SHARE OF EACH
FOSSIL FUEL USEDR AS A FEEDSTOCK.
arc GAS coaL REG LM
0. 04% Q.09 0.7 us
0.072 0.027 O, 007 WEUR+CNN
0. 092 0.029 3.007 OECD PAC
.09 0,029 Q.007 EUSSR
g. Q70 0.029 0.007 ACENF
0,141 02.029 0.007 MIDEAST
0.0Z0 0.029 Q.07 AFRICA
N.0s4A 0.0°29 0,007 L AMER
¢, NEl 0.02% 0,007 S¥E RSIA

BIOMASE COEFFICIENTS: THE SUPFLY FUNCTION FOR BIGHASS

INCLUDES WASTE AND “EMERGY FARMS™ AS SEPNPATE TECHNOLOGIES.

THE CODED FUNCTIONS ARE REFRESENTED BvY LIMEAR SEGMENTS.

THE JFARAMETERS ARE CRITICAL FOINTS FOR THE FUNCTION AND

REGIONAL RESOURCES. BIOPSM ARE CRITICAL PRICE/SHARE

COMBINATIONS. BIOLM ARE MAXIMM RESOURCE AMOUNTS — WASTE ¢
1S DEFENDENT ON ECONDMIC ACTIVITY. THE WASTE TOTaL IS

BASED ON 1973 ECONOMIC ACTIVITY (PRICE--1975 $/6J, RUANTITY—-EJ)

WASTE (BIDPSM) EMNERGY FARMS (RICPSM)

FRICE SHARE *RICE SHARE
0.170% 0.0 0.0 0.0
1,80 0.3 2.1 0.0
4,60 0.8 Z.4 0.2
5. 60 0.8 4.4 3.8
WASTE ENERGY FARMS
tRIOLH) (FioLH) REGION
£.48 g:.2 us
7.9% 30,00 WCUR+CAN
.74 12,19 OECD PAC
8.73 98.43 EUSSR
7.04 Q.00 ACENF
1.t 0.00 HIDEAST
5.7 177. 44 OFRICS
7.81 G, 45 L AMER
1G. 40 0. 00 S%E Aasia

INCOHE ELASTICITY OF BIDMASS SUFFLY

0.30 RYSUT

(1243



NOTES:
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TABLE 6.1. THE IEA.DAT DATA SET (Continued)

General References for letters used in the variables:

Regions:

W~ houn B by o

Fuel (oil, gas, solids, nuclear, solar, hydro)

Secondary Fuel (oil, gas, solids, electricity)

Sector of Energy Consumption (l=residential/commercial,
2=industrial, 3=transport)

Region (See below)

Time Period (1=1975, 2=2000, 3=2025, 4=2050, 5=2075, 6=2100)

ISA = United States

CAN/WE = Canada, Western Europe, and Turkey

JANZ = Japan, Australia, New Zealand

EUSSR = Soviet Union and Centrally Planned Europe
ACENP = Centrally Planned Asia

MIDEAST = Middle East

AFR = Africa

= LA = Latin America
= SEASIA = Noncommunist South, East, and Southeast Asia

(125)
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BESIL:

BIOPSM:

BIOLM:

BSKL:

BSJKLM:

BSUILM:

CIGIS:

COT:

CSLT(L,1):
CSLT(L,2):
CSLT(L,3):

ESFIL:

FLRL!:

FLRLZ:
FLRL3:

GCI:
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TABLE 6.3. GLOSSARY OF VARIABLE DEFINITIONS

Minimum level of short-term supply forthcoming if the full
price is high enough to allow some production. Basis of
short-term market penetration constraint,

Each supply function for blomass is made up of a basic
linearly segmented supply schedule which is shifted outward
(quantity supply multiplied) by the renewable resource
base. Critical price quantity combinations for the basic
supply schedules are given by the BIOPSM arrays.

Basic renewable resource base for each type of biomass (from
waste and from farms),

1975 total energy service by sector.
Undimensioned parameter used to calculate fuel shares.

Benchmarked to 1975 actual values. Minor modifications for
other years {no units).

Utility fuel share weights used to calibrate the model to
1975 actual shares then gradually revised to remove fixed
capital bias.

Minimum extraction cost (1975 US $/gj) for fuel grades 1-5.
Final cost is the maximum extraction cost at resource
exhaustion.

Rate of release of COyp (teragrams of carbon per ej). Note
coal liquefaction and gasification now are calculated
internally.

Solar production costs in 1975 US $/gj.

Final solar production costs irn 1975 US $/gj.

Number of years to reach final solar production costs.

Initial estimate of rate of energy supply (g]j) used to
benchmark the model to 1975 base.

Gas flaring rate in 1975. Flaring = Burning and
reinjection.

Ultimate fraction of gas that will be flared in each region.
Number of years to reach the ultimate flaring fractionm.

Synfuel parameter. Ratio of solid feedstock (gj) to output
of synfuel (gj).

(133)
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TABLE 6.3. GLOSSARY OF VARIABLE DEFINITIONS (Continued)

GLJ: A tefinery coefficient. A conversion efficiency, the ratio
of joules of primary energy in to joules of energy product
out (exclusive of fuels used as energy by the refinery).

GJ,GIK: Ratio of final energy (gj) to energy service {gj) produced.
Energy service price = (GJK) x (secondary energy price) +
KIK,

GNPBL: Base year GNP in millions of 1975 US dollars.

GUI: Ratio of joules of energy in to joules of electricity out.

HCILTL: Initial (1975) non-fuel costs of synfuel (1975 US $/gi).

HCILT2: Ultimate (year = 1975 + HCILT3) nonfuel costs (1975 US $/¢3)

HCILT3: Number of years to reach final non—fuel synfuel costs.

HIJ: Non-energy mark—up cost. Accounts for cost of refining and

distributing energy products (1975 US $/gjl).

HUIL: Electricity parameter reflects non—energy costs (fixed on
capital costs).

HYDROIL: Hydro orientation parameter orients production path in time
of logistic function.

HYDRO2L: Determines the shape of the hydro logistic function.
HYDRO3L: Hydro resource amount avallable in each reglon.
HYDRO&4L: Renewable resource constrained technologles parameter

reflecting production price (1975 US $/gj).

HYDROSL: Aydro electricity cost share in each reglon.
1G: Grade of fuel.
PAUIL: Electricity parameter. Multiplicative factor adjusting the

refined fossil fuel price to account for different fuel type
and distribution.

PIM: Initial estimates of world prices for oil, gas, coal. These
prices are used to start the search process for market

clearing prices.

PROL: Annual labor productivity growth rate.
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RCL:

RIGISL:

RIL:

RPJ,RPJK:

RPK,RPKK :

RUL:

RYJ,RYJK:

RYEKK:

RYKLT:

RYL:

RYSHT:

SBURNL1:
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TABLE 6.3. GLOSSARY OF VARIABLE DEFINITIONS (Centinued)

Synfuel elasticity parameter. Controls substitution between
solids conversion to liquids, gases, or solids (value
between zero and negative infinity).

Resource base for five resource grades {exajoules).

Price elasticity of supply. Percentage change in the
short=-run {25 years) supply of fuel for each percent change
in cost. Used to set maximum rate of market penetration.
Evaluated at the previous price,

Dimensionless measure of end-use inter-fuel
substitutability (values between zero and negative
infinity).

Price elasticity of energy demand (values between zero and
negative infinity). Percentage change in final consumption
for each percentage change in the price of final energy
(aggregate of oil, gas, solids, and electricity).

Logit substitution coefficient governing the response to
utilities to price changes for a given technology. Hydro is
fixed (value ranges between zero and negative infinity).

Controls the relative use of each fuel as income changes.

Higher values imply that as income rises greater use is made
of that fuel, other things equal,

Dimensionless measure of the percentage changes in aggregate
end-use fuel demand (o1l + gas + solids + electricity) for

each percentage change in the aggregate price (OECD regions
only).

Dimensionless weasure of the percentage change in aggregate
end-use fuel demand (o0il + gas + solids + electricity) for
each percentage change in the aggregate price.

Percentage change in GNP for each percentage change in the

price of energy services (positive number implies that the
price increases raise GNP).

A biomass supply variable. For biomass supplied by waste,
the resource base is scaled by an index of GNP (1975 = 1.0)
taken to the power RYSHT.

Initial share (calculated for 1975) of flared gas actually
burned (1 - SBURNL] is the share vented and reinjected.)
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SBURNLZ2:

SBURNL3:

SFEDIL:

SHALEL:

SHALEZ:

SHALE3:

SJXLP:

STISL:

TKL:

TRI:

TXILM:

TXJILM:

VISL

L

ZLM:
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TABLE 6.3. GLOSSARY OF VARIABLE DEFINITIONS (Continued)

Share of flared gas burned after SBURNL3 years. Share is
constant thereafter. Values for SBURNL between 1975 and
SBURNL3 years later is exponentially interpolated.

Number of years to reach the ultimate share of flared gas
actually burned.

Share of each fossil fuel used as feedstock.

Initial share of shale oil production from carbonate rock
calculated for 1975.

Share of shale oil production from carbonate rock reached
after SHALE3 years. Share for years between 1975 and (1975
+ SHALE3) are exponentially interpolated.

Number of years to reach ultimate share of shale oil
production from carbonate rock.

Welghts used to calculate the end-use sectoral aggregate
cost of energy services.

Rate of technological change. Annual rate of reduction of
cost of supply.

Annual vate of end-use energy efficlency improvement.

Cost of transporting each fossil fuel per gigajoule.
Assumed paid by importers of the fuel.

Scale factor applied to fuel prices to represent import or
export tariffs (value of 1.0 leaves prices unchanged) .

Energy taxes on final consumption (value of 1.0 leaves
prices unchanged).

Additional cost to protect the environment over and above
those existing in 1975 (1975 US $/gj) applied as an add-on
cost to all grades.

Population (thousands of persons) in 1950.

Population (thousands of persons) in forecast periods 1975,
2000, 2025, 2050, 2075, 2100.

(1363



CHAPTER VII
DETAILED PRINTED OUTPUT

The model can also produce detailed printed output. A set of
parameters at the beginning of the NIEA.DAT data set control access to
detailed printed output. Unless these variables are changed from their
initial values, no detailed printed output will be generatd. In this
chapter we will look at how to obtain detailed printed output. The portion
of the model this chapter deals with is shown in Figure 7.1.

Overview

- Retrieve NIEA.DAT

~ Set values for NOPT

- Save changed NIEA.DAT
Type: RUNMODEL
Press: Return key

EXAMPLES
We will run two examples of detailed printed output:

Example 1: Printing Input Variables (NIEA.DAT).
_ Example 2: Printing Carbon Dioxide Emissions Output.

Example 1: Printing a Table of Imput Variables

NOPT(2) countrols the shadowprinting of NIEA.DAT as the model reads
this data set. To shadowprint the data set we must go through a six step
procedure.

1. First we must retrieve the NIEA.DAT data set, the beginning of
which appears in Figure 7.2.

117
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#+ NODEL=AB4PC s BASE CASE: MEDIAN INPUTE ASSUMPTIONS soee
e» DATASOATAN oo t OCTCBER 198% . ot
ove DETAILED PRINTED OUTPUT GPTION CODES: MNOPT.NE.1m=> PRINT eee

1 =NOPT (1) &TABLE OF PROGRAM CONTROL PARARETERS

1 sMOPT(Z) =TABLE OF INPUT VARIABLES (THIS DATA SET)

L “NOPT(Z) oINTERMEDIATE OUTPUT FROM SUBAOUTINES XXXX AND REVISE

1 eNOPT (&) =INTERMEDIATE OUTPUT FRORM SUBROUTINE ELAS

1 =NOPT (8] =REGIONAL ENERGY BALANCE TANLES FOR PERICD M

1 =NOPT(4) wSLTWMARY TANES FOR PERIOD R

I =NOFT(7) «FRICE DATA TABLES FOR FERICD R

1 eNOPT (B} ~CARBON DIOXIDE CUTPUT FCR PERIOD M

1 =NOPT(¥) =SUMMARY TABRLES FOR ALL PERIODS

S ~MIBER OF FORECAST PERIODS
> MODELeBePC oo BASE CASE: MEDIAN INPUTS ASSLIPTIONS veve
e DATASDATAA o= t GCTOBER 1ves sose

N

Poc ! Pg 1l Ln i Poas

Figure 7.2, Detsiled Printed Output Options

NOTE: Retrieving NIEA.DAT., You may wish to refer

to Chapter VI for reference figures.

(139)




120

2. Change NOPT(2) to print mode.

" 1=NOPT(2)" to read "2-NOPT(2). See Figure 7.3.

This is accomplished by changing

-

)

cinns P L s e it
#¢ MODEL*AGAFC oo -

ae DATA=DATAR & 1 OCTOBER 1%83

*ore
Lo o d

BOS# ST ETED O s saRIIDEE -

. «TABLE OF PROGRAM CONTROL PARAMETERS
«TAELE OF INPUT VARIABLES (THIS DATA SET)

2 wNOPTI(D)
1 =NOPT (L),
T s INTERMEDIATE SUTPUT FROM SUBROUTINE ELAS
1 =HOPT.(Z) =REGIONAL ENERGY BALANCE TABLES FOR PERICD H
1 =MOPT(4) wSUMMARY TABLES FOR PERIOD M
i =NGPT(7) =PRICE DATA TABLES FOR PERIUD B
1 =NOPT(8) =CARBON DIOXIGE CUTPUT FOR PERICD R
1 =NOPT(Y)} wSUMMARY TABLES FOR ALL PERICDS

= w=AMBER OF FORECAST PERIODS

-

sos DETAILED PRINTED QUTPUT OPTION CODES: MNOPT,.NE.je=)> PRINT eoe

« INTERMEDIATE OUTPUT FAOM SUBROUTINES IXXX AND REVISE

acone

so MODEL=ARSPL o BASE CASE: MESLAN INPUTS ASSUMPTIONS ——
se DATA=DATAR 8o i1 OCTOBER 1783 e
covend LN IR OHS - -

Do 3 Pg 1 LA 9 Poz

_

Figure 7.3. Changing

3. Title the output.
starred box below the NOPT tables, like "Example:

Table of Input Variables” (see Figuvre 7.4).

(1403

"1=NOPT(1) to 2=NOPT(2)

Brief comments may be included with the
Printout of
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8 S

ss PODEL «ABAPL »s BASE CASE: MEDIAM [NPUTE ASSUMPTIONS svon
»e DATA=DATAA oo 1 OCTORER L1782 st

o

s+ DETAILED PRINTED OUTPUT OFTION CODES: MNOPT.ME.im=) PRINT oes

] 1 =NGPT(1] =TABLE OF PROGRAN CONTROL PARAMETERS
2 «NgPTID) oTANE OF INPUT VARIABLES (THIS DATA €ET}
1 =ROPT(I} @ [NTERMEDIATE OUTPUT FROM SLBAOUTINES IXYX aND REVISE
T wNOPT(4) =INTERMEDIATE QUTPUT FROM SUBROUTINE ELAS
1 =NOFT(S) =AEGIONAL ENERGY BALANCE TABLES FIR m:un [
1 =NOPTiA} wEUMMARY TABLES FOR PERIOD B
1 «NOPT(7) =PAICE DATA TABLES FOR PEALIOD W
1 enOPT(E! «CARNSMN DIOXIDE OUTPUT FOR PERIOD N
$ SNOPT(Y) =SUMMARY TABLES FDR ALL PERICDE

S =AMIER DF FORECAST PERICDS

** FODEL =ASAPT o . BASE CASE; PMEDIAN INUTE ASESVTIONE L
os DATA=DATAA oo CXARLE ¢ PAINTOUT OF TARE OF INPUT WARIADLES

i

_ iy

Figure 7.4, Writing Title in Box

The printed note will appear as in Figure 7.5

[ S =MIBER OF FORECAST PEF10DS i \\

o -
e FODEL =ARARC &9 BASE CASE: MEDIAN [INFUTS ASSUMPTIONS * raw
os DATA=DATAA o» EAMPLE nnrmu? OF TARE OF INPUT VARIABLES esewe

PIM—INITIAL ESTIMATE OF PRICES FUA TRADED FLELS BY FUEL
aAND PERIDD
UNITS=177S DOLLARS PER B (QIGATOWLE) )

alL . BAS con
JA3YT . Z.8a38 .340%  THI
1.83v8 4T -S131 PIN Mt
2.4300 8420 <4200 PN Mg
3.7700 . 1.3700 « 7000 "IN el
4. 7400 2. 2300 8700 IR el

5.9000  3.4100  1.0400 PIN Mg
4.7000  3.4300  1.4300  PIA A

M

XN = TRADE BARRIERE (SCALE FACTOR APFLIED TD FUEL PRICES)

tyrs 2000 2028 2050 2073 2100 REGIDN
. 1800 1.0000 1.0000 . 1.0000 1. 0000 1.0000 UBA
‘ 1,400  1.4800  1.4800  1.4800  1.4800  1.4800 CAMADALAR
1-1000 1. 1000 L. 1000 1. 1000 1. 1000 1.1000  JANI
) 1.0000  1.0000 1. 000 1. 0000 1.0000 CUSER

1. 0000 1.0000 - 1.0000 1. 0000 1. 0000 1. 0000 ACEY"
~OrsYy « 4000 « 7000 1.0000 1.0000 1. 0000 MIDEAST
1. 9982 1.3000 1.0000 1.0000 1. 0000 1.0000 AR
. a3 1.0200 1. 0000 1. D000 1. 0000 1. 0000 LA
1 8500 1.0000 1. 0000 1. 0000 1. 0000 1. 0000 SLE ASTA

Figure 7.5. How Title Will Appear om Printout

(141)



122

Save the changed NILEA.DAT data set.

Saving NIEA.DAT. You may wish to réfer to

Chapter VI for reference figures.

Exit text editor.

Run the model.,

RUNMODEL

Press: Return key
Result: Credits screen (Figure 7.6) appears

Printer prints data as it is read

Main Inputs Assumption Menu {described in Chapter
IV and displayed in Figure 7.7} appears.

~

THE IEA/0RAU LONG-TERM
GLOBAL ENERGY-ECONOMIC MODEL
WIiTH COZ EMISSIONS

BY
JAE EDMONDS
AND
JomHn REILLY .
DAK RIDGE ASSOCIATER UNIVERSITIES
INSTITUTE FOR ENERGY ANALYSIS
WASHINGTON D.C. 2003é

FOR
CAREON DIOXIDE RESEARCH DIVISION
.5, DEPARTHENT DF ENERGY

' DISTRIBUTED BY
CARBON DIDXIDE INFORMATION CENTER
pAax, RIDGE MATIONAL LABORATORY
0Ax RIDGE, TN 37821

A

UNDER CONTRACT NOa DE-ACOS-T&ORQCOTS

COPYRIGHT 1983
THE FROGRAN IS5 RUNNING -4’/)

Pigure 7.6. Credits Screen
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e e

B S SHEHHERAR B S HSEE N RS

THERE ARE TWELVE INPUT ASSUMPTION CATEGORIES OPEN

TO USER INSPECTION AND/OR MODIFICATION, SELECT ONE
QF THE FOLLOWING:

POPULATION

LABOR PRODUCTIVITY

END-USE ENERGY EFFICIENCY

INCOME EFFECTS

PRICE EFFECTS

RESOURCE BASE

TECHNOLOGICAL CHANGE IN ENERGY PRODUCTION
ENVIRONMENTAL COSTS OF EMERGY PRODUCTION
MARKET PENETRATION SUPPLY TECHNOLOGY
SOLAR AND BIOMASS ENERGY COSTS

SYNFUEL COSTS

NUMEER OF FORECAST PERIODS

-
M=oo@~NCAAHN-

O NONE OF THE ABOVE. RUN THE MODEL.

L ENTER YOUR CHOICE, THEN PRESS RETURN smessad _/

Figure 7.7. Main Inputs Assumption Menu

Press: Return key

Result: Credits screen reappears
"Writing complete . . . Stop, program terminated”
(Figure 7.8) appears
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FOR
CARBON DIOXIDE RESEARCH DIVISION
U.S5. DEFARTMENT OF ENERGY

DISTRIBUTED BY
CARBON DIOXIDE INFORMATION CENTER
0AK RIDGE NATIONAL LABORATORY
OAK RIDGE., TN 37851
UNDER CONTRACT NO: DE-ACOS-760R00035

CORPYRIGHT 19835
THE PROGRAM IS RUNNING

HRITING COMPLETE...

Stap = Pragrae terminated.

Ci\COZHODEL >

\_

Figure 7.8. Program Terminated

You have successfully printed the input data set for your model
run.

(164) °
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Example 2: Printing Carbon Dioxide Output

1. Retrieve the NIEA.DAT data set

to Chapter VI for reference figures.

NOTE: Retrieving NIEA.DAT. You may wish to refer

See Figure 7.9.

e

*s MOLEL=AB4PC ®o BASE CASE:s MEDIAN INPUTS ASSLRWTIONS
»e DATA=DATAR &b 1 OCTUBER 1983

L o o
-

i

»NOPT (1) =TARLE OF rnnsnm':nm PARAMETERS
=NOPT (2) «TABLE OF INPUT VARIABLEZ C(THIS DATA BET?

«NCPT (47 = INTEAMEDIATE QUTPUT FROM SUBROUTINE ELAS
axOPT(S) =REGIOMAL, ENERGY BALANCE TABLES FOR PERIOD A
=NgPTib) =SUMMARY TARES FOR PERIOD N X

«NOFT(7) =PRICE DATA TABLES FOR PERIUD A

aNOPT (B} =CARBON DIOXIDE OUTPUT FOR PERIOD M

=HOPT{Y) =SUMRARY TABLES FOR ALL PERIDDS

G s ea g b e b e g

asUFIER OF FORECAST PERIODS

DETAILED PRINTED OUTPUT CPTION CODES: NOPT.NE. j=e) PRINT eee

=NOPT (I} =INTERMEDIATE OUTPUT FROM SUBNRQUTINES XIXX AND REVISE

:;mmamavCo- BASE CASEs MEDIAN INPUTS ASSUNTIONS
«s DATA=DATAA o 1 OCTOPRER 1983

B

N

.
.

Doc 1 Pg i

Ln i Pos

Figure 7.9. Printed Output Control Options
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2. Change desired output option to print mode

For CO? emissions change "1 =NOPT(8)" to "2 =NOPT(8)"

The data set should appear as in Figure 7.10.

—

\

FMODEL =ABAPC o4 PASE CASE: MEDIAN INPUTE ASSUrPTIDNS
DATA=DATAA &= 1 OCTOGBER 1983

1381

-8
L oo ol

» F 30808 * <

{ =NOPT(1) «TABLE OF PROGRAN CONTROL PARAMETERE
1 ®NORT(Z) wTABLE OF INPUT VARIABLES (THI$ DATA SET)

1 =NOPT(4) = INTERMEDIATE OUTPUT FROM SUBROUTINE ELAS
{ oNOPT(S) =REGICMNAL ENERGY BALANCE TABLES FUR PERIOD A
=nAPT (4} mSUMHARY TABLES FOR PERIOD M
1 =NOFT L7 T\»PRICE DATA TABLES FUR PERIOD N
ARBON DIOXIDE CUTPUT FOR PERIDC R
wnntroy/eSUMARY TABLES FOR ALL FERIODS

ece DETATLED PRINTED QUTPUT OPTION CODES: MNOPT.NE.l==> PRINT &

1 =ngPT(I) «INTERMEDIATE OUTPUT FRON EUDRDUTINES IXII AND REVISE

\ % ~NUMEER OF FORECAST PER10DS -
e MODEL =AQ4PC e BASE CASZ:1 MEDIAN INPLTS ASSUMPTIONS o
s DATA=DATAA oo 1 OQCTOBER 1783 e
P € D000 HB - +oB ¥
“Boc § Pg i1 Ln 1S Pou {

_

e

Figure 7.10. Changing “1 =NOPT(8) to =2 =NOPT(8)" for Printed Output Mode

3., We want to save the changed NIEA.DAT data set

Chapter VI for reference figures.

NOTE: Saving NIEA.DAT. You may wish to refer to

{146)
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4, Exit your text editor.
5. Run the model

Type: RUNNODEL

Press: Return key
Result: Credits Screen (Figure 7.11) appears
Main Inputs Assumption Menu (described in Chapter

IV and displayed in Figure 7.12) appears.

. ™\

THE IEA/ORAU LONG-TERM
GLOBAL ENERGY-ECONOMIC MODEL
' WITH COZ EMISSIONS

BY
JAE EDMONDS "
AND
JOHN REILLY
OAK RIDGE ASSGCIATED UNIVERSITIES
INSTITUTE FOR ENERGY ANALYSIS
WASHINGTON D.C. 20034

FOR
CARBON DIOXIDE RESEARCH DIVISION
U.S. DEPARTHMENT OF ENERGY
DISTRIBUTED BY
CAREBON DIOXIDE INFORMATION CENTER
OAK RIDGE NATIONAL LARORATORY
OAK RIDGE, TN 37831

UNDER CUNTRACT NOr DE-~ACOS-740RO00TS
COPYRIGHT 198%
\\__¥ THE PROGRAM IS RUNNING ‘//)

Figure 7.11. Credits Screen
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BEEFF RSB EER R AR ERE SRR RN

Yy sed
Tes INPUT ASSUMPTIONS Lok
e "

SRRBEHEIREENRRR PSRRI C RGBT TR

THERE ARE TWELVE INPUT ASSUMPTION CATEGORIES OPEN

TO USER INSFECTION AND/OR MODIFICATION. SELECT OME
OF THE FOLLOWING:

POPULATION

LABOR PRODUCTIVITY

END-USE ENERGY EFFICIENCY

INCOME EFFECTS

PRICE EFFELTS

RESOURCE BASE

TECHNOLOGICAL CHANGE IN ENERGY PRODUCTION
ENVIRONMENTAL CDSTS OF ENERGY PRODUCTION
MARKET PENETRATION SUFPLY TECHNOLOGY
SOLAR AND BIOMASZ ENERGY COSTS

SYNFUEL COSTS

NUMBER OF FORECAST PERIQDS

-
=0 0@~ 0- Uy

9 NONE OF THE ABOVE. RUN THE MODEL.

ENTER YOUR CHOICE, THEN PRESS RETURN memm=i __‘Ff//

Figure 7.12. Main Inputs Assumption Menu

Press: Return key

Result: Credits screen reappears. Output is printed.
A screen message "WRITING COMPLETE ... STOP,
PROGRAM TERMINATED™ {Figure 7.13) appears.
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FOR
CARBON DIOXIDE RESEARCH RIVISION
U.S. DEPARTMENT OF ENERGY

DISTRIBUTED BY
CARBON DIOXIDE INFORMATION CENTER
0AK RIDGE NATIONAL LABORATORY
0AK RIPGE, TN 378351
. UNDER CONTRACT NG: DE-RCOS-740RQ00ZS

COPYRIGHT 1983
THE PROGRAM IS RUNNING

WRITING COMPLETE...

*Stap -~ Program terminated.

. | ci\cozmopEL:

Figure 7.13. Program Terminated

NOTE: Notice that the printer begins to print after
the credits screen has appeared the second time as
opposed printing to after the first time the credits
screen appears as in Example 1. For options NOPT(3)
- NOPT(9), printing begins during the second

credit screen appearance.

We have successfully printed the detailed output for Carbon Dioxide
Emissions and may examine the output when the printer has stopped.
The output should look like Table 7.1.

(149)
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§i97% CO2 EMISSIONS REFORT

AP BBRNE R TR BB RIC RO RBNE

PRINTED OUTPUT FOR CO; EMISSIONS

cO” EMISSIONS BY REGION AND PRIMARY ENERGY SOURCE

UNITS: 10a#& TONNES OF CARBON
CONY SHALE
REGION oIL o1 SYNDIL COAL SYNGNS GNS TOTAL
usa 384, 0. Q. 408. 0. =55, 1036,
W EUR + CAN 87. 0. 0. 27B. o. 116. 471,
QECD PACIFIC 17. 0. a. &, 0. 4, 8s.
USSR/E. EUR. 408. 0. o, 612, 0. 160. 1179.
CHINA/ET.AL. 9. 0. 0. I54. 0. 2. 417,
MIDDLE EAST 717. 0. 0. 1. Q. 15. 3.
AFRICA 202. . o. =I. o. 5. 255,
LATIN AMER 182. 0. 0. . 0. 14. 205,
§.RE. ASIA &9, o. 0. b4, o, 10. 142,
ALL. REGIONS 2125. 0. 0. 1792, o, 590, 4507,
2000 CO0Z EMISSIONS REPORT
FYYYYTTXT TR TR L 222 2 0 0 0t gl
CUT EMISSIONS BY REGLION AND PRIMARY ENERGY SOURCE
UNITS: Los=& TONNES OF CARBON
CONV SHALE
REGION oIL oIL SYNOIL CoAL SYLGAS BAS TOTAL
ush o. o. o. o. o. 51, 5
W EUR + Can 255, 0. a. 0. 0. g9, 344,
QECD FACIFIC 0. 0. o. 0. 'R 11. 51,
USSR/E. EUR. 434, . 17. 1481. 0. 394, 07,
CHINA/ET. AL. 193, Q. o. 1z9a. Q. 7. 1492,
HMIDDLE EAST go4. o, o, 3. 0. 22 829
AFRICA S5S. o, 3. 223, 0. s 788
LATIN AMER 459. 0. a. 40, 0. 46. 547
5.LE. ASIA 47, 0. a. Z60. 0. 29 325,
ALL REGIONS 2745, o, ze, - 0. a5e, H701L.
T02% CO2 EMISSIONS REFORT
FANRDABEPEERDEROILBREROLDE
©02 EMISSIONS By REGION AND FRIMARY ENERGY SOURCE
UNMITE: 1Gees TONNES OF CAREON
CONV SHALE
REGION ol oI1L SYNOIL conL SYNGNS G5 TOTAL
usa 1. 1. w. 0. . eSS 1as
W EUR + CAN &34, 1. o, 0 a, o1z B49
OECD PACIFIC 1. 1. 0. " 0. IT. T4
USSAR/E, EUR. 1013 1. o Ze81 . 554 425
CHINA/ET.AL. 177. 1. 162, 1857 z. 27 oo
MIDDLE EAST S04 1. Q. 1 o. 174, 671,
AFRICA it 1. o0, 21 0. e, a:s
LATIN AMER 480 1. 5. =z . 739, 776
-B.%E.- ASIA 171 1. c. N a 120, caz
ALl REGIONS 3891 9. 418, 4811 s. 1321 1032
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TABLE 7.1. PRINTED OUTPUT FOR CO; EMISSIONS (Cont'd)
=0%0 CO2 EMISSIONS REFORT
I.OQOCQ.I'QIQII-.I...OQOQQQ
CD2 EMISSIONS BY REGION AND PRIMARY ENERGY SOURCE
UNITS: 10ses TONNES OF CAKBON
CONV SHALE
REGION 0IL o) {8 SYNOIL COAL SYNGAS GAS ToTAL
usa 2. 4, Q. Q. Q. 37D, IBt.
W EUR + CAN 189, 3. 0. Q. 0. 188, Ja60.
OECD PACIFIC 2. A, 0. 0. Q. s7. &2,
USSR/E. EUR. 479. 3. 1121, 4500. 64, &2Z7. &795.
CHINA/ET.AL. 168, 3. Sed. 2233, I2. Q7. 098,
MIDDLE EARST 1839. 4. 0. | 0. 559, 2412,
AFRICA 487. 4. 100, Ies. - [l 1109.
LATIN AMER 401. 3. 18. &49. 1. 180, 472,
S.xE. ASIA Xb. 3. 0. 1. 0. 30. 70.
all. REGIDONS 3583. 31. 180T, 7187. 103, 22353, 14958.
2075 C0Z EMISSIONS REPORT
..'OQi.i.f.'l!i.lQl..iQ.l -
CcOZ EM1SSIONS BY REGION AND PRIMARY ENERGY SOURCE
- UNITS: 10wsbs TONNES OF CARBAON
CONY SHALE
REGION Il o1L SYNOIL CoAL SYNGAS GAS TOTAL
usa 3. 7. a. 0. 0. 189, 179.
W EUR + CAN 117. -9 Q. 0. 0. Q. 12%.
DECD PACIFIC 3. [ Q. Q. o e N 0. e,
USSR/E. EUR. 52. 6. 2833, 789, S04, 0, 9184,
CHINA/ET.AL. Q. 7. 15435, 146, 274. 1635, 38
MIDDLE EAST 1703. 10, 1. 1. 0. 1091. Z806.
AFRICA 397. 10. 221. 4T3. 38. 395. 1494,
LATIN AMER 0. a, 45, = a. 0. 153,
5. kE. ASIA a7. 8. 1. 1. 0. o4, 12%.
ALL REGI1ONS 2362, &7, 44663, 9462, 824, 1943, 19221,
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DETAILED DISCUSSION OF PRINTED OUTPUT

Having worked through two examples in which detalled output was
printed, we examine the detailed printed output options more clasely.

Detailed Printed Output Option Codes

The detalled printed output option codes are displayed in Figure
7.14. Nine cholces are available to the user.

To print an option set the appropriate NOPT to equal "2.°7

NOTE: Changing NIEA.DAT. Remember that when you
change 2 value in the NIEA.DAT data set, that change
will remain for all future runs of the model. Thus,
if you change an NOPT{) code to the printing mode,
detajled printed output will be printed every time you
run the model unless vou change it back again.

The detailed printed output options are summarized in Table 7.2 and
displayed in Tables 7.3 = 7,1l.

4 T

.o © P-0-8-0 CD SO O OB PN
MODEL =ADAPL oo BASE CASE: WEDIAN INPUTS ASSUMPTIONS oea
BATA=DATRA & 1 OCTOPER 1980 L

$811

DETAT}LED PRINTED W‘I?‘IJT QPTION CODES: NOPT.NE.i=w=> PRINT ove

wNOPT (1) =»TRELE OF PROGRAM CONTRO. PARAMETERS

~NOPT(2) wTABLE OF INPUT VARIABLES (THIS DATA SET)

TP T (T) SINTERMEDIATE OUTPUT FROM SUBROUTINES XIXX AND REVISE
«NOPT (47 = INTEPMEDIATE OUTPUT FROM BUBROUTINE ELAS

—~OPT(8) =REGIONAL ENERGY BALANCE TABLES FOR PERIOD #

anOPT (4} *SUMMARY TABLES FOR PERICD ®

=NOPT(7) =PRICE DATA TABLES FOR PERIOD M

»NOPT (B)] »CARBON DIDXIDE OUTPUT FOR PERIOD R

—nOPTI9) ~SLPTMARY TABLES FOR ALL FERIODS

L B e g o e e g 3 g

~MUMEER OF FORZLCAST PERIODS

e HODE. =AB4F( oo BASE CAST: RMEDIAN INPUTS ASSLHPTIONS
«s DATA=DATAA = 1 BCTOPER 17E3

* O D L g 2d -1

i

Pas & Pg 3 LA}

Pigure 7.14. Detailed Printed Output Option Codes

F1R90
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TABLE 7.2, SUMMARY OF DETAILED PRINTED OUTPUT OPTIONS

Qutput
Option Code Title Description
NOPT(1) Table of Program Prints variables within the
Control Parameters detailed structure of the model
(See Table 7.3) and the values they take on.
These values cannot be changed
by the user.
NOPT(2) Table of Input Variables Shadow prints the input file as

(this data set)
(See Table 7.4)

it is read. We may wish to use

this option:

1. For a complete record

2, If an error arises in running
the program and we had changed
a2 data element, NOPT(2) can be
‘used to find an error that
results from problems of
reading the data.

NOTE: The starred box. Below the Detailed Printed

Outputs Options Codes is a box formed by asterisks.
This box will be the heading of the Table of Input
Variables. We may make changes within this box.

NOTE: NOPT(2): Examples of Use. Example 1 at the be-

ginning of the chapter demonstrates how NOPT(2) can be
used for a complete record. NOPT(2) can also be used

to catch errors.
Cage 1l: We have accidentally

for 2 TXILM input variable. 1In other words, we have
entered an alpha numeric character in a space

specified for numeric characters. (Pigure 7.15a) This
will cause an error when the program tries to read the
inputs. By using NOPT(2), we can shadow print the
inputs as the model reads them so the printing will

stop where the error occurs.
output (Figure 7.15b), we can
to find and correct the error.

Case 2: We have pressed the return key and thus
inserted an extra line between "S5=number of forecast
periode” and the starred box that will be the
heading of the output. This pushes the other inputs

down a line, forcing alphanume
spaces designated for numeric

examining the printed output (Figure 7.16) we can see
that the error was in the alphanumeric inpucs.

typed "T" instead of "6~

By examining the printed
determine where to look

ric characters into
characters. By
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e N
oa HDZ-EL“‘:F.MPC e FA43E CASE: MEDIAN INFUTS &4SSUMPTIONS seee
ve DATmaDATGRA ®e 1 OCTOPER 1982 i

PR B R PRAC PO P PRO OO FPOCIEPIINGIPFCOOIFR PO IR CIUTPIILCRIPIBILETOICLIEIDEE

TRI-—TRANSFORTATION COSTS FOR TRADED FUELS

PIM—INITIAL ESTIMATE OF FRICES FOR TRADED FUELS BY FUEL
AND FERIOD
(UNITE=157S DOLLARS FER GJ (GIGAJDULE!?

oIL GAS COAL
0.1797 2.84%8 . TAO9 TRI
1.8798 €. 4138 L.312% PIH Ma)
‘:.:.65 0. B4 G.62 FIM ma2
.77 1.37 0.70 FIM M=l
4,74 .23 ©.87 BIH PMad
3.9 =41 1.08 PIM HaS

6. 70 .43 1.43 PIHF mMuws

TIILR - TRADE BARRIERS (SCALE FACTCR AFFLIED TO FUEL PRICES)

oo~ TXIw

2000 0238 2030 07T =100 REZIOM
1,00 1.00 1.00 100 1.00 usa
Doc ! Pg i1 LA 45 Pos 7
L -

Figure 7.15a. Typing a T~ Instead of a "6"

T eMNFER OF FOMECAST PERIGDE

e MODEL =ABAPC *» BASE CASE: FEDIMN IWFUTS ASSLTwTIONS aeae
ws DATA=CATAR &8 1 GCTUBER 19ES et

TR «=TRANSPORTATION CCSTY FOR TRADED FUTLS
Fim—IMITIA ESTIRATE OF PRICES FOM TRADED FLELS 8v FUEL
- AND PERICD :
(UNITE=197S DOLLARS PER OJ (GIGAITILED S

an L ] (=< 8
= 13¥7 2.8478 » 3407 ™I
1.-E3v =" - 144§ PIn el
. 2. ANOO - D400 +AZ0O PIin Pel
I.TIO0 1.3700 » 700 IR R=3
4.7400 2. T300 N s PIn =t
3. 7000 3.4100 1. 0w 00 IA med
P 314300 1. 4300 rIn s

~ . - .
TRILA = TRADE BAARIERS (SCALE FACTOR APALIED TR Pl PRICES)

an =  TEILA ;
7 000 03 0% 2073 3100 REGION

-

'@mu,ﬂmmm

Figure 7.15b. Using NOPT(2) Shadow Printing to Catch the Error

(154)



135

= «MMBER OF FORECAST *ERICDS
<= Extra line inzerted here

MEDIAN INPUTS ASSUMPTIONS
1 OCTUBER 1983

e RODEL=ABAPRC oo BASE CASE:r
s+ DATA=DATAA o=

L Lo

TRI—TRANSPORTATION COSTS FOR TRADED FUELS :
PiM—=INITIAL ESTIMATE OF PRIFES FOR TRADED FUELS
) AND PERIQD
(LNITE»197% DOLLARS PER 6J (GIGAJOULEY)

Y FUEL

Pigure 7.16. Printed Output for Case 2
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TABLE 7.2. SUMMARY OF DETAILED PRINTED OUTPUT OPTIONS (Continued)

Output
Option Code Title Description
NOPT(3) Intermediate Output Prints intermediate output con-
from Subroutines cerning the number of iterations
XXX and Revise of the equilibrium price search
(See Table 7.5) process, prices and supply and
demand. This option is a debug-
ging tool and most likely will
not be printed by the user.
NOPT(4) Intermediate Qutput Prints intermediate values for the
from Subroutine ELAS global price elasticties of demand
(See Table 7.6) for oil, gas, and coal. This op-
tion is a debugging tool and wost
likely will not be printed by the
user.
NOPT(5) Regional Energy Balance Prints tables for each period and
Tables for Period M each region for energy supply,
(See Table 7.7) primary energy demand, and
secondary energy demand.
NOPT(6) Summary Tables for Prints tables for each period and
Period M each region for primary energy
(See Table 7.8) demand, primary energy supply,
secondary energy demand, refinable
energy demand, refinable energy
supply, imports, electricity
demand, electricity supply, and
synfuel production, all by region
and type of energy source.
Includes table on energy use per
dollar GNP and per capita.
NOQPT(7) Price Data Tables Prints, for each period, the
for Period M Energy Price Report composed of
(See Table 7.9) tables for primary energy prices,
electric power generation costs,
and secondary energy prices.
HOPT(8) Carbon Dioxide Output Prints, for each period, the CO>
for Period M Emissions Report, a table
(See Table 7.10) detailing CO, emissions by region

& source,
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TABLE 7.2. SUMMARY OF DETAILED PRINTED OUTPUT OPTIONS (Continued)

Description

Qutput

Option Code Title

NOPT(9) Summary Tables for
All Period

(See Table 7.11)

{157)

Prints tables of primary energy
demand, primary energy supply,
secondary energy demand, conser-
vation and non—electric solar,
refinable energy demand, refimable
energy supply, synfuel production,
imports, electricity demand,
electricity supply, energy use
per capita and per dollar GNP,

and carbon emissions, all by
region and period.
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TABLE 7.3. PROGRAM CONTROL PARAMETERS
(2=NOPT(1)}

PROGRAM CONTROL PARAMETERS

- INITIALIZED IN SUBRQUTINE NSET-~

'WFF

= 2 KUMBER OF SYMNEUELS

NF = 3 NUMBEE oF [FOSSEL FueLs

w1 = & MAIBER OF PRIMARY ENFRGY. T“FRT

NIG = & NUMBER OF RESDURCE GAADES -PUR PDSSIL FUELS AND URANIUM
KIM = 2 NUMBER OF BIDMASS TYPES

NIP = 4 NUMEER OF BIOMASS SUPPLY SUHEDULE SEGMENTS

NIE o 4 NUMBER OF RESOURCE CONSTRAINED FUELS

NNIS =« S NIS PLUS ONE FOR NUCLEAR POWER

N - 4 MUMBER OF SECONDARY ENERGY TYFES

NJUMP = 25 NUMEER OF YEARS BETWEEN FERIDDS

NrHAaY = 2 MAY 1M NUMBER OF END-USE SECTORS

NEEMAX= 4 MAXIMUM NUHMBER OF END-USE SECTORS FLUS UTILITIES
NL = g NUMBER OF REGIONS X

HM e 5 NUMEER OF FORECAST PERIODS

NMREAD= & NUMFER OF FERIODS READ IN INPUT

NHMICT = 3 NUMEBEER OF INTERNATIONAL MARIETS

NU = 5 NUMBER OF COMFETING FUELS IN ELECTRIC GENERATIOM
NCUZ = B NUMRER OF COZ EMISSION CATEGORIES

MAXAGN= 75 MAXIMUM NUMBER OF ITERATIONS FER FERIOD

TEST = 0047 CONVERGEMCE TEST VALUE
EMD WJSE SECTORS

REG10n FinalL DEHAND SECTORS PLUS UTILITIES
uzA 4
CANADA & EUR
QECD FACIFIC
USSRE/. EUR,
CHIMA/ET.AL.
HIDDLE EAST
AFRICA

LATIN AMER
S.&E. ASIA

= e e o e W (] L

Pl b el pl &b

{1581
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TABLE 7.4. INPUT VARIABLES
(2=NOPT(2)

S =NUMBER DF FORECAST FERIODS

AL LI 22 S R 22 I Y Py Y P Y Y T I T I P P Y Y T T Y P Y T T Y Y TRy
#& MODEL =ADAPC #+ BASE CASE: MEDIAN INFUTS ASSUMFTIONS anes
#+ DATA=DATAA e» I OCTOBER 1985 Bass

G RLEDTFBRBARNORBIVNORAER LA ERRBER BB E RO P T O SRR N LA AP F R AP R BB ERER DR OO RaDED

TRI~-—TRANSFORTATION COSTS FOR TRADED FUELS

PIM--INITIAL ESTIMATE OF PRICES FGR TRADED FUELS BY FUEL
AND FERIOD
(UNITS=1975 DOLLARS PER GJ (GIGAJOULE) !

o1 GAS COAL
<1397 2.8458 . SA09 TRI
1.8I98 « 62586 L5121 PIM M=
2.46500 « 3400 + 6200 FIM M=2
3.7700 1.3700 » TOMRY PIM M=3
4,7400 2. 3300 . 8700 FIM MHwd
3. 9000 3.4100 1.0600 PIM Mu5
6.7000 3.4300 1, 4300 PIM M=& -

TXILM =~ TRADE BARRIERS (SCALE FACTOR APFLIED TO FUEL FRICES)

OIL — TXILM
1975 2000 2025 2050 2075 2100 REGION
- 7800 1.0000 1. 0000 1. 0000 1. 0000 1. 0000 usa
1.4800 1.4800 1.4800 1. 4800 1, 4800 1. 4800 CANGDALEUR
1.1000 1. 1000 1.1900 1. 1000 1. 1000 1.1000 JANZ
+ 9294 1. 0000 1. 0000 1. O 1. OO0 1. 000 EUSSK
1.0000) 1.0000 1. 0000 1. QOO0 1. (300 1. 00 ACEMF
0929 « #(H) - 7000 1.0000 | B D] 1.0000 MIDEAST
1.9983 1. 5000 1. GO00 1.0000 1.0 1. 0000 AFR
» 9945 1.0200 1. 0000 1. 00 1., Q0D 1.0000 LA
» B3O0Q 1.0000 1. 0000 1. 0000 1. 0ua0 1, GO SLE ASIA
GAS -- TXAILM
1973 2000 02S 2050 2075 =300 FEFION
. 1802 1. 0000 1. 6000 1. 9000 1. 0000 1. OO0 UsSa
1. 8000 1. 8000 1. 4000 1.2000 1. 2000 1. 2000 CARNGDALELR
1.8400 °  1.5500 1.2500 1. 0000 1, 0000 1, QOO0 JANZ
1802 1. 000 1.0000 1. 0000 1. 00 1. (s EUSER
. 1892 1. 0000 1.0000 1. 0000 1. Q0000 L. 0000 ACEHF
. 0501 « FO00D - 8500 1. Q00 1. OO0 1.0000 HIDEAST
. 1802 1. 0000 1. 0000 1. 0000 1. 0000 L. Ol AFR
B2 1.0000 1.0000 1. 0000 1. OO0 1. Oy LA
. 1802 1.0000 1.0000 1., D000 1. Q00 1.0000 SLE ASIA
COAL —— TxILM
1973 2000 <025 2050 2075 2100 REGIOH
« 004 1.0000 L. 000 1. 0000 1.G000 1. QU0 usa
2. 0700 .07 1,750 1.5000 1. 500D 1.5y CrtbatEUR
1. Q000 1. 0000 1. 0000 1. Q00D 1.0000 1. CRHDG JanN
LAHL2A 1. 0000 1.0000 1. 0000 1. 0000 1. 000 EUSER
» 04 1. 0D 1. 00On 1. 0000 1. D000 1. OUOg ACENF
1.0000 L. OO 1. 000 1. 0000 1. 00uH) 1. 00 HIDEAST
L. G000 1. 0000 1. 0000 1. OOws) 14 0000 1, 000 AFR
1. 0800 1. D800 1.0 1. W 1. 00wuy | e (&)
1.0800 1.0400 1.0000 1. 0000 1. M0 1. fumy S%E ASTA
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TABLE 7.4. INPUT VARIABLES {Continued)
(2=NOPT(2)

TYJLM -~ ENERGY TAXES ON FINAL CONSUMPTION BY FUEL, REGIOHN AND FEFIOD

OIL ==  TXJLH

1975 2000 2025 2030 2073 ZL00 REGION

1. 0000 L. D000 1. 0000 1. 0000 1.0000 1. Q0w Us&

1.0000 1.0000 1. 0000 1, QGO 1. 0000 1., 0000 CANGDASEUR

1.0000 1. OUOD 1. 0000 1. 0000 1.0000 1., H)0 JAHZ

1.0000 1. 0000 1.0000 1. OO 1., QG0H0 L CRIKIN] EUSSR

1. 000D 1.Q000 1.0000Q i . 0000 1. Q0GQ 1. DGO ACENF

L. 0000 1. 0030 i.0000 1, OO0 1. OMHH) 1., 0000 MIDEAST

1. 0000 1.0000 1.0000 1.90000 1.0000 1.0000 AFR

1. 0000 1.0000 1. 0000 1. 0000 1. OO0 1. 000D LA

1, 0000 1.0000 1.0000 1.0000 1. 0006 1. 00} S%E ASIA
BAS - TXJILKH

1975 2000 2075 2050 2073 100 REGION

1. Q000 1.0000 1. 0000 1. 3000 1. Q000 1.0000 usa

1. 0000 1.0000 1. 0000 1. Q00 1., 0000 1. 0000 CANADAXELR

1.0000 1.0000 1. 0000 L. 0000 L. OR¥) 1. 0000 JANZ

1. 0000 1. 0000 1.0000 1. 0000 1. 0000 1, Q00 EUSSR

1.0000 1. 0000 1,0000 1.0000 1. 000 L. OO ACENFP

1.0000 1. 0000 1. 0000 1.0000 1. 0000 i . D00 HIDEAST

1. 0000 1.0000 1.0000 1.0000 1.0000 1. 00O AFR -

1.0000 i.0000 1.0000 1. 0000 1. 0000 1. 0000 LA

1.0000 1. 0000 1. 0000 L. 0000 k. Q000 1. Q000 SLE ASIA
COAlL —— TXJLM

1975 2000 2023 2050 2075 =100 REGTOHA

1,0000 1. 0000 1.Q000 1.0000 . 1.0000 1. D000 usa

1.00G00 1. 0000 1. 0000 1. OO0 1. RO 1, Q000 CANADALE

1.0000 1. 0000 1.0000 1. 0000 I. QOG0 1. 0000 JAT

1. 0000 1.0000 1., 0000 1.0000 1. D000 Lo 2000 EUSER

1.0000 1. 0000 | . 0000 1.0000 1.0000 1.0000 ALCENFP

1.0000 1. DOOO 1.0000 1.0000 f - OO0 1. D0 MIDEAST

1.0000 1.0000 1,0000 1.0000 1.0000 1. 00 AFR

1. 0000 1.0000 1. 0000 1. 0000 1. 0000 1. 000 L

L. 0000 1.0000 1.,0000 1.0000 1.0000 1.0000 SLE ASIA
ELECTRICITY == TXJLAM

1973 2008 s e o030 . 2075 c100 REGIOM

§ . 0000 1.0000 1.0000 5. 0000 1., 0000 1. D uss

1.0000 1. 0G0O0 1.0000 1. 0000 1.0000 1.0000 CAtADPLELIR

1. 8000 1. 0000 1. Q000 1. 0000 1, 0000 [ LG A JeidZ

1. 0000 1. 0000 1. 000 1., OO0 1. 0000 1. 00 EUSTR

1. 0000 1. 0000 1 . QOO0 1,000 1. (00 1,000 ACENF

1. 0000 1. OO0 1.0000 1., OO0 PRV e | PR HIGEAST

. Q000 1. G0N0 1. 0000 1. 0000 1. 0000 1.0 AFR

1.0000 1. 0000 1., 0000 1. 0000 1. (200 10000 LA

1, 0000 1.00Q00 1. 0000 1. GO0 L. 000 K. Q000 S%E ASIA

FOFULATIONR (ILM)
UNITSaTHOUSANDS 0OF FERSONS

1950 197% 2¢m00 207059 2050 075 100

[ingadr b T14000, Tham, =82, 2BOOH, ST, J9TO00, usa
I002e%. AT 4T M, 329000, FEIN0, SHETOHMY, Do, ot WE

WEINT . 128000, 154000, 1&41HHD, 167000, 16000, LAF0u.  JAlT
TBsi1Z6. TRLO0G. F72000. F1EO00 hrpsuds LA 5410000, 41000, EUSSR
BIOLOT. Q11000, (TABNO0O. 1ATROO0. 1611000, 16547000, 15470000, ACENF

39048, 1700, 147000, 199000, 2ITT0MD. 241000, 41000, HIDEAS
TII039. IO, &I T, GATOOO. 1101000, L 1Sokky, ] 1S, aFR
165784,  IT1200G. San00uG. 71BOWO, BrTo00., BAF0oun. B49000. LA
£%T760. 1130000, 1904000, 2R, THEEOD. S99Tem) . ~de5000, CE=SiA
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LAROR FRODUCTIVITY GROWTH RATE (UNITS=ANNUAL RATE)

TABLE 7.4.

141

(2=NOPT(2)

AND YASE GNP {UNITS=MILLIONS (975 US DOLLARS)

LABOR BASE

PRODUCTIVITY GNP
017 1349890,
.017 18178860,
017 S06400,
.017 965400,
029 IZT600.
029 138410,
. 029 154670,
. 029 3135420,
029 233620.

usa
WEURLCAN
JanNT
EUSSR
ASENF
MIDEAST
RFR

LA
SEASIA

REF INERY COEFFICIENTS (GIJ AND HIJ)
“GIJ™ IS A CONVERSIGN EFFICIENCY, THE RATIO OF JOWRES OF PRIMARY
ENERGY IN TO JIRXES OF ENERGY FRODUCT OUT (EXCLUSIVE OF FUELS

USED AS ENERGY BY THE REFINERY).

IT 1S APFROXIMATED AS 1.

INPUT VARIARLES (Continued)

~HIJ" IS A MARF-UP COST, ACCOUNTING FOR COST OF REFINING AND

DISTRIBUTING ENERGY PRODUCTS.

alL

81J
1.0000

H1J
1.42350

GAS

61J
1.0000

HIJ
- 3487

COAL

GlJ

1. 0000

HIJ

» 2600

ELECTRICITY GENERATION COEFFICIENTS (GUI, HUIL, AND RUL}
“BUI= 1S A GENERATION EFFICIENCY COEFFICIENT — THE RATID OF JOULES

OF ENERGY IN TO JOUWLES OF ELECTRICITY QUT.

NUCLEAR, HYDRD, AND SOLAR.
"HUIL® REFLECTS NONENERGY CUOSTS IN 1973 DOLLARS FER GJ.
"RUI™ IS A LOGIT SUBSTITUTION PARAMETER GOVERNING THE RESFONSE OF

UTILITIES TO FRICE INCREASES FOR A GIVEN TECHNDLOGY -~ HYDRD ENTERS

AS A FIXED AMOUNT.

o1,
3. 45590
4.33350
4.35330
4.333%0
4.35330
4,5370
4.3350
4.35330
4,3330
4.5330

~3. 0000

BAS
1. 6580
4.30%52
4. 5052
4.350352
4,5052
4.3032
4,5952
4.3032
4.5052
4.3032

-3.0000

FUEL

COAL
3.3550
6.B64&0
&. 8660
&. 9600
I. 8630
3.84350
3.8630
5.8630
S.B&20
5. 8630

-3. 0000

NUCLERR
1.0970
1. 7000
1. 7000
1, 7000
L. 7000
1.7000
1. 7000
1. 7000
1. 7000
1. 7000
-3. 0000

SOLAR

- 1.0970

1. 7000
1. 7000
1. 7000
1.7000
1.7000
1.7000
L. 7000

1. TG

1.7000
=3. 0000

PAUIL —— ELECTRICITY GENERATION CREFFICIENTS

(PAUIL IS A MULTIFLICATIVE FACTOR WHICH ADJUSTS THE REFINED
FOSSILE FUEL FRICE TO ACCOUNT FOR DIFFERENT FUEL TYFE (E.G.

RESIDUAL. US GASOLINE} AND DISTRIBUTION COSTS.!

LIOUID
« 4850
7L
+ 32473
. ADOY
. 4000

L. 059%
. 4183
4013
« &03%

FUEL

GRS SOLID

7E30 1.0000
6193 L8297
LTS 1. QOa0
1. 000y 1. 0000
1.0000 1. 0300
1. 0000 1. 00n0
1.0000 1. 000K
1. OCWM 1. 0N
1.Q000 1.0000

REGION
us
WEUR+CAN
GECD PAC
EUSSR
ACEWF
MIDEAST
AFRICA

L AMER
S&E AaSiA

{161)

HYDRO
1.0970
1. 7000
1. 700
| . iy
1. 7000
1.7000
1. 70040

L 1.7000

1. 7010
1.7000

BY DEFINITION, GULl=1 FOR

PARAMETER

Gl
HUIL L=}
HUIL L=Z
HUIL L=T
HUIL L=4
HIL =3
HJTL L»s
HJIL L=7
HUIL L=8
HJIL L=9

RUI



TABLE 7.4. INPUT VARIABLES {(Continued)

( 2=NQPT(2)
1975
oI GAS coaL NUCLERK sSOLAR REGLON
LS 0274 . aQ0N Q%48 LOUST Us
. 1680Q RV ) 20 20392 172 WENRSLAN
. 1937 « 2000 . 0458 . 82 .88 NFCD PAC
L1157 L0565 L2000 000 LA EUINSR
L1347 074 » 2000 o« CWHIO L0 ACEME
- =300 . 0308 » QOO0 . UHHO L SO0 MIDEAST
. 1851 0128 . 20O L 0000 L1009 AFRICA
. 2000 L4573 L0319 o I 2Mal L AMER
. 1158 G0 7 » 2000 . Q39 Q034 SHE ASIA
BSUILHs YEAR 2000
gIL GAS COAL MUCLEAR SOLAR REGION
0181 .0288 » 2000 L Q702 L0451 US
L1407 .0542 « 0O L0715 .M458 MWEUR+CAN
« 2000 L Dh&T .1178 0433 . G347  DECD FAC
+ 20030 . 135% . 2000 JOXT3 . Q370 EUSSR
. 1344 . 00BZ . 200 .01&) ~QN&62  ALCENP
« 2000 L 102 0200 . 0045 L0045 MIDEAST
- 2000 0276 + 2000 .148 .0134 AFRICA
. 2000 1174 L0951 . 0428 Q376 L AMER
« 1600 0118 . 200G . 0291 .0280 S&E ASIA
BSUILM: YEAR 2025
orL GAS CoAL NUCLEAR SOLAR REGION
L0850 L1374 .3 . 1754 L2000 Us
. 2Q00 . 2000 - 2000 « 2000 + =000 WEUR+CAN
» 2000 L2000 . 200 o <O . 2000 DECD PaC
2 2000 L 2000 . 200D [l E ) .20 EUSSR
2000 L1000 - COQO o 2D - 0I53Z  RALCENF
L] o] - <000 - 1000 [aceln s} L2000 MIDEAST
s L) AT i Canl . DR L2000 AFRICA
. 2000 2 QR0 - 2000 - Z00H) SO0 L AMER
« 2000 . » 2000 o 2000 » Q00 . o000 SLE ASLA
BSUILM: YEAR 2050
oIL GAS CoAaL NUCLERAR S0LAR REGION
. 1273 e lHH) o SO s oOHK) .20 Us
L 200 e alals] el ) . ZCHMD <2000 WEUR<CAN
PFingh b . 200 + OO « 2O . a0 QECD PAC
. a0 20 - 2000 . 20K . 2000 EUSSR
. ZOHN) 2 20040 . 2000 - MM .« 20 ACEMNF
. DU - 2000 - A0 - 2000 -afn) HMIDEAST
Minle sl « 2000 o @MW) .20} AFFR
- 2 (RO ] [l ) 20 . S0 I AMER
- 200 «aB00 « 00 - 20U0 =M SLE ASIA
PEUILM: YEAR ZOTS
oIL GAS CoaL HUCLEAR SOLAR REGION
~Ll27S . 2000 2000 o RN L2 Us
. 20 . ey 200 . a0 Lm0y WEUR+CAN
L 200 . 2000 P ls] . SE smi OECD FaC
iy o] L2000 Ppais 3o} .o L D0 EUSSR
- 2000 i 1 s O R L IO o 200 ACEINF
PRt o) Bvae] - MO0 L ZOCH L2ur) MICEAST
. 2200 Padacalh] - a0 o SO0 . Tewny AFR
alils ) 20N - 2000 L 2000 LZowvy L AMEDR
. R 000 . 2000 . mOO0 . 200 L2000 SLE AS(A
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TABLE 7.4. INPUT VARIABLES (Continued)
(2=NOPT(2)
BSUILM:  YEAR 2100
DIL GAS COAL NUCLEAR SOLAR REGION
L1275 L2010 . 2000 . 2000 L2000 US
200 . 2000 . 2000 L2000 L2000 WEURSCAN
« 2000 . 2000 . 2000 .2 L2000  QECD FAC
L2000 . 2000 . 2000 . 2000 L2000 EUSSR
. 2000 L2000 . 2000 L2000 L2000 ACENF
. 2000 . 2000 . 1000 . 2000 2000 MIDEAST
. 2000 . 2000 2000 « 2000 .TON0  AFR
. 2000 - 2000 . 2000 .2000 L2000 L AMER
« 2000 . 2000 . 2000 . 2000 .2000 SLE ASIA
VL --RATE OF END-USE ENERGY EFFICIENCY IMFROVEMENT BY SECTOR
AND REGION
UNTTS=NONE
DECD REGIONS
RES/COM  INDUSTRY TRANSPORT REGIDN
.0100 .0100 L0J00 lsUSA
L0100 .0100 L0100 2=WEUR+CAN
0100 - Q2100 .0100 3I=0ECD PAC
NON-OECD REGIONS
ALl SECTORS REGION
L0100  4=EUSSR
L0100  S=ACENF
.0100  &wMIDEAST
L0100  7=AFRICA
.0100  B=L AMER
L0100  9=5L4E ASIA
RIGISL~-RESDURCES BY GRADE AND REGIDN
(UNI TS*EXAJDULES)
GRADE: 1G=1
L ]
CONV QIL CONV GAS  CDAL UNCDN GIL  NUCLEAR REGION
77. 870, 7964, 4671, 109, 1=USA
100, 434, 2459, 2147, 200, 2*WEUR+CAN
3. 70. 1891. 15&4. 7.  T=OECD PAC
190, 1324. 13526, 429a, oA7.  4=gUSSR
s2. 178. 4034, 2147. 12B. SeACEIP
400, 1034, Z. 537, - &=M]DERST
180. 344, 607. 4Ll 44z, 7=&FRICA
139, Tab. 121. X203, 10510, =L, AMER
9. 160, Tas, 1610. 21. 9=SLE ASIA
GRADE: 1G=2
CONV OIL CONV GAS  COAL UNCON OIL NUCLEAR  REGION
1. =27 9783, 9171, 84,  1wUSA
90, 179. To1s, 4180. 1068,  T=WELR+CAN
9. 9. oTi8. r057. 518. ==0FCD FAC
s50. 547, 16557, 8397, 1a26.  A=EUSSK
151 73. 4970, 4197, 82,  S=aCENF
1m0, ATS. 2 1049, 1=.  &=MIDEAST
ATh. 143, 747, -t T3%6.  7=AFRICA
38a. 151, 148. 6266, s=B@. B=L AHER
70. b6. 447, 3146, 112, °=SiE ASlA

F1A2Y
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TABLE 7.4, INPUT VARIABLES {Continued)
(2=NOPT(2)
GRADE ¢ 1G=3
COMY DIL  COoNY GRS CoAaL UNCON OIL  MUCLEAR REGION
441, %10, 15874, 801773, OO0, P=USH
S577. 0. 4284, LTl T- 0 100000, WEUR+CAN
17. 33. 3294, 29591, 00000, T=DECD PAC
1093, 107, 23578. 8708, 1OO0N0, 3=EUSSR
67, 175, TJOs2. ADTS4, 100000, S=ACENF
880, 802. T. 10084, | DRI s 3 &aMIDEAST
771. 2635, iQS8. 120507, 100000, 7=AFRICA
479, 279, 211, U252, 10000, 8= AMER
123 121. 635, 30264, 100000, F=SLE ASIA
GRADE : IG=4
CoNy OIL CONV BAS CoAL LUNCON OIL NUCLEAR REGIDON
7. =1 1901 2. 263516, 1000, 1=USa
488, 377. 5871, 120797, 10000, SaWEUR+CAN
14. &l. 43135, 88173, 100000, 3=0ECD PAC
975, 1130, ITo11. ZAZITI. 100000, 4=EUSSR
204, 185, 24678, 121062, 10GG00 ., S=ACENF
35650, 16, 4. J0264. 100000, 6cMIDELST
o3, 01, 1430, 3651310, 100¢000. 7maFRIC#H
wo0, 318. <BY. 180755, 10000, B=_ AMER
94, 139, ar:. 90797, 100000, 9=SLE ASIA
GRADE: 16=5
cany OIL {TONV GAS CoAL UNCON OIL HNUCLEAR REGION
292. Q. 19012, 0. Q. 1=J5A
382. o, 5871, Q. Q. 2=WEUR +CAN
11. 0. 4515, Q. Q. Z=0ECD PAC
7o o. 32511, 0. 0. 4=EUSSR
54. [\ B 946708, 0. 0, S=ACENF
1460, n. 4, o, 0, &=MICEAST
1444, 0. 1450, 0. . 7=AFRICA
391, 0. 28%. o, Q. Sal. AMER
371, G. B71. o. Q. 9=SLE ASIA
CIGIS~~MINIMUM EXTRACTION COSTS RY GRADE AND FLIEL

CONV QIL  CTOMY
.16
.82
.80
3.10
7-10

12.30

FINAL CDST 1S THE MAXIMUM EXTRACTIDN COST AT
RESOURCE EXHAUSTTION
(UNITS=t975 DOLLARS/GIGAJOULE)

GAS
T
1.350
2.50
3. 60
15.00
16.00

CoAL
.20
. 40
.BO
L.&60
70

+ %0

UNCON OIL
.80

7. &id
12.80
235,69
n1.00
SZ.a

NUCLEAR
65,85
135. 20
o1.80
L
D
4,00

GRALE
1G=1
16=2
[G=T
iG=4
IG-S -

FINAL

VIS, ~=EMVIRONMENTAL COST AMOUNTS &Y REGION AND FUEL
(UNITS=197% DOLLARS/GIGAJOULE!

CoNY QIL  COMV
. 00
.00
L
20
LA
Nl
.00
.00
.00

GRS
.00
.G
LM
RV
Ml
Q0
- 00
.U
. (D

CoaL
1.460
1,69
1.60

8O
.80
- 80
. 80
.80
. BG

UNCON 071,
1.70

1. 306

1.2

.30

)

.90

.70

LGS0

M LB

(164)

HUTZLEAR
1o, OO
10, O
LG, 00
10, 4
R
10, 0
10,
[T
(X

M)
[RTh )

REGICH
1=USa
SRR+ CAN
T=QECT FAC
4=zEUSER
TanTENF
&M DEAST
T=AQFF 1T
B=L AMER
S=8LE AZlA
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TABLE 7.4. INPUT VARIABLES (Continued)
( 2=NOPT(2)

FlL-=thitL LI nSEECIIr A0 tanblor, LWHEUNITLD CRIVIOUS T
(BY SUPFLY TYMPE AND REGION

CoNv DIL TONV GAS COAL UNCON QL REGION
1.00 1.00 1.00 [P 1 =S
1.00 1.00 1.00 1.00 T=WEUR+CAN
1.00 1.00 1.00 1.00 3=0ECL PAC
1.00 1.00 1.00 1.00 4=EUSSR
1.00 1.00 1.00 1.00 S=ACENP
1.00 1.00 1.00 1.00 brMI1DEAST
1.00 1.00 1.00 1.00 7=AFRICA
1.00 1.00 1.00 1.00 B=L AMER
1.00 1.00 1.00 1.00 9=S%E ASIA

STI1SL--RATE OF TECHNOLOGICAL CHANGE BY SUPPLY TYPE

AND REGION
Conv OIL CDMVY BAS CoAL UNCON OIL NUCLEAR REGION
» 00350 0030 . 0050 00350 . 00%0 1=USA
. 00350 « 0050 « QOS0 + 0050 0050 <=WEUR+CAN
» 0030 « 0030 . 00350 QOS50 . 0030 Z=0ECD FRAC
. 0030 - 00350 - Q050 « 00S0 LOOS0 4=EUSSR
- Q050 0030 . 0050 « D030 « OS50 S=ACENP
. 0050 » 0050 « 00T « TO « 0050 4=MIDEAST
- D050 « Q050 - 0050 0030 » DOSN 7=AFRICA
. 0050 - 0050 . 0050 + QOS50 . 0050 B=L AMEFK
. 050 - 0030 « 0030 « 0030 . 0050 9=SLE ASIA

BESIL—MINIMUM LEVEL OF SHDRT—-TEI'\LH SUFFLY BY TYFE

AND REGION

conv DIL  CONV GAS coAL UNCON OIL NUCLEAR REGION
.03 .03 .03 .03 L03 t=UShA
.03 .03 .03 0T + 03 <=WEUR+CAN
.03 .03 .02 .07 QT T=0ECD FAC
.03 .03 OF 24 .02 AxESSR
.03 .07 .03 03 .03 S=ACENF
+03 - 03 .05 03 - 035 &=MIDEAST
.07 « Q3 «03 +03 03 7=AFRICA
.03 03 03 .03 L0 B=L AMER
.03 .03 .03 W03 .03 9=S4E ASIA

ESFIL—~INITIAL ESTIMATE OF ENERGY SUFFLY
BY FUEL, REGION, AND FERIOD

(UNITS=EXAJOULES/YR)
YEAR®1975
CONV OIL CONv GAS COAL UNCON OIL NUCLEAR REGION
20,410 Q. 7300 17.1809 « OO0 LHo0) 1=UuSA
&, 7700 8. 9800 . 000 P - SR orWEUR+Can
. 600 «ZT100 =. 6700 R R L] T=0ECD F&C
2. 7700 11.9100 TS5.T700 » K0T 4=EUSSR
3.3500 . 1 400 15.0000 » (HHMd S=ACENF
42,3500 1. 2100 SOT00 « OO0 S=HIDEAST
10,3900 . X900 =. 18 - QD 7=AFRICA
?.9200 1,350 30 + Q000 B=L AMEF
3. 7900 . 75300 2.4800 » D) Qa8%E ASIA

(165)
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TABLE 7.4. INPUT VARIABLES (Continued)
(2=NOPT(2)

Grs FLARING
"FLRL1™ IS THE FLARING RATE IN 19705, “FIAI 2" IS HIF L TIMATE
FLARING RATE, AND "FLEL3" [S THE NUMUER (IF afed'3 10 REACH "FLELD, ®
THE MODEL EXFONEMTIALLY INTERFOLATES PETWEFN THE RNATES.

FLRLL FLRLZ FLRL3 REGIGN
- D050 MER{ L] 10,0000 US
« Q700 - 0300 10,0000 WEURCAN
+ 050 -0100 10,0000 JANZ
0490 - 0500 10.0000 EUSSR
« 1070 - QSO0 10,000t  ACENF
. 7270 + Q500 S0.0000 MIDEAST
. 7340 » D500 T0. 0000  AFR
. 3230 . 0500 28.0000 LA
. 3450 » OS00 15.0000 GSEASIA

RENEWABLE RESOURCE CONSTRAINED TECHNOLOGIES
PARAMETERS INCLUDE LOGISTICS FUNCTION FARAMETERS, GOST, AND SHARE
DATA. “HYDROIL™ ORIENTS THE FRODUCTION FATH IN TIME: "H¢YDROIL-
DETERMINES ITS SHAPE; "HYDROIL" IS THE RESCURCE AMULNT IH EJ;
"HYDRO4L™ 1S5 PRODUCTION PRICE IN 1975 DOLLARS PER GJ: AND
"HYDROSL™ IS THE ELECTRICITY SHARE DF MYDRO.

HYDROI1L HYDROZL HYDROSL HYDRO4L HYDROSL REGIDN

4204 - 0451 1.8300 4, 0300 . 1530 Us

. 5Bb1 . Q720 3.83100 4, 0705 .3427  WELR+CAN

0816 . 0688 7700 4,070 L2100 JANZ
=1.,997% 0931 4.,9700 4,200 . 1139 EUSER
=-3. 2069 . 000 Z. 7600 4. Q0F00 - 467  ACENF
~3.4418 - 1549 L4100 4,0T00 949 MIDEAST
~T.9701 . 0997 7.3100 4.0200 .<cB72 AFR
-2.5278 L0970 &. 4830 4. 0300 .5424 LA
-2.7723 - 1004 4. 1700 4.035300 2697 SEAS1A

SCLAR COSTS: CSLT(L,1) = PRODUCTION COST IN 197%
’ CSLT(L,2) = FINAL PRODUCTION COSIS
CSLTW.,3) = YEARS TO REACH FINAL PRODUCTIOH COSTS

CsLTY csLT: CsLTS REGION
200, 6006 14. 8500 30,0000 US

402, 4000 14,8500  Z0.0000  WEURCAN
281. 6000 14.850) 30,0000 QECD PAC
402.3000  14.8%00 S0.0000  EUSSR
IZL. A0 14.8%00 50,0000 ACENF
IZB. 6000 14,BT00 S0.00060 MIDEAST
144.0000 14.8%500 S0.0000 AFR
IT1.8000 14,8500 50,0000 LA
200.6000 14,8500 %0.000C SEASIA

SYNFUEL PARAMETEFRS
(FPARAHETERS IMCLUDE A CONVERSION EFFICIENCY (GU1), A0D ON
COSTS (HCILT) AND AN ELASTICITY CONTROL PRRAMETER (RCID,
HOILT1 IS THE INITIAL VALUE, HCILTZ THE FINAL VALUE,
AND HCILT3I FHE NUMBER OF YEARS TO REACH THE FINAL VALUE.
THE MODEL EXFONENTIALLY INTERFOLATES FOR INTERMEDIATE

YEARS)
SYNCRUDE SYHNEAS

HCILTL HCOILT2 HCILTS HCILT) HOILTZ HCILT3 REGIOMH
100, 00 4.33 25.00 100, 00 3.20 2T.00 us
100, 00 4,35 T e ] 100, 00 T, 0 25,00 WELHR +C AN
| SL O 4.55 3.0 100, w0 .70 5. DECD FAHD
1040, (WD 4.55 =500 100, 0 T30 5,00 ELZER
FO0 . w0 4.55 000 300, 00 3.30 TAL ACEMF
100, 00 4.353 1060, 00 1040. 60 Pl L0, Qe MIDEAST
12.%2 4.%% - L V] L0 00y .20 25,00 AFRICH

| it 4,3% 5. 00 100, 00 3.7 2500 L AMER
100, OO0 4,55 SO, 00 100,00 3,20 S0, 00 SLE AS1a

SYNCFUDE BLI = | SYMENS GC] =« 1.2

SYNCRUDE RCI = =y, OO SYNGAS RCI = L
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TABLE 7.4. INPUT VARIABLES (Continued)
(2=NOPT(2)

ENERGY SERVICE INFUT-QUTFUT COEFF ICIENTS

TARLE 1.
EMERGY TRANSTRMATTON BY SCCTNR
GJY., G}
aIL GAS coab ELECTRIC SECTOR VARIABLE
1,670 1.5400 2.3000 . B&00 RES/CDM GJIr. Jal N F=l
1.9200 1. 9000 . 0000 1., 0500 INDUSTRY GJH.,J=1 ,N] ra2
3. 0000 3.0000 3.2300 1.0500 TRANSFORT GIK,J=1,H} ¥=23
2.0000 1. 7000 2.0%00 « 9500 ABGREGATE GJ, J=1,NJ
TABLE Z.
NOM-ENERGY [-0 COEFFICIENTS gy SECTOR
(¥, HD)
OIu BAS coat ELECTRIC SECTOR VARIABLE
4.9800 3. 2400 2.8700 JI. 4100 RES/COM HIK,J=1 N3 K=l
<4100 « 3200 . BOOO f.1400 INDUSTRY HJK,J=1,NJ K=g
98.8800 200.0000 200.0000 153.1700 TRANSFORT HJK,J=1 .NJ K=3
<. 1000 2.0300 1. 1800 1., 1500 AGGREGATE HI, J=1,NJ

BASE ENERGY SERVICE CONSUMPT IDN WEIGHTS
py FUEL BY SECTOR BY RESTON -
SJKLP (UNITS=UND IMENT IONED? AND BSKL (UNITS=EXAJDULES)

oL GAS coAL ELECTRIC  BSKL SECTOR REGSON
. 1850 . 6870 L0110 _z790  15.2377 RES/COM UsSA
L0910 .3450 L1290 . 1450 9.7881 INDUSTRY USA
1. 3690 . OO0 » OO0 L0010 &.5411 TRANSFORT USA
. I590 I T . 1170 L3720 .11.1476 RES/COH WEVR +CAN
2600 L0650 L1310 L2120 9.4047 INDUSTRY  WEIR+CAN
1.9620 . D000 L0030 L2890 5.2974 TRANSFORT  WEUR+CAN
. 8430 . 0880 . 2070 . 4620 =.0876 RES/CON QECD FAC
. 2240 L0320 L2870 o820 3.9391 INDUSTRY CELD PAC
2.46720 . 0000 L0010 . 0500 ,8941 TRANSFORY OECD FAC
L2730 . 1940 L3360 L1970 o6.78TT AGGREGATE USSR
. 1560 . ONS0 . 7640 L0740 @.1710¢ AGGREGATE CHINA
. 6870 L2120 . 0090 LO9TD 1.8157 AGBREGATE MIDERAST
L4370 . (O90 . TA0D L2140 Z.7874 AGGREGATE «&FRICA
. &T50 . 1480 . 0440 L7440 %.0414 ABGREGATE L AMER
. 5160 . 0680 .1720 . 2440 4.72498 AGGREGATE S%E ASIA
BSJKLM —— LOGIT FUNCTION SCALE PARAMETERS

{UNITS BSJHLA=UNDIHENSIONED)
YEAR = 1973

oiL GRS CoaL ELECTRIC SECTOR REGTON

. 3585 . 0348 . 0008 . 5838 RES/COM usn

. 1871 L0124 . G047 L7958 INDUSTRY USA

+ 7030 L OO0 L0044 . 2946 TRANSFORT USA

. 5492 o814 0118 L3577 RES/COM WEUR+CAM
.2184 .0871 L0122 . 3865 INDUSTRY WEUR+CAN
~UTTA » OO LS008 L4256 TRANSFORT WEUR+CAN
L4573 0622 -1 . A787 RES/CON QECD FALC
. 1948 Q420 L9t 7541 INDUSTRY OECD PAC
Rl Ll » D000 .577% Fech J TRANSFIIRT OECD FAC
YA L0280 L0350 . 4486 ABGREGATE USSR
.5764 .0ot8 . 1483 2733 AGGREGATE CHINA
L6032 L4510 L0025 . 3a92 AGGREGATE MIDEAST

R y-Yai L0004 L0217 LI113 AGGREGATE AFKICA
7910 0186 . 00354 . 18350 AGGREGATE L AMER

. 3508 .ongae L O2bu 4147 AGGREGATE S%E ASIA
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gL

- 1L
1871
L7020
«S5a92
+2184
IT36
. 4532
. 1948
. 0279
ATPD
L3200
. &0TT
LHTUO
A00E
- 6500

()18

fpel-1d ]
1871
~TNTO
. 5497
3184
0738
. 4513
. 1948
0299
L R795
5784
- &0E2
- 38nD
PY-DLED S
. 4500

(4348

« Z&THD
.1871
L7000
. 3492
.21B4a
L7 Th
<453
. 1948
TP
REYE
4323
- &OT2
. 48U
« &MY
« 300

TABLE 7.4,

INPUT VARIABLES (Continued)

(2=NOPT(2)

OSJiLH ~~ LUGIT FUNCTION SCALE FARAMETERS
(LRHTS BSJIF LM=I ND TMENS TONED)

GAS

+ US40
0207
- GO0
.0814
-0831
+ 0G00
OS2
. 0420
» 0000
0790
+O200
04351
- 0287
0423
»0187

YEAR =
AL

L ouug
D047
. 004

L0118
L0122
- 5008
. OOS8
L0091

5779

LQ339
. 1039
OS5
LQZ13
. 0054
L0260

Toou

ELECTRIC
. 5858
. 7958
L2966
. 3377
. 5863
L 1)
. 4787
. 7341
. 3922
4484
L2753
- 3472
. =B0OD
22117
- Q00

SFCTOR
RES/CUH
INDUSTRY
TRANSFORT
RES/COM
INDUSTRY
TRANSFORT
RES/COM
INDUSTRY
TRANSFORT
AGGREGATE
AGGBREGATE
AGGREGATE
AGGREGATE
AGGREGATE
AGGREGATE

REG N
LA
USA
usa
WEUR>CAN
WELH+CAN
WEUR+CAN
DECD FNC
OECD FAC
OECD FAC
USSR
CHINA
MIDEAST
AFRICA
L AMER
S%E ASIa

BSIKLM - LOGIT FUNCTION SCALE FARAMETERS
(UNITS BSJIKLM=UNDIMENSIOMNEDR)
YERR = 2013

Gas

03548
Q207
- OO0
0814
-0B831
L OO0
LDEZ2
~0420
- N0
L1125
L0400
UL}
. 0487
LOAZS
bt

BSJIKLKM =~ LDGIT FUNCTION SCALE PARAMETERS

COAL

. 0008
. 00a7
[ el ]
0118
L0122
. 5008
. 0058
LO0T1
3779
0199
o T
- WOZS
L
s
<0260

ELECTRIC
.38%58
- 7958
B 1.1
3577
.9B&3
454
. 4787
L7541
LIF22
4486
.2753
L3492
- 3400
.<2B3

+ 4500

SECTOR

RES/COM

INDUSTRY
TRANSFORT
RES/COM

INDUSTRY
TRANSFORT
RES /CON

INDUSTRY
TRANSFORT
AGGNEGATE
AGGREGATE
AGBREGATE
AGGREGATE
AGGREGATE
AGEREGATE

(UMTTS BSJIFLM=UNDIMENS IONED}
YEOR = LOT0

GAS

(548
N207
OO0
.0B1 4
.08%1
OO0
- S
20
o MO
. 1425
NI
L0431
.0787
L0477
L0374

COAL.
. 0008
L 08y
. 0004
L0118
o) Bird
- 3008
. 00Z8
-0
JETTS
.0138
LOXAT
U025
S
00T4
L0280

ELECTRIC
. ZBIE
L7958
a4
. 2577
-
LATTH
L4787
L7541

- -
PR Py

. 4486
.n753
. 3492
. &0OEN
- 2a350

PR IO R
-

SECTOR
RES/COM
INDUSTRY
TRANSFORT
RES/COM
INDUSTRY
TRANSFORT
RES/CDOH
INDUSTRY
TRANSFORT
AGGREGATE
AGGREGATE
AGGFEGATE
AGGREGATE
AGGREGATE
AGGREGATE

(168)

REGION
usa

usa

USA
WEUR+CAN
WEUR+CAN
WEUR+CAN
DECH PAC
DECD PAC
OECD PRC
USSR
CHINA
MIDEAST
AFRICA

L AMER
SkE ASIA

REGION
usa

usa

usa
WEUR*CAN
WEUR+CiN
WEUR «CAN
DECD FAC
OECD FAC
OECD FAC
USSR
CHINA
HIDEAST
AFRICA

L. AMER
S%E AS!lA



TABLE 7.4.

149

INPUT VARIABLES {Continued)
(2=NOPT(2)

ESJRLM == LOGIT FUNCTION SCM E FARMMFTERS
(UNITS BSJKLM=UNDIMENSIONED)
YEAR = 2075

REGION
usa

usa

UsAa
WEUR+CAN
WEUR+CAN
WEUR+CAN
DECD PAC
QECD FAC
GECD PAC
USSR
CHINA
MIDEAST
AFRICA

L AMER
SYE ASIA

REGION
UsA

usa

usAa
WELUR+CAN
WELR+CAN
WEUR+CAN
OECD FAC
DECD FAC
QECD FaAC
USSR
CHINA
MIDEAST
AFRICA

L AMER
SKE ASIA

SECTOR
RES/COM

INDUSTRY
TRAHSF-ORT

ABGREGATE

SECTOR

RES/CDM
INDUSTRY
TRANSFORT

oIL GAS COAL ELECTRIC SECTOR
2600 . 0548 L0008 . 5858 RES/COM
.1871 . 0207 0047 . 7958 INDUSTRY
. 7030 - 0000 « 0004 2P hb TRANSFORT
. 3492 . 0814 .0118 L3377 RES/COM
.3184 . 0831 MY Pro 38673 INDUSTRY
0736 . 0000 . 5008 4206 TRANSFORT
« 4333 <0822 . 0058 4787 RES/COM
. 1948 . 0420 ~091 7541 INDUSTRY
Q299 . 0000 5779 3922 TRANSFORT
4795 - 1425 0138 4484 AGGREGATE
4323 » 0800 .0347 .2733 AGGREGATE
8032 0454 . 0025 . 3492 AGGREGATE
. 4800 .0787 0213 . 4000 AGGREGATE
- 46001 . 042 « 0054 + 246350 AGGREGATE
+ 3900 0374 . 0260 + 4600 AGBREGATE
BSJKLM -— LDGIT FUNCTION SCALE PARAMETERS
{UNITS BSJKLM=LUNDIMENS IONED)
YEAR = 2100
oIL GAS CDAL ELECTRIC SECTOR
. 2600 . 0548 D008 . 5858 RES/COM
1871 . 0207 0047 + 7938 INDUSTRY
. 7030 - 0000 . 0004 298684 |, TRANSFORT
B-LL 0814 .Q118 . 3377 RES/COM
184 .08 L0132 -SB63 INDUSTRY
0736 + 0O00 5008 4256 TRANSPORT
4533 0622 . 00uB . 4787 RES/COM
. 1948 . 0420 LON91 - 7341 INDUSTRY
0299 - 0000 3779 R g TRANSFORT
4795 « 1423 .0128 - 4486 AGGREGATE
. 4T3 - 0800 L0347 <2753 AGGREGATE
+ 8032 . 0451 - 0023 . T492 AGGREGATE
+ 4800 .0787 0213 - A0 AGGREGATE
« &001 0423 - Q053 . 2450 AGGREGATE
« FP00 .0374 0260 « 48600 AGGREGATE
PRICE ELASTICITY CONTROL PARAMETYERS
AGG oIl BAS CoAL ELECTRIC
RPKK RPJV.
~. 7000 3. 0000 =3 . 0000 -5 0000 ~J. Q000
-. 7000 =3. 0000 =3, 0000 ~3.0000 “Tu QOGO
= 7000 ~13.0000 ~13.0000 =13.000G  ~135, 0000
RFK RPJ
=. 7000 =2.3000 =2. 5000 -2.5000 =4 TR
INCOME ELASTICITY CONTROL FARAMETERS
AGG aIL GAS conL ELECTRIC
RYKIC RYJkL
1.0000 =. 1000 « JOO00 = 200 S L)
1. 0000 « 0000 - 1000 = T000 . SO
1. 0000 » 0000 . DQOy » Q00U + QOO
RYJ
=. 1000 . 1000 =. 2000 + 1000 RYJ,J=i,

LY

4

REAFLJF =y
RFPEF, ,JK Vw2
RFE# (Jb kwT

RPF ,RFJ

RYH) . D) k=

RYI} b I'm2
RYth ,JK k=T

RYKLT~=INCOME ELASTICITY FOR THE EUSSR HL-41 AND OTHER LDC'S (L -4

INFUT 15 THE INITIAL VALUE IN 1973,

THE FROGRAM INTERPOLATES

QVER A 7% YEAR FERIOD TO A FINAL VALUE 0.8 TIMES THE ORIGINAL
FOR THE EUSS5R AND 0.71 TIMES THE ORIGINAL FOR OTHER LDC'S

1. 2500
1. 4000

ENSSRiL =4}
LOC 'S4}
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TABLE 7.4. INPUT VARIABLES {Continued)
( 2=NOPT(2)

RY L ~~ENERGY~GNFP FEEDRACK ELASTICITY, BY REGION

~,1500 i=USA

-, 1500 29WEUR+CAN

-, 1500 3=0ECD PAC

-, 1500 4=EUSSR

-, 7000 S=ACENP
.0%00 &=MIDEAST

-, 2000 7=AFRICA

-.2000 8=l AMER

-.2000 9wSAE ASlA

coi -~ CARBON RELEASE BY SOURCE
{IN TERAGRAMS OF CARBON PER EXAJOLRE}
gIL GAS COAL COAL LIO- coAL GAS~ SHALE oiL
BURNUP PURNUP BURNUP UIFACTION IFICATION PRODUCTION BIOMASS
19.70 13.80 23.90 18.90 26,90 27.90 . 00

PROPORTION OF FLARED GAS BURNED (SBURMLT T=l 15 INITIAL
(1975} SHARE, T=2 IS ULTIMATE SHARE, T=3 1S NUMBER OF YEARS
10 SBURNL2. PROPORTION OF BACKSTOP FUEL FROM CARBONATE ROCK
(SHALET, T=1,2,3) WAS IDENTICAL INTERPRETATION.
SHALEZ

SBURNLD SBURNLZ SBURNLI SHALE1L SHALES REGION
.13 7 13 1.00 .01 .99 70.00 us
A7 13 25.00 .01 .43 70.00 WEUR +CAN
1.00 .45 3%.00 01 .99 70,00 QECD FAC
1.00 .13 35.00 .01 .90 70.00 EUSSR
1.00 15 . 35.00 .01 - 70.0U NCENT
. 90 <13 33,00 .01 .23 70,00 MIDEAST
.90 =13 3%5.00 .01 .25 7¢.00 AFRLICA
.33 .13 25.00 .01 « 23 70.00 L AMER
.85 T .13 35.00 .03 ] 70,00 SLE ASIA
FEEDSTOCK USES OF FOSSIL FUELS (SFEDIL) == SHARE OF EACH
FOSSIL FUEL USED AS A FEEDSTOCK.
oI BAS COAL REGION
- 0450 . Q390 L0070 US
.0720 . 0290 0070 WEURTAN
. 0920 . 0290 .0070 OECD PAC
0910 . 0290 L0070 EUSSR
L0700 0290 .0070 ACENFP
. 1410 .02%0 .0070 NIBEASY
. 0300 - G290 .D070 AFRLICA
. 0680 .0290 ,0070 L AMER
. 0820 <0290 .ONTA  STE ATIA

AIOMASS COEFFICIENTS: THE SUFFLY FUNCTION FOR pIOMASS

INCLUDES WASTE AND “ENERGY FARHS™ AS SEPARATE TECHNOLDGIES.

THE CODED FUNCTIDNS ARE REFRESENTED BY LINEAR SEGHENTS.

THE JFARAMETERS ARE CRITICAL POINTS FOR THE FUNCTION AND
REGIONAL RESOURCES. BIOPSH ARE CRITICAL PRICE/SHARE
COMBINATIONS. BIOLM ARE MAYX (M4 RESDURCE AMOUNTS ~-— WASTE

15 OEFENDENT DN ECONOMIC ACTIViITY. THE WASTE TOTAL IS

BASED OM 1975 ECONOMIC ACTIVITY (PRICE--1973 2763, BUANTITY--E)}

WASTE (BIOFSM) ENERGY FARMS tpIOPSH)

PRICE SHARE PRICE SHARE

L1703 . 0000 OO0 . 0000 -
1. 6000 » 3000 2. 1000 . 0000
&, 6000 . 8000 2. 6000 . 2000
% . 6000 . BOOU 4, 6000 . BOOO
WASTE ENERGY FARRS
(tBLOLMY (piom REG I DN

%5.48 2.9 us

7.9% .00 WEUR+CAN

2.7 13.19 OECD PAL

8.73 28,43 EUSSR

7.04 .00 ACENFP

1.00 ) HIDEAST

3. 71 {75. 04 AFRICA

7.83 225,43 L AMER

10,40 .00 sAE ASIA

INCOME ELASTICITY DF BIOMASS SUPFLY

L5000  RYSHT

{170)
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TABLE 7.5. INTERMEDIATE OUTPUT FROM SUBROUTINES XXXX AND REVISE
(2=NOPT(3)

FENIUD D ITERATION |

ESIMET{1)= 156.4990 ESIM.T(Z)= S0,5757 ESIHRT{T)= 156, 1000
EDIMKT (1) = 153.8240 EDIMKTI(I)= 47,1622 EDIMET(S = 152,597

0IL PRICE= 2.4261 BAS PRICE= .8298 COAL PRICE= » SO0
PERIOD 2 ITERATION 2

ESIMET(l)=  154,4%590 ESIMIT(2)= 49,1670 ESIMET(TI=  157.5174
EDIHKT{1)= 154.4720 EDIMKT(Z)= 49,1801 EDIMET(Z)= 137.05476

D1L FRICE= 2.6761 BGAS FRICE= .B298 COAL FRICE= » HOFO
FERIOD 3 ITERATION 1

ESIMFT{t}=m 213,05%% ESIMKT(Z}= 11ZT.8450 ESIMIT(Ti= I27.1791
EDIMKT(1)= 207.3874 EDIMET(T)e (13,8350 EDIMKT(Zie 24,3894

DIL PRICE= 3.7565 GAS FRICE= 1.369% COnL. PRICE= - H997
PERIOD 3 ITERATION 2

ESIMET(1}= 208.0376 ESIMET(O)« (13,7986 ESIMIT(Z)= 204, 2BIB
ERIMRT {1}= 20B.2Z347 EDIMKT(2)= 11353.7981 EDIMKTI(IZ)= 224.3892

QI PRICE~ 3.7545 GAS FRICE= 1.3493 COAL FRICE= HT97
FERIOD 4 ITERATION 1

ESIMET(1>e  J6B,1113 ESIMAT(Z)= 158.0869 ESIMKT ()= 306.0754
EDIMKT(1)® T39,8249 EDIMrT(2)= 174,3554 EDIMKT(S)» 3J42.27357

OIL PRICE= 4.7092 GRS FRICE= 2.2830 COAL FRICE= .887&
PERIOD 4 ITERATION 2

ESIMKT (1=  264,2573 ESIMIT(D)= 170,46741 ESIM T(3)= T77.8770
EDIMKT(1)m 2564,4436 EDIMKT(Z)= 171,1327 EDIMET(3)= CJ39.2784

DIL PRIGE= 4,7Q0%6 GAS FRICEx Z.286&6 COAL FRICE= . BBBAa
FERIOD 4 ITERATION 3

ESIMFTil)= 244.5157 ESIMIT(T)> 171,.0579 ESIMET(S)= I359.1375
EDIMKT ()= 44,3157 EDIMETI(I)e  171.0%45 EDIMET(D)=  339.1%60

0OlL FRICE= 4.70%4 GAS FRICE= Z.2B&& COAL PRICE=~ . BB884
PERIOD 5 ITERATION 1

ESIM'TI1)m 414.4687 ESIMFT(I)=  176.4800 ESIMIT(T)a 474, 7184
EDIMKT ()= 242.3%70 EDIMET(Z)s |%4.7&652 EDIMET(S)= &71.5I0)

OIL PRICE= S.3INS1 BAS FRICE= ~.1468 COAL FRICE= LTS
FERIOD 3 ITERATION 2

ESIMET(1)= 2E0. 8196 ESIMLTIT)= [TE.0274 ESIMFT(T)=  To%.0812
EDIMKTill= 29%.%148 EDRIMKTIZ)= 1&T.&4867 EDIMET{I)=  AT9,4T07

0OIL PRICE= %.4941 GAS PRICE~= 3.1924 COAL FRICE= . 9858
FERIOD = ITERATION 3

ESIM T(1)= ZTB7.8771 ESIMFT(D)=  162.8867 ESIMI'TIT)= 430.8671
EDIM'T(i)= 291,733& EDIMET(Zi= 163.2914 EDIMIT(Z)= 4435,.4878

O1L FRICE= S.4129 BAS PRICE= :.ivaa COAL FRICE= L9947
FERIOD 5 ITERATION 4
ESIMI'T(1)» T91.44098 ESIMET(O)= 1674177 ESTANTITY= 447 _neg]

EDIMTIL)= 291.6979 ERIM.T(TH = l63.414% EDIFE'TiIr= 45,1877

OIL PRICE~ r.4a127 GNS FRICE= %_19~A ChHAL FKIFC= .9%9a7
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TABLE 7.6. INTERMEDIATE OUTPUT FROM SUBROUTINE ELAS

(2=NOPT(4)
THIL8EN) 2 MW Freicd teevsr e s
DEHMHsINL alk GAS LOAL SUFFLY
QL -, F307 L5918 L1947 alL 1.447%7
&
GAS 2T -, S549 P BT GAS -, 186
i
CORL s 740 0712 - Gohé coAL LR
a
FERIDD 5 GLORAL PRICE ELASTILITIES
DEMAND oIL GAS CoAL SUFFLY
oI =1, 1980 .1181 . 1984 QiL . B8T4
7
GAS .1Ba4 =. 7019 a 2220 GAS =. Q171
2
COAL -1718 . 1543 =, hald COAL -. 5298
9
PERIOD 4 GLDBAL PRICE ELASTICITIES
DEMAND DL GAS coAaL SUFPLY
alIu -~} . 3906 L3787 2194 ot 4. 2156
3
GAS . JO&2 - FELS iy L7 GAS -.0Za0
Fl
conL 1177 . 28646 -, L8&0 COAL ~-1.3256
1
FERIOD 8 GLOPAL FRICE ELASTICITIES
DERAND oIL BAS LOAL SUFFLY
Diu =1, 3807 - 1740 L2194 oI 4. 4063
3
BAS <1167 -, 930% . 24931 BAas “« . NZ74
8
DAL - 1EBY . 2830 - BFTR COoaL 1. 2Re9
7

(172)

= 0|
Z.2I1

- TR0

=, 100&
1.3235

~. 0097

=130
3.1719

- . 0h6E

0154
3.0094

=, 7ED

=, UMH

-, x19

.77

. B84

L7371

L 047



153

TABLE 7.6, INTERMEDIATE OUTPUT FROM SUBROUTINE
(2=NOPT(4)
FERIOD 5 GLOBPAL PRICE ELNSTICITIES
DEMAND QI GNS conL SUFFLY
oL =-1.5597 . 1478 a7l OrIL
3
GAS L0270 b P10 . 2B71 GEas
&
coAaL 0479 2157 -, 7303 coaL
7
FPERIOD 5 GLOBAL FRICE ELASTICITIES
DEMAND oIl GAS COAL SUPPLY
OIL -1,4872 . 14355 L2849 o1
i
GAS . 0%88 -1.2012 i GAS
1
CoAL . 0789 bl Yo - &7T04 ChAaL
&b
FERIOD 5 GLOBAL FRICE ELRSTICITIES
DEMAND aru GNS CoAL SUrPLY
oIL -1.4964 1484 2457 aly
S :
GAS e -1 ~1.207% .74 GAS
a
0 coaL L0798 « 2141 -, 7044 coal

(173

T TS07 =208
-, A970) 1.6153
-2.3274 -. 3703
LY
L]
4,177 -. 1704
-. 2870 1, F09
-1.7147 - ZAT0
4,083 -, 177
—. 23047 1.4%48
=1, 9607 -. 2798

ELAS (Continued)

e R L
-, (WIS,

1.97%6

1,442
. X354

4,757

081
o207

2.185
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TABLE 7.7. REGIONAL, ENERGY BALANCE TABLES FOR PERIOD M
{ 2=NOPT(5)

1975 EMERGY FRODUCTION AND USWGE RFFDRT

B4R d PR NI NG PO PRSI HGUNGRERONTDRGDES
REGIDN: USA

ENERGY SUFFLY TAELE
(UNITS=EXAJOULES (J#t0e=18))

oIL GRS SOLIDS NUCLEAR SOLAR HYDORD TOTAL
CONVENT IOHAL 2, 4] —-I‘?.SQ ) 17.18 1’?;;_’ " » O - "S,B;- ——;:':I;-
UNCONVENT I ONAL. 00 Q0 » GO NsA N/A N/A ko]
TOTAL PRIMARY 20.41 ".! 7.5%9 17.18 ﬁhﬂ;.—l—;" w"“.-(;_ __':'.-:-;;— "";;"';';'
SYNFUELS - 00 . 00 - 00 . 00 . Q0 .00 + O
TOTAL SUFPLY 20.41 19,359 ) 17.18 "-_2.15 .0;” .82 63.135

FRIMARY ENERGY DEMAND TABLE
(UNITS=EXAJOULES (J*10e«18B)}

oiL GAS SOLIDS NUCLEAR SOLAR H+DRO TOTAL
ELECTRIC FOWER 4. .04 3.89 11.08 . 1% - O N - ja Z4.98
RESIDEN-COMMERC 6.2 ?.48 e Q0 L 00 . 00 15.72
INDUSTRIAL 3.77 7.84 <. 48 » OO .00 - O 14.0°
TRANSFORT i1.82 .00 L 00 .00 + 00 00 11.89
TOTAL DEMAND X3.72 21.2 11.78 2.15 W O3 3.8% abh. 67

REFINABLE ENERGY DEMAND T&ABLE
(UNITS=EXAJOULES (Je10=s18))

oiL BAS SOLIDS NHUCLEAR S0LNR HyDRO TOTAL
ELECTRIC FOWER 4,04 3.8% 11.08 2.15 L .82 4.8
RESIDEN~COMMHERC &.02 9.48 .22 . 00 5 K . LM 15.72
INDLUISTRIAL, 3.77 7.84 2.48 . Q0 - 0 - O 14. 0%
TRANSFORT it.a89 .00 2 O 4 M) « 00 00 11.8%9
TOTAL DEMAND 23.72 21.21 13.78 2.13 . 00 S.82 bh. &7
TOYAL SUPPLY 20,4} 19.359 i7.18 =.13 . 00 .82 &7.10
HET IMPORTS 3,71 i1.62 =Z.40 o 130H S D0 . T.LD

SECONDARY ENERGY DEMAND TAERLE
(UNITS=EXAJOULES (JeslDee18))

LIQuibns GASES SOLIDS ELECTRIC TOTAL
RESIDEM-COMHERC 6,02 9.38 - 4,07 0.7
INDUSTRIAL 3.77 7.84 z.48 .5k 16.67
TRANSFORT 11.89 . WY L0 PRE 11.70
. Yrmmmmmmm mimmmmmm e mmmmmeo
TOTAL DEMAND =t.&8 17.32 w70 vLIT A, 92

(174)
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TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)
{ 2=NOPT(5)

19727 ENLIAGY ¢HRODULCHION AND Utiedid] 1010w

BHSBFCERSEBRRRR B RN IRBERSS ARSI DI BTARRGD
REGION: CANADA % EUR

ENERGY SUPFLY TABLE
(UNITS=EXAJOULES {(J#10++18))

aiL GAS S0LIDS MUCLEAR SOLAR HYDRO TOTAL
CONVENT IDNAL .. 77 8.3I5 ?.460 1.20 .00 7.24 J1.26
UNCONVENT TONAL .00 00 . 00 N/& N/A N7A MY
TOTAL PRINMARY 4.77 8.35 F.60 -‘“1.30 - Ny “"”;j;;' ‘“;;?E;“
SYNFUELS + 00 .00 .00 .00 « 00 .00 « 0
TOTAL SUPPLY 4.77 B.33 9.60 1.3;‘ .00 __‘;T;;_ “_;I?;;-

FRIMARY ENERGY DEMAND TARBLE
(UNITS=EXAJOULES (JelOs+18))

aIL GAS SOLIDS NUCLEAFR SOLNAR HYDRD TOoTAaL
ELECTRIC POWER 3. 64 - 5.2 1.0 L 00 7.24 17.75
RESIDEN-COMMERC S5.42 .57 -1 Q0 0 00 6,63
INDUSTRIAL 9,04 T4 2.13 L0 S0 By 11.92
TRANSPORT 3.09 e ] -0t L 00 00 00 3.1
TOTAL DEMAND 21.20 1.83 B.02 1.30 00 7.24 39.59

REFINAELE ENERGY DFEMAND TARLE
(UNITS#*EXAJOULES (JelOeelB))

oI GAS SOLIDS  NUCLEAR  SOLAR HYDRO TOTAL
ELECTRIC PDWER 3. 84 .52 5.24 1,30 OO 7.04 17.95
RESIDEN-COMMERC S, 42 .57 a4 . 00 L 00 L 6,07
INDUSTRIAL 9,04 74 .13 .00 00 LU 11.82
TRANSPORT 3.09 .o .01 .00 L0 L1 T.10
TATAL DEMAND 21.20 1.83 B.02 1.20 O 7.24 9,59
TOTAL SUFPLY 4.77 B.35 9. 60 1.30 ey + T8 31.26
NET IMFOKTS 14.43 -4.52 -1.38 . 00 .00 » O 8.33

SECONIITY ENERGY DEMAND TABLE
(UNITS=EXAJOULES (Jsl1GeejB})

LIQUIDS GASES SOLIDS ELECTRIC TOTAL
RESIDEN-COMMERC 5,42 .57 &4 1.75 8.77
INDUSTRIAL w.04 .74 .17 J.an 12.322
TRANSFORT T.0% . K KT R Z.18
TOTAL DEMAND 17.35 1.X1 .78 3.18 =4.87

(175)
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TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)
(2=NOPT(5)

L CNE Y CIAMNI L LOH D Bl Lt

0|&¢a|¢o|o¢¢bﬁ;ononnoaqn.o.oranoowcn|ro
REGIOM: QECD FACIFIC

ENERGT SUFFLY TABLE
(UNTTS=EXAJOULES (Ja10ee18))

DiL GAS sOoLIDS NUCLENR SOLAR HYDRO TRTNL

CONVENT IONAL
UNCONVENT 1ONAL

TOTAL PRIMARY

SYNFUELS

TOTAL SUPFLY

FRIMARY ENERGY DEMAND TABLE
(UNITSoEXARJOLRES (JeiOnel8))

atL BAS SOLIDS NUCLEAR soLAR Hy RO TOTAL
ELECTRIC POWER 5.2%¢ . Th 1.4% .42 . 00 1.%5 B8.97
RES I DEN-COMMERC 3.13 onl . 44 .00 .00 LMD 3.78
INDUSTRIAL 3.03 .11 2,09 L0 L0 L] 5.2%
TRANSFORT 2.350 . D0 .02 . Q0 . Oy .00 .51
TOTAL DEMAND 13.687 . &8 3.97 . A2 . 00 1.35 20. 49

REF INABLE ENERGY pEMAND TABLE
(UNTTS=EXAJOULES (J#108218)}

aiL GAS sOLIDS  MUCLEAK SOLAR HYDRO TOTAL
ELECTRIC POMWEF 5,27 .36 1.42 . A2 L0 1.55 8.97
RES I DEN-COMMERC 3.1 .21 .44 00 . ho L O 3.78
INDUSTRIAL 3.0 .1 2.09 N . 00 L0 T.2%
TRANSFORT <00 .02 NGO . 00 L Q0 .51
TOTAL DEMAND .68 3.97 .82 L0 .55 0. 49
TOTAL SUFPLY .96 .31 Y LA .00 1.55 5,90
NET (MPORTS 12.91 .27 1,30 L O .00 L 14,59

SECONDARY EMERGY DEMAND TABLE
(UN1TS=EXAJOULES (Jelue=iB)

LIouUiDs GNSES SOLIDS ELELTRIC TOTAL
RES)DEN-COMMERL ) ) .84 1.12 4,90
INDUSTRIAL .11 e 1.72 6,500
TRANSPORT 1 P v o1} 2.57
TOTAL DEMAND W L E .33 z.30 14.9%

(176)
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TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)
(2=NOPT(5)

1975 EHERGY CRODUOCTINN AND IISAE REFDRT

LI T Y TP Y Y T Y Y Y P Y R PP PR YY)
REGION: USSK/E. EUR.

ENERGY SUFFLY TAERLE
(UNITS=EXAJOUWES (J=10e»1B8))

oIL GNS SOL.IDS NUCLEAR SOLAR HYCRO TaOTAL
CONVENT IONAL, 22.77 11.33 25.77 2T o .00 ---;.Oé ) bZ.l;w
URICONVENT 10NAL .00 .00 .00 N/A N/R N/A el
TOTAL FRIMARY 22.77_ 11.33 -‘;;.77 e - . 00 2.06 '“;:.15
SYNFUELS 00 =00 «00 - « 0 00 - Q0 00
TATAL SUFFLY 22,77 11.;;— 25.;;- .27 » 00 2.06 --;2.15

PRIMARY ENERGY DEMAND TABLE
(UNITSEXAJOULES {(J#10#+iB))

oIL GAS SOL1DS NUCLERR SOLAR HYDRD TOTAL
ELECTRIC FOWER 4. 49 3.37 9.40 .23 « O Z.06 19.55
END-USE DEMAND 14,30 8.08 17.5T . D0 e - 00 T9.90
TAOTAL DEMAND 18.7% 11.45 26,93 .23 « 00 o T} 39.45

REFINAFLE EMERGY DEMAND TABLE
(UNITS=EXAJOUMES (J#+10U==i8))

oI Gng SOLIDS NUCLEAR SOLAR HYDRD TOTAL
ELECTRIC FOWER 4.;;, 3.37 9.‘0- W27 o) :.;;” 19.35
EMND-USE DEMAND 14,30 8.08 17.53 « Q0 00 » W) 39.90
TOTAL DEMANLD 18.79 11.45 246.93 .23 .00 a1} 59.45
TOTAL SUPFLY 22.77 11.33 25.77 T =00 ) &Z. 1%
NET IMFORTS -3.%8 .12 1.146 <00 ] .;;‘ _-:;:;g*

SECONDARY EMERGY DEMAMD TAGLE
(UNITES=EXAJOULES (Jeloes18))

LIQuIDS GASES SOLIDS ELECTRIC TOTAL
END-USE DEMAND 14.30 B.0B 17.355 5. 64 45.%4
TOTAL DERAND 14, 30 8.08 17.53 S.64 45,59

(177)
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TABLE 7.7. REGIONAL ENERGCY BALANCE TABLES FOR PERIOD M (Continued)
(2=NOPT(5)

1700 ENERGY FRODUCTIUN nND USHGD REFORT
Ly Yy Y T Y ¥ e

REGION: CHINAZET.AL.

ENERGY SUPFLY TABLE
(UNITS*=EXAJOULES (J#10#+18))

a1 BAS SOLIDS NUCLEAR S0LAR HYDFRQ TOTAL
CONVENT IONAL 3.3 13 15.01 . D0 . OO -=-—j;;_ -‘I;T:;—
UNCONVENT IONAL - 00 00 .00 N/A N/A N/A .00
TOTAL PRIMARY 3. 23 .13 15.01 s « QU .76 ) 19,12
SYNFUELS .00 « 00 . 00 .00 - 00 . O « DO
TOTAL SUFPLY X.23 .13 15.01 . 00 um;- .76 19.12

PRIMARY ENERGY DEMAND TRBLE
(UNITS=EXAJOLLES {(JslDes18))

oIL GAS SOLIDS NUCLEAR SOLAR HYDRG T07TNAL
ELECTRIC POWER .29 + 6 1.3% SO0 - ) -y .50
END-USE DEMAND 2.8%9 07 14,04 o 130 . G sl 17.02
TOTAL DEMAND 3.18 » 13 15.45 . D0 MY - 76 19.352

REFINARLE EMERGY DEMAND TARLE
(UNITS=EXAJOULES (JelueeI8))

oIL GAS SOLIDS NUCLEAR SOL AR HyYDRD TOTaL
ELECTRIC FOWER .29 . 0b 1.7%9 - 000 .G;‘ h-_-?; _____ E?;*“
END-USE DEMAND =. 89 +07 14.08 . .00 Bl .10 17.02
TOTAL DEMAMD S.18 213 ‘ﬂIS,QS T;;— L 00 w_“-,?é 19.;5“
TOTAL SUPPLY 3,33 .13 i%.014 L 00 LOU T 19.12
HET IHPDRTé ) 0.0;_ .0% mﬁ--.ﬂﬂ :;;— «;;_ "—“—:g;_ ”'““T:;_

SECONDARY ENERGY DEMAND TABLE
(UNITS=EXAJOULES (JelD=e18))

LIQUiDs GASES SOLIDS ELECTRIC TofoL
EHD-USE DE™MAMND Z.8% 07 14,0& .74 17.76
TATAL DEHAHD ~.8% .07 14.04 .74 17.76

(178)
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TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)
(2=NOPT(S)

1975 ENERGY FRODUCTION AND USAGE REFORT

LR T TS T YT YT YR TR T Oy S ey
REGIDN: MIDDLE E£aAST

ENERGY SUPFLY TABLE
(UNITS=EXAJOULES (JetOea18))

o GAS SOLIDS NUCLERAR SOLAR HYDRD TOTAL
CONVENTIONAL 42.33 I3 .02 . 00- 00 -;;_ —’:;?;;-
UNCONVENT IONAL « 00 +00 00 N/A N/7A H/A .00
TOTAL PRIMARY ﬂ-:;.SS - 33 «0X . 00 .00 Db 42.77'
SYNFUELS » 00 00 .00 - 00 + 00 - 00 .00
TOTAL SUPPLY 42.35 «33 .03 - 00 .00 - 0 42.77

PRIMARY ENERGY DEMAND TARLE
(UNITS=EXAJOULES (J#10ss18))

o1 GRS SOL1IDS NUCLEAR SCLAR HYDRO TOTAL
ELECTRIC POWER 31 e 23 .00 - 00 .00 LOb . B0
END-USE DEMAND .55 . & .03 .00 « 00 .00 3.18
TOTAL DEMAND 2.8& .83 .03 .00 . 00 b T.78

REF INABLE ENERGY DEMAND TAELE
(UNITS=EXAJOULES (Je1Qes18))

oI GAaS SOL1DS NUCLEAR SOL.AR HYCFRO TOTAL
ELECTRIC POWER -3 « 23 + O3 - 0 N .1;;- -“-._;;-
END-USE DEMAND 2.53 .60 .03 L0 .00 RN .18
TOTAL DEMAND 2.8;— .a; .03 .00 T .nm‘ —_“:-;_ "-::;;-
TOTAL SUPPLY 42,35 33 .03 - O .00 e 42,77
NET [MPORTS ~39.4% - S0 .00 00 00 S0 =TR.99

SECONDARY ENERGY DEMAMND TABLE
(UNITS=EXAJOULES (Jsides18) )

LIoUIDS BGASES SOLIDS ELECTRIC TOTAL
END-USE DEMAND =.55 - 60 S 003 Y-
TOTAL DEMAND 2.33 - 60 O3 16

(179)
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REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)

TABLE 7.7.
(2=NOPT(5)
1973 ENERGY FRODUCTION AND USAGE REFNRT
BHPIEREABREBIBLB PR AP GEPRRRIRDPEUDDID
REGION: AFRICA
ENERGY SUFFLY TABLE

(UNITS=EXAJOURLES (JslDes1B}))
[ 3 {9 GAS SOLIDS NUCLEAR sSaLAR Hy BRO TOTAL
CONVENT IONAL 10. %% .10 2.18 k] . 00 AT Z.24
UNCONVENT I1ONAL . Q0 .00 » Q02 N/R N/A N/& LEHD
TOTAL PRIMARY 10.39 .10 .18 - Q0 LU0 .47 13.74
SYNFLELS .00 .00 . W2 <00 . D M) L0
TOTAL SUPPLY 10. 59 .10 2.18B - D0 -0 .47 13.34

FRINARY ENERGY DEMAND TARLE

{UNITS=EXAJOULES (Je10=+18B))
orIL BAS SOLIDS NUCLEAR S0LaKR HYDRO TOTAL
ELECTRIC FOWER Pt e .84 L OHr L) .47 1.77
END-USE DEMAND 1.9% .02 1.51 .00 .00 s} 3.52
TOTAL DEMAND 2.35 .12 <.335 L 06 .30 .47 5.29

REF INABLE ENERGY DEMAND TAEBLE

(UNITS=EXAJOLLES (Jel0ea(g))
aiL GAS SOLIDS NUCLEAR SOLAR MY[®G TOTAL
ELECTRIC POWER Y =10 .84 L] A g A7 1.77
ENG-USE DEMAND 1.99 .02 1.51 L 1R L0 AL .52
TATAL DEMAND .35 P onsg 2.335 BUCY) . () .47 5.29
TaTAL SUFFLY 10,59 -10 =.18 ) .00 A7 i3.74
NET TMPORTS ~-g8. 24 02 .17 o Q4 . 00 - ) -8.03

SECONDARY ENERGY DEHAMD TAPLE

(UNITS=EXARJOULES (Je10selB))

LIDUIDs GASES SOLIDS ELECTRIC TOTAL
END-USE DEMAND  1.99 o2 1.3t .3z a.es
ToTeL OEMAND  1.9v oz .31 .52 4.0t

(180)
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TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD M {Continued)
(2=NOPT(5)

1975 ENERGY FRODUCTION AND USAGE REFORT
i A A A AR LS LA I T ST Ly

REGION: S.%E. asIa

ENERGY SUPPLY TAPBLE
(UNITS=EXAJOWLES (JeiDee18))

aIL GAS SOLIDS NUCLEAR SOLAR HYDRQ TOTAL
CONVENT IONAL 3. 7;_ 4% 2.48 - 04 .0;- .83 7.84
UNCDNVENT 1ONAL - 00 .00 + 00 N/& N/A N/A 00
TOTAL PRIMARY 3.79 + 49 2. 68 .04 .00 - B4 7.84
SYNFUEL S 00 + 00 « 00 Q0 + 00 - 00 00
TOTAL SUPPLY 3.7 49 2.468 04 +00 -84 7:;4-—

PRIMARY ENERGY DEMAND TABLE
{UNITS=EXAJOULES (Jel0av18))

olL GAS SOLIbs NUCLEAR SOLAR HYDRO TOTAL
ELECTRIC FOWER « 73 .01 1.81 .04 .00 -84 3.43
END-USE DEMAND 4,24 A4 1.66 00 - 00 - 00 6.34
TOTAL DEMAND 4,97 46 3. 47 04 .00 . B4 9.78

- REFINABLE ENERGY DEMAND TABLE
(UNITS=EXAJOULES (J+10%+18))

OIL GAS SaLibs NUCLEAR SOLAR HYDRQO TOoTAL
ELECTRIC PDWER .73 .Ol—— 1.61 .04 -00 ) .84— 5. 43
END-USE DEMAND 4.24 .44 l.66 To.00 .00 L rd Rt}
TAOTAL DEMAND &.97 - ‘b_ 3. ‘7” =04 « ) ?;-4— n“;?;;“
TOTAL SUFPLY 3.79 49 2. 68 =04 .00 B3 7.84
NET IMPORTS 1.18 -.03 .79 + 00 .;O 00 1.94_

SECONDARY ENERGY DEMAND TABLE
(UNITS=EXAJOULES (J#10se]B))

LIoulbs GASES SOLIDS ELECTRIC TOrAL
END-USE DEMAND 4,24 .44 L.&é 1.1 7.2
TOTAL DEMAND 4.24 A4 1.464 1.01 7.2

{181)
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TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD M {Continued)
{ 2=NOPT(5)
1975 ENERGY FRODUCTION AND USAGE REFNRT
L2 YRS TR YIRS L LR R L 2R B R 2R R PR I Ay
REGION: LATIN AMER
ENERGY SUPPLY TABLE
{UNITS=EXAJOULES (J#10eeig})
oI GAS SOLIDS NUCLEAR  SOLAR HYDRO TOTAL
CONVENT [ ONAL 9.92 .74 .39 .04 -0 1.74 12.83
UNCONVENT 1 ONAL .00 .00 .00 N/A N/A N/A .00
TOTAL PRIMARY 9.92 .74 .39 .04 .00 1.74 2.63
SYNFUELS .00 .00 .00 .00 .00 .00 .00
TOTAL SUPPLY 9.92 .74 .39 .04 .00 1.74 12.83
PRIMARY ENERGY DEMAND TAELE -
(UNITS=EXAJOULES (J#10+418))
olL BAS SOLIDS NUCLEAR  SOLAR HYDRO ToTAaL
ELECTRIC POMER .91 .34 .12 .04 .00 1.74 .15
END-USE DEMAND 444 1.17 .43 .00 . 00 .00 8.06
TOTAL DEMAND 7.37 1.%0 .53 .04 .00 1.74 11.21
REF INABLE ENERGY DEMAND TABLE
(UNITS=EXAJOULES (J#10wwiB1)
oIL GAS © SOLIDS NUCLEAR  SOLAR HYDRO TOTAL
ELECTRIC FOWER .91 .24 .12 .04 .00 1.74 3,15
END-USE DEMAND 6. 44 1.17 .43 .00 .00 SO0 B.06
TOTAL DEMAND 7.357 1.50 .85 .04 .o 1.74 11.21
TOTAL SUFFLY 9,92 .74 .39 .08 .00 1.74 12.83
NET I!HMFOQORTS -2-33 =78 14 00 A ] . 0O ~1.463
SECONDARY ENERGY DEMAND TABLE
(UNITS=EXAJOULES (JeiQes1B))
LICYIDS GASES SOLIDS  ELECTRIC TOTAL
END-USE DETWND 6. 46 1.17 R b .87 8.97
TOTAL DEMAND b.46 1,17 .47 .87 8.93
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REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)

TABLE 7.7,
(2=NOPT(5)
2000 ENERGY PRODUCTION AMD USAGE REFDRY
L R L Ty R
REGION: USA
ENERGY SUFPLY TABLE
(UNITS=EXAJOULES (J#i0es18))
OIL. GAS SOLIbS NUCLEAR SOLAR HYDRO TaraL
CONVENT IONAL, . 00 3.79 .00 7.95 .05 5.48 17.24
UNCONVENT 10NAL . 00 . (0 1.02 N/A NsA N/B 1.02
TOTAL PRIMARY - 00 3.79 1,02 7.9% .D5 S.44 18.28
SYNFUELS 01 + 00 -, 01 .00 .00 - 00 01
TOTAL SUFPLY «01 3.79 1.01 7.95 =05 S. 48 18.27
PRIMARY ENERGY DEMAND TARLE .
(UNITS=EXAJOULES (JelO=eld) )
CIL GAS S0L10DS NUCLEAR SOLAR HYDROD TOTAL
ELECTRIC POWER 2.06 3.460 Jl1.486 7.95 -0 5. 46 30.%58
RESIDEN-COMMERC 7.07 .61 .32 .00 Pale) . 00 15.00
INDUSTRIAL [- T 2.81 3.7 - 00 Mialsl .00 iZ.1%9
TRANSPORT 17.49 OO0 » 00 .00 .00 o] 17.4%9
TOTAL DEMAND I2.72 14,02 35.05 7.935 03 3. 448 23.25
REFINABLE ENERGY DEMAND TARLE
(UNITS=EXAJOULES {(J=i{Qesl18))
QrlL. GAS sSoOLIDS MNUCLEAR S0LAR HYDRD ToTAL
ELECTRIC FOWER 2. 06 3. 460 31.24 7.95 .05 5. 446 0. 36
RESIDEMN-COMMERC 7.08 7.61 =Tl . 1) . 00 - 00 15, n2
INDUSTRIAL a. 12 2.81 3.25 . On . 0Q » 00 12.17
TRANSFORT - 17.32 - 00 . Q0 . 00 L 00 = Q0 17.352
TOTAL DEMAND 32.77 14,02 34,80 7.95 .05 Y. 88 95.05
TOTAL SUFPLY .01 3.79 1.01 7.95 .03 D46 18.27
NET IMPORTS 32.7¢6 10.2% 33.79 <00 SO0 . QU 74.77
SECONDARY EMERIGY DEMAND TAaR_E
IUNITS=EXAJOQULES (Jelnesig))
LIQuIps GASES SOL1IDS FELECTRIC TCTAL
RES | DEN-COMMERC 7.08 7.561 .Z1 8.82 ->.82
INDUSTRIAL -1 .81 3.5 6. 10 19.27
TRANSFORT 17.32 .00 LM .0z 17.52
TOTAL DEMAMD 30.71 10342 3.36 . 14.92 S9. 65

{184)
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TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERICD M (Continued)
(2=NOPT(5)

000 ENERGY PRODDUCTION AND USAGE REFORT

S RENTRER RN BARP PR IR LSRR EERIR SRR D

REGION1 CANADA & EUR

ENERGY SUPFLY TABLE
(UNITS=EXAJOULES (Je10+418))

o1L GAS SOLIDS  NUCLEAR  SOLAR HYDRO TotaL
CONVENT I ONAL 13.94 &.58 . 00 5.04 .01 10.82 35.40
UNCONVENT IONAL .00 .00 3,44 N/A N/A N/A 3. 44
TOTAL PRIMARY 15.94 6.58 3. 44 5.04 .01 10.82 39.83
SYNFUELS .03 .00 - 04 .00 .00 .00 .03
TATAL SUPPLY 13.57 4.58 3. 40 5,04 .01 10.82 39.82
PRIMARY ENERSY DEMAND TABLE

‘ (UNITS=EXAJDURES (Je»10+«18)) -
oIL GAS SOLIDS NUCLEAR  SOLAR HYDRO TOTAL
ELECTRIC FOWER 4,00 2.06 12.13 5.04 .01 10.82 34.06
RESIDEN-COMMERC  3.82 2.72 1.14 .00 .00 .00 9. 68
INDUSTRIAL 8.05 4.4 3.89 < GO .00 .00 15.98
TRANSPORT 4.7%2 . 00 .02 .00 - 00 .00 4,34
w TOTAL DEMAND 22.19 e.02 16.98 5.04 .01 10.82 64.06

REF INARLE ENERGY DEMAND TAELE
(UNITS=EXAJOLNES (Jw#1D#e18))

oL GAS SOLIDS NUCLEAR SOLAR HYDRO TOTAL
ELECTRIC POWER 4.01 2.04 12.03 5.04 .01 10.82 .97
RES I DEN~-COMMHERC 5.83 2.72 1.13 + 00 . 00 « 0 S. &8
INDUSTRIAL 8.07 o4 3. 584 « 00 .00 » 00 15.97
TRANSFORT . 4.3 .00 .02 .00 D0 .00 4.354
TaTAL DEMAND 22,23 ?.02 1&. B4 S5.04 .01 10.82 a3.97
TOTAL SUPPLY 13.97 6.58 3. 40 S.04 -0t o8z F9.82
NET IMPORTS B.26 2,44 13.4% 00 .00 L0 24.1%

SECONDARY ENERGY DEMAND TABLE
(UNITS=EXAJOULES (Jet0a#1B))

LICUIDS GASES SOLIDS ELECTRIC TOTRL
RESIDEN-COFMERT 5.87 =.72 .13 Tt 1z2.81
INDUSTRIAL 8.07 4.74 5.66 &. 69 2Z.66
TRANSFORT 4.3 - 01 .02 .09 4,47
TOTAL DEMAND 18,22 %. 96 4.81 ?.91 T9.90

{185)
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TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)
‘ {2=NOPT(S)

2000 ENERGY PRODUCTION AND USAGE FEFORT

HHABERERHERB LA EBRROIIBALIRRALECRO IR
REGION1I OECD FACIFIC

ENERGY SUFFLY TABLE
{UNITS=EXAJOULLES (J=10421B1)

OIL GAS SOLIDS NUCLEAR SOLNAR HYDRO TOTAL
CONVENT IONAL - 00 .82 - 00 1.60 0 z.Z 4.78
UNCONVENT 10NAL . 00 =00 . A9 N/A [ N7a N/A .49
TOTAL PRIMARY + 00 .82 .49 1.60 .01 2.36 5.27
SYNFUELS .00 .00 -.01 .00 - 00 .00 0
TOTAL SUFFLY - 00 .82 .49 1.4690 .01 .34 %5.27
FPRIMARY ENERGY DEMAND TAEBLE -
(NITS#EXAJOULES (J=10#+18))
oIL GAS SOL1IDS NUCLEAR SOLAR HYDRO TOTAL
ELECTRIC POWER S.48 . 468 5.895 1.50 - 01 2.34 15.98
RESIDEN-COMMERC 3.38 1.28 .71 . 00 .00 - 00 5.37
IHDUSTRIAL 2.81 .99 3.42 - 00 » 00 - 00 .23
TRANSFORT 3.39 .00 .03 . 00 .00 .00 3.43
TATAL DEMAND 135.07 2.%6 10.02 1.460 .03 2.3 32.00

REF INABLE ENERGY DEMAND TABLE
(UNITS=EXAJOULES (J»10+218))

ar. GAS SOLINS NUCLEARR SOLAR HYDRO TOTAL
ELECTRIC FOWER 5.49 Y-1:3 3.81 1.460 01 2. 36 12,935
RESIDEN-COMMERC 3.38 1.2 .70 .00 . an 00 5.37
INDUSTRTAL 2.82 .99 3. 40 - 00 . Q0 .00 7.21%
TRANSFORT 3.39 .00 .03 - 00 . 0 .00 3.42
TOTAL DEMAND 15,09 2.94 .94 1.40 » Q1 2.36 Z1.95
TOTAL SUFPLY . D0 -8z .49 1.&0 .01 .74 .27
NET IMFORTS 135.08 .14 ?. 44 o O™ - 00 g 24.68

SECONDARY ENERGY DEMAND TABLE
(UNITS=EXAJOULES (J&1Ne=1B})

LIGUIDS GASES

SOLIDS ELECTRIC TOTAL

RESIDEN-COMMERT 3.38 L.28 .70 i.71 7.28
INDUSTRIAL %-82 .99 3,40 255 ?.76
TRANSPORT 3.39 . 00 .03 - 11 .57
TOTAL DERAND @,60 2.27 413 » 4,57 UL

(186)
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w TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)
_ (2=NOPT(5)

<000 ENERGY PRODUCTIDON AND USAGE REFORT

bbbl AR A a AL E L T L L L
REGION: USSR/E. EUR.

ENERGY SUFFLY TABLE
(UNITS=EXAJOULES (Je10we1g))

oIy GAS sOLiDS NUCLEAR SOLAR HYDRO TOTAL
CONVENT IONAL 24.25 29.03 &2.33 i.14 O 10,07 126.82
UNCONVENT 1ONAL « 00 .00 1.35%9 N/A N/A N/&a 1.59
TOTAL PRIMARY 24.25 29.03 &63.92 1.1a .00 10.07 128. 41
SYNFUELS -7 - 00 -.78 « 00 00 - 00 P32
TQTAL SUPPLY 24,77 29.03 &3. 14 1.14 .00 10,07 128.1%
PRIMARY ENERGY DEMAND TABLE -
(UNITSeEXAJOULES (JeiQeeig)}
QIL GAS SOL1IDS NUCLEAR SOLAR HYDRO TOTAL
ELECTRIC POWER 8.25 2.44 11,26 1.14 - 00 10.07 33.186
END-USE DEMAND 19.70 10.17 24.08 - 00 00 .00 3I.94
TOTAL DEMAND 27.93 12. 61 335,33 1.14 2 00 10.07 87.10

REFINABLE ENEAGY DEMAND TARLE

v (UNITS=EXAJDULES (J=10+818))
OIL GAS SOIL.1DS NUCLEAR SOLAR HYPRO TOTAL
ELECTRIC FOMWER 8. 40 2.44 11.12 1,14 00 10.97 33.18
END-USE DEMAND 20.07 10.17 23.78 . 00 « 00 00 34.02
TOTAL DEMAND 2B.47 <.61 34,90 1.14 .00 10.07 "";;. 19
TOTAL SUPPLY 24.77 I9.03 63,14 1.14 .00 10.07 12B8.15
NET IMPORTS 3. ;C_)- -1&. 42 -:;; 23 .00 00 ‘—"".‘;;" ‘:;';:‘;;"

SECONDARY ENERGY DEMAND TABLE
(UNITS=EXAJOULES (Ja10we18) 1

LIOUIDS BASES SOLIDS ELECTRIC TOTAL
END-USE DEMAND 20.07 10,17 .78 i 45,3
TOTAL DEMAND 0.07 10,17 2T.7B 9.5 &Z.55
(187)
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TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)
{2=NQPT(5)

2000 ENERGY PRODUCTION AND USAGE REPORT

PP ERP RSSO IR RSN RLESCRALRDNOLERSRD
REGION: CHINA/ET.AL.

ENERGY SUPPLY TABLE
{(UNITS=EXAJOULES (Je#10e=+18)}

OIL BGAS SALIDS NUCLEAR SOLAR HYDRO TOTAL
CONVENT IONAL 10.47 .48 54,52 .1;— .00 ) 5.4?_ 71.1;-
UNCONVENT TONAL « 00 .00 1.57 N/A N/A N/7A 1.57
TOTAL PRIMARY 10. 47 .48 54,09 .19 . Q0 5.49 72.7:-
SYNFUELS - 00 . 00 .00 « 00 .00 .00 .00
TOTAL. SUPPLY 10,47 48 56.09 .19 » 00 5?‘;“ 72.71

FRIMARY ENERGY DEMAND TABLE
(UNITS=EXAJOULES (JeiQee1B))

o1L GAS sSOLIDS NUCL.EAR SOLAR HYDRED TOTAL
ELECTRIC POMER 2.19 -0 4,30 -19 .00 5. A% 12.2%
END-USE DEMAND F.12 1.14 29.73 » 00 .00 . 00 3%.98
TOTAL DEMAND 11.30 1,2 34.03 .19 .00 5.49 52.20

REFINABLE ENERGY DEMAND TABLE
(UNITS=EXAJOULES (JeiQeeiB))

) aIL GAS SOLIDS NUCLEAR SOLAR MY DRO TOTAL
ELECTRIC POWER 2.19 o . Q6 ) 4,30 .19 .;;_ 5.49 12.22
END-USE DEMAND 9.12 1.14 29.73 00 o .00 39.98
TOTAL DEMAND 13.31 - 1.20 34.03 .19 .;;m o 5. 49 S2.00
TOTAL. SUFPLY 10,47 .48 54.09 .19 e 5.49 7a.71
NET IMPORTS B4 T Tmee s iee 0 -20.31

SECONDARY ENERGY DEMAND TADLE
{UNITS=EXAJOULES {J=10=+18)}

LIOUIDS GASES SOLIRS ELECTRIC TOTAL
END-USE DEMAND 9.17 1.14 29,75 3.5 4z.51
TOTAL DEMAND 9.17 1.44 29.7% 3.5% 4z, 54
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TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)
{2=NOPT(5)

2000 ENERGY FRODUCTION AND USAGE REFORT
LI R Y TR 2T T T S Y T TY T X YN Ty Py

REGION: MIDDLE EAST

ENERGY SUPFLY TABLE
(UNITS=EXAJOLLES (J#10#e18))

oIL GAS SOLIDS NUCLEAR SOLAR HYDROD TOTAL
CONVENT IONAL 47,50 1.53 .14 .02 .00 t.o3 S0. 41
UNCONVENT 10ONAL .00 00 .27 N/A N/A N/A .27
TOTAL PRIMARY 47.%0 1.53 . 40 .02 .00 1.23 50. 68
SYNFUELS .00 .00 .00 .00 L 00 .00 . 00
TOTAL SUPPLY 47.%0 1.53 . 40 .02 .00 1.23 50,48
PRIMARY ENERGY DEMAND TABLE
{UNITS=EXAJOULES (J#10##18)) -
oL Bas SOLIDS NUCLEAR  SOLAR HYDRD TOTAL
ELECTRIC POWER .53 .54 .17 .02 .00 1.23 2.4%
END-USE DEMAND a.31 1.3 .22 .00 .00 « 0 9.82
TOTAL DEMAND g8.84 1.8% " .39 .02 .00 1.23 12.32

REF INABLE ENERGY DEMAND TaELE
(UNITS=EXAJOULES (JailQes18))

[+}18 BAS SOLIDS NUCLEAR SOLAR HYDRQ TOTAL
ELECTRIC POWER .53 .54 .17 .02 - D0 1.2 =. 49
END-USE DEMAND B.31 1.31 .2 : .00 « « 00 9.83
TOTAL DEMAND 8,04 1.83 -39 .02 .;—J' 1.23 12.32
TOTAL SUPPLY 47.30 i.33 A0 .02 o H3 .23 0. 68
NET IMPORTS =38. 486 o -32 -.02 .or._s_ - « 0O M) -38. 16_

SECONDARY EMERGY DEMAND TABLE
{UNITS*EXAJOULES (JelOseig))

LICUIDS GASES SOLIDS ELECTRIC TaTaL
END-USE DEMAND 8.31 1.21 «22 -3 10,52
TOTAL DEMAND 8.71 .31 e .67 10.582
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TABLE 7.7.

CONVENT I0NAL
UNCONVENT IONAL

TOTAL PRIMARY
SYNFUELS

TOTAL SUFPLY

ELECTRIC POWER
END-USE DEMAND

TOTAL DEMAND

ELECTRIC POWER
END-USE DEMAND

TOTAL DEMAND
TOTAL SUPFLY

NET IHPORTS
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REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)

(2=NOPT(5)

2000 ENERGY FRUPAUCTION NHD USAGE REFORT

POADEDRERELGBRIRABDERINERODO SRR PR BIEDR

REGION: AFRICA

ENERGY SUFFLY TABLE
(UNITS=EXAJOULES (J#10#+i8))

oIL GAS SOLIDS NUCLERR SOLAR HYDRO TOTAL
29.;;_ - 40 ?.50 .09 - 00 4,565 4. &8
. 00 00 1.40 N/R N/& N/A 1.40
29.03 . 40 10.90 .09 . 00 4,485 45.0;-
- 09 .00 - 13 - 00 . 00 ] .09
29.12 <A1 10.77 ) .05 .00 4.;;” "Q;;?;;_
FRIMARY ENERGY DEMAND TABLE -
(UNITS=EXAJOIRES (Jeloee1B)) -
orL GAS SOLIDS NUCLEAR SOLAR HYDRO TOTAL
on e Tzima T e Tl T alss 7iee
H5.06 1.24 4.78 . 00 ) » D0 11.08
5.97 1.34 7.02 .09 Q0 A.4635 1??;;-
REF INABLE ENERGY DEMAND TABLE
(UNITS=EXAJOULES (J*10#=18))
oIL GAS SOLIDS NUCLEAR SALAR HYDRO TOTAL
72 o 21 0w oo a.ss | 7.9
3.07 1.24 4,72 SO0 » N0 « 00 11.04
Teee  1.38  e#s | Lee | o0 a.es  19.00
29.12 .41 10.77 .09 .00 4.465 4%, 03
-23.13 .74 -3.83 - O . G0 FUal ~2b. 03
SECONDARY ENERGY DERAND TABLE
(URITS=EXAJOULES (Jeius=181)
LIQUIDS GASES sSoLIDS ELECTRIC TOTaL
Enp-USE DEMAND .07 L.3a 472 2.33
TTser iz sz zosw

TOTAL DEMAND
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TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)
( 2=NOPT(5)

2000 ENERGY PRODUCTION AND USAGE REFORT

bR A S i s T I T TR ST Y LY YT O g
REGION: LATIN AMER

ENERGY SUPPLY TABLE
(UNITS=EXAJOULES (J#10ew18})

OIL GAS SOLIDS  NUCLEAR  SOLAR HYDRO TOTAL
CONVENT [ONAL. 235.01 3.42 1.73 .80 .00 10.91 41, 47
UNCONVENT I ONAL . 00 .00 2.02 N/A N/A N/A 2.02
TOTAL PRIMARY 25%.01 3,42 3.75 .+ 80 .00 10.91 43,49
SYNFUELS " .03 . 00 -. 05 .00 .00 .00 .03
TOTAL SUPPLY Z5.04 3.42 3.71 . 40 - 00 10.91 43,48
PRIMARY ENERGY DEMAND TABLE -«
(UNITS=EXAJOILAES (JstOe#18))
oIL GAS SOLIDS MICLEAR  SOLAR HYDRO TOTAL
ELECTRIC POWER 2.46 64 1.5 . 40 .00 10.91 15.97
END-USE DEMAND 1%.37 3.59 2.2% .00 .00 .00 21.21
TOTAL DEMAND 17.83 4,23 3.81 . 40 - 00 10,91 37.18

REFINABLE ENERGY DEMAND TABLE
(UNITS=EXAJOULES (J=10aa168)}

oIl GAS S0LIDS NUCLEAR  SOLAR HYDRD TDTAL
ELECTR!(.: POWER 2.44 e 1.34 .40 .00 10.91 15.95
END-USE DEMAND 13,39 3.59 2.22 ) .00 .00 21.20
TOTAL DEMAND 17.88 4.23 3.76 .40 .00 10,91 37.13
TOTAL SUPPLY 25.04 3.42 3.71 . 40 .00 10,91 43,48
NET IMPORTS -7.19 .B1 .05 .00 . 00 .00 ~6.33
SECONDARY ENERGY DEMAND TABLE
(UNITS«EXAJOULES (J#i0%e18))
LIouIDS GASES SOLIDS ELECTRIC TOTAL
END-USE DEMAND 15.39 3.359 2.2 4.51 IS. 71
TOTAL DEMAND 15.;;_ 3I.5% :.:; 4.3 Is.71

(191)
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TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)
(2=NOPT(5)

2060 ENERGY PRODUCTION AND USAGE REPORT

T Y N LI YTy TS YL T
REGION: S.LE. ASIA

ENERGY SUFPLY TABLE
(NI TS=EXAJOLLES (J#i0#e18))

o1L BAS S0L1IDS NUCLERR SOLAR HYDR TOTAL
CO!N;VENTIONAL 2.38 2.1t 10.94 .40 00 . 4,18 22.21
UNCONVENT 10NAL. - 00 00 2.59 N/A N/A N/A 2.59
TOTaL PRIMARY 2.38 2. 11 13.53 .40 - 00 &. 18 24.80
SYNFLUELS «00 +00 .00 .00 00 .00 - 00
TOTAL SUPPLY 2.58 2.11 13.53 . 40 - Q0 6.18 24.80

PRIMARY ENERGY DEMAND TABLE
(UNITS=EXAJOULES (Jel0s#18))

aIL GAS SOLIDS NUCLEARR SOLAR HYDRD TOTAL
ELECTRIC POWER 1.44 «10 4.99 . #0 - 00 &6.18 i3.11
END-USE DEMAND 9.48 .87 S.94 - 00 + 00 00 14.71
TOTAL DEMAND 10.92 .7 10.93 + 80 - OO &.18 29.43

REF INABLE ENERGY DEMAND TABLE
{UNITS=EXAJOIRES (J8l0sa18))

) oIL GAS SOLIDS MNUCLEAR  SOLAR HYDRO TOTAL
ELECTRIC POWER 1.44 .10 4.99 . 40 .00 6.18 13.13
END—=USE DEMAND 9, 49 .87 5.96 .00 .00 .00 16.32
TOTAL DEMAND 10.93 .97 mﬂxo.vs .40 .o;m 6.18 29.43
TOTAL SUPPLY 2.58 2.11 1z, .80 « QO 6.18 24.80
HET IMPORTS 8.35 “l.54 -2.57 «00 .00 :—;M 4.43

SECONDARY ENERGY DEMAND TABLE
(UNITS=EXAJOULES (J#102e18)}

LIQUIDS GASES SOLIDS ELECTRIC TOvAaL
END-USE DEMAND ?.49 .87 .96 3.85 20.18
TOTAL. DEMAND 7. 49 .87 3.9 3.84 20.18
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PERIOD M (Continued)

(193)

_ _ TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR
(2=NOPT(5)
2025 ENERGY PRODUCTION AND USAGE REPORT
XTI ITY YIS AYI SISO R T 2 X L 2 L R T R X RN Yy
REGION: USA
ENERGY SUPFLY TABLE
. (UNITS=EXAJOULES (J#10++18))
OIL GAS SOLIDS NUCLEAR SOLAR HYDRO TATAL
CONVENT [ONAL, . 04 10.3%9 .00 12.92 5.89 &. 14 33.99
UNCONVENT 10NAL . 08 .00 1.56 N/A N/A N/A 1.61
TOTAL PRIMARY .09 10.59 1.56 12.92 5.89 6.14 37.19
SYNFUELS .09 .00 -.13 .00 - 00 . 00 .0%
TOTAL SUPPLY .17 10.%9 1.43 12.92 5.89 4. 14 37.15
PRIMARY EMNERGY DEMAND TABLE
(UNITS=EXAJOULES (Js10s+18))
oIL BAS SOL1IDS NUCLEAR  SDLAR HYDRO TOTAL
ELECTRIC POWER 5. 49 10.73 30.15 12.92 5.89 b.14 71.32
RES [ DEN-COMMERC 6,78 10.50 ] - 00 .00 » 00 17.74
INDUSTRIAL S.20 3.12 4.83 - 00 « 00 .00 .93
TRANSFORT 19.%3 .00 .00 .00 .00 N 19.33
TOTAL DEMAND 3b6.81 24.35 33.24 12.92 5.89 &. 14 121.33
> REFINABLE ENERGY DEMAND TABLE
(UNITS=EXAJOULES (Ja10seig))
. o1 GAS SOLIPS  MUCLEAR  SDLAR HYDRO TOTAL
ELECTRIC POWER 5.83 10.74 7. 80 12.92 5.89 &.14 &%9.12
RESIDEN-COMMERTC 7.1% 10.351 .42 . 00 200 « 00 18.12
INDUSTRIAL 5.52 3.12 A 24 .00 .00 « 00 12.88
TRANSPORT 20.30 .00 .00 .00 .00 .00 20.%0
TOTAL DEMAND 39.08 24.37 32.27 12.92 5.89 &.14 $120.63
TOTAL SUPPLY 1Y 10.59 1.43 12.92 5. 89 &.14 X715
NET IMPORTS 38.a7 13.78 30.83 .00 - .00 . 00 B8=. 48
SECONDARY ENERGY DEMAND TABLE
{(UNITS=EXAJOULES (J#10se18})
LIGUIDS GASES SOLIDS ELECYRIC TOTAL
RES I DEN-COMMERC 7.19 10.§1 .42 11.33 29.4%
INDUSTRIAL S.52 1.1z 4 6.72 D1.60
TRANSFDORT 20.50 .00 .00 * .03 20,57
TOTAL DEMAND 3.2 13.463 4,866 20,08 71.39
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REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)

TABLE 7.7.
( 2=NOPT{5)
2025 ENERGY PRDDUCTION AND USAGE REFORT
ﬂ.ﬂ”ﬂ.."'ﬂ"..."'....‘."ﬂ‘ [ EEETYENYY Y
. REGION: CANADA % EUR
ENERGY SUPFLY TABLE
(UNITS=EXAJOULES (Je10ee1@))
oIL BAS  SOLIDS MUCLEAR  SOLAR  HYDRG  TOTAL
CONVENT 10NAL 34,78 iS5.72 .00 9.12 3.64 11,97  7=.23
LINCONVENT IONAL .04 .00 4.30 N/A N/A N/ 4,34
TOTAL PRIMARY  34.82  1S.72 4.30 ?.12 3. 64 11.97  79.%s
SYNFUELS .24 .00 =34 .00 .00 .00 .24
TOTAL SUPPLY I5.06 1,73 3.93 9.12 3. 64 11.97 79,44
PRIMARY ENERGY DEMAND TABLE -
(UNITS*EXAJOULES (Je10esiB))
o BAS  SOLIDS  NUCLEAR SOLAR  HYDRO  TOTAL
ELECTRIC POWER  3.02 7.87 13.55 9,12 3. 64 11.97 a9.17
RESIDEN-COMMERE £.79 3.02 1.83 « 00 - D0 » OO 11,43
INDUSTRIAL, 5.3 r.19 s.77 . D0 - 00 « 00 18.3&
TRANSPORT 4.77 - 00 .04 « 00 - D0 « 00 4.81
TOTAL DEMAND 17.98  20.08  21.21 .12 3. 564 11.97  @3s.99
REFINABLE ENERGY DEMAND TABLE
(UNITS=EXAJOULES (J*108618))
oI 6AS  SOLIDS NUCLEAR SOLAR  HYDRO  TOTAL
ELECTRIC POWER  3.04 7.87 12. 41 9,10 3.64  11.97  4@.0%
RESIDEN-COMMERC  4.82 5.02 1,49 .00 .00 .00 11.35
INDUSTRIAL 5. 43 7.20 5.78 .00 .00 00 17,91
TRANSPORT . 4,80 .00 .03 .00 .00 .00 4. |
TOTAL. DEMAND 18. 10 20.09 19.42 F.12 3.64 11.97 82.33
TOTAL. SUPPLY 33.06 18,73 3.93 $.12 3.64 11.97 79,44
MNET IMPORTS ~16.96 4.35  15.48 .00 .00 .00 2,89
SECONDARY ENERGY DEMAND TABLE
(IUNITS=EXAJOULES (J»10s+18))
LIGUIDS  GASES SOLIDS ELECTRIC  TOTaL
RES IDEN-COMHERD 4,82 3.02 1.469 &.204 15.77
INDUSTR I AL .43 T.20 5.°B G.48 =7.73
TRANSFORT 4,80 « OO0 .01 Al 3.00
TOTAL DERAND 15. 06 12.71 7.01 13.83 48,11
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TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)
{ 2=NOPT(5)

2025 ENERGY PRODUCTION AND USAGE REFORT

bttt A A LS S T T TATE TH Y T
¢ REGION: OECD PACIFIC

ENERGY SUFFLY TABLE
(UNITS=EXAIOULES (J»i0ss18))

aIL GAS SOLIDS NUCLEAR SOLAR HYDRO TOTAL
CONVENT IONAL 04 2.43 . Q0 4.70 1.88 2.5;- 11.63
UNCONVENT IONAL. .04 .00 76 N/A N/A Nsa B0
TOTAL PRIMARY .09 2.43 74 4.70 1.88 2.59 12.44
SYNFUELS «04 « 00 ~.0&6 - 00 «00 - 00 .04
TOTAL SUPPLY 13 2.43 «70 4.70 1.88 2.39 12,41

PRIMARY ENERSY DEMAND TABLE
(UNITS=EXAJOULES (J#10ss18) )

oI GAS SOLIDS NUCLE AR SOLAR HYDROD TOTAL
ELECTRIC POWER 3.03 2.00 .62 4,70 1.88 2.59 23.01
RES1DEN-COMMERC 3.1%8 2.30 1.0t - 00 . 00 «00 &. 467
INDUSTRIAL 2.18 1.76 4.43 .00 « 00 0 8.3&
TRANSPORT 3.83 .00 + 048 - 00 00 00 3.89
TOTAL DEMAND 12. 1% 6.25 15.12 4.70 1.89 2.359 42.72

. REFINABLE ENERGY DEMAND TABLE
. - (UNITS=EXAJOULES (Je10sat8))

QIL GAS S0LIDS NUCLEAR SOLAR HYDRO TOTAL
ELECTRIC POWER .22 2.00 .80 4.70 i.88 2.59 23.18
RESIDEN-COMMERC 3.34 2.50 .93 ) .00 .00 6.70
INDUSTRIAL ' 2.31 1.76 4,035 -« 00 - 00 =00 8.12
TRANSPORT £,07 » 00 -0d « 00 «» 00 - 00 4,132
TOTAL DEMAND 12.94 &. 26 13.84 4,70 1.88 2.5%9 42,20
TOTAL SUPPLY -13 2.43 . 70 4.70 1L.88 2.59 12.41
NET IMPORTE 12.81 3.83 13.15 . 00 . 00 .00 29.79

SECONDARY ENERGY DEMAND TABLE
(UNITS=EXAJOULES (J»10se181)

LI1QUIDS GASES SOLIDS ELECTRIC TOTAL
RES I DEN-COMMERC 3.34 2.5%0 .93 .70 9.48
INDUSTRIAL 2.31 1.76 4.05 3.835 11.98
TRANSPORT 4,07 - 00 -0 - 18 4. 30
TOTAL DEMAND 9.72 4,28 3.04 b.74 8. %6
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CONVENT IONAL
UNCONVENT IONAL

TOTAL PRIMARY
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TOTAL SUPPLY

ELECTRIC POWER
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174

( 2=NOPT(5)

2023 ENEROY PRODUCTION AND USNHGE REFOTT
BERPRECHONDENGERNLREEDRRREPRLIUHDD SNSRI

REGION: USSR/E. EUR
ENERGY SUFFLY TABLE

(UNITS=EXAJOULES (J*10#+18))

a

REGIONAL ENERGY BALANCE TABLES FOR PERIOD M {Continued)

oIL GAS SOLIDS  NUCLEAR  SOLAR HYDRO TOTAL
84,70 43.96 123,38 5.08 2.03 14,08  247.373
.04 .00 2. 40 N/A N/A N/& 2.44
36,74 43.96 12%5.78 s.08 2.03 16.08 249,47
7.00 .07 -10.4l .00 .00 00 7.07
63.74 44,04 115,17 3.08 2.03 16.08  246.13
PRIMARY ENERBY DEMAND TARLE
(UNLTS=EXAJOULES (J»10e218))
DL GRS SOLIDS  NUCLEAR  BOLAR HYDRO TataL
6.09 3.04 13.90 5.08 2.03 16.08 46.23
18.0¢ 19,563 21.88 .00 .00 .00 50.34
24.93 22.467 33.77 .08 2.03 16.08  104.54
REFINABLE EMERBY DEMAND TABLE
(NTTSmEXAJOLES (Je(0ee18}}
oIL gAs SOLIDS NUCLEAR  SOLAR HYDRO TOTAL
&.84 3.0% 12.73 3.08 2.03 16.08 45.81
21.17 19. 64 20.0%7 .00 .00 .00 460,83
28.01 22.71 32.7% %5.08 2.03 16.08  104.44
63,78 44,04 11%.17 5,08 2,03 16.08 286,13
~33,73 ~21.32 ~-82.42 - 00 .00 200 ~139.47
SECONDARY EMERGY DEMAND TABLE
(UNITS=EXAJOULES (Jel0ss18)}
LIGRIIDS BGASES SOLIDS  ELECTRIC TOTAL
END-USE DEMAND 21.17 19. 66 20.02 13.23 7408
21.1;_ 19. 66 Mzo.oz' 13.23 74,08

TOTAL DEMAMD

(196)
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REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)

TABLE 7.7.
(2=NOPT(5)
2025 ENERGY PRODUCTION AND USAGE REFORT
[TE T YT TR TR T TY T TETT LY T T TR P
REG1ON1 CHINA/ET.AL.
ENERGY SUPPLY TABLE
(UNITS=EXAJOULES (Je10##18))
Q1L 8Aas SOLIDS NUCLEAR SOLAR HYDRO TOTAL
CONVENT JOMNAL ?.65 2.00 85. 44 3.43 - 24 15.39 116,35
UNCONVENT TONAL .04 .00 2.74 N/A N/A N/A 2.99
TOTAL PRIMARY ?.469 2,00 B88.38 3.43 - 24 15.59 119.34
SYNFUELS 4.92 Q3 ~7.46 00 + Q0 « 00 4.97
TOTAL SUPPLY 14,461 2.03 80.93 3.43 .24 13.39 116.83
PRIMARY ENERGY DEMAND TABLE -
(UNITS*EXAJOLLES (J#108#18))
Q1L GAS SOLIDS NUCLEAR SOLAR HYDRO TAOTAL
ELECTRIC POWER 3.56 1.03 9.44 3.43 . 24 15.5% 33.29
END-USE DEMAND 14.26 .71 33.34 « 00 + 00 =00 72.54
TOTAL DEMAND 17.83 &, 74 63.00 3.43 .24 13.3% 104,83
REF INABLE ENERGY DEMAND TABLE
LUNITS=EXAJIMLES (J#10%s18))
oIL BAS SOLIDS NUCLEAR SOLAR HYDRO TOTAL
ELECTRIC POWER 4.4 1.03 8.84 3.43 .24 15.59 33.58
END~USE DEMAND 18.58 3.78 49.04 ' .00 « 00 - 00 7T.39
TOTAL DEMAND 23.22 6.80 37.48 3.43 .24 13.59 106.97
TOTAL SUPPLY 14. 41 2.05 80.93 3.43 .24 13.3% 116.85
NET IMPORTS B.&61 4.74 -23. 24 + 00 - 00 - 00 -7.88
SECONDARY ENERGY DEMAND TABLE
(UNITS=EXRJOLLES (Je10s218))
LIJIDS BASES SO 10S ELECTRIC TOTAL
END-USE DEMAND 18.30 5.74 49.0% .78 83.12
TOTAL DEMAND 18.358 5.7 49, 04 .74 83.12
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TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)
(2=NOPT(5)

2025 ENERGY PRODUCTION AND USAGE REPORT
’ R eRITEHROEROPIBUARGREHEROBINSENOERNEOED

REGION: HMIDDLE EAST

ENERGY SUFFPLY TRBLE
(UNITS=EXAJOULES (Je10e018)}

a1 GAS SOLIDS NUCLEAR SOLAR HYDRO TaTAL

CONVENT IONAL 29.91 9.16 00 2.77 1.10 2.08 45,03
UNCONVENT I ONAL - 04 . 00 -6C N/& N/A N/A b4
TOTAL PRIMARY 29.94 9.16 - &0 2.77 1.10 2.08 45.67
SYNFUELS - 00 .00 = 00 . 00 00 . 00 .00
TOTAL SUPPLY 29.%% 9.14 - &0 2.77 1.10 2.08 4367

PRIMARY ENERGY DEMAMD TABLE
(UNI TS=EXAJOULES (J#10=¢18})

DIL GAS SOLIDS  NUCLEAR  SOLAR HYDRO IDTAL
ELECTRIC POWER -7 2.24 3.73 2.77 1-10 2.08B 1z2.72
END-USE DEMAND  16.1%9 4,49 T2 .00 .00 .00 21.60
TOTAL DEMAND 56,99 £.73 4,635 2.77 1.10 2.08 34.32

REFINABLE EMERGY DEMAND TARLE
(UNITS=EXAJOULES (Je10s=218))

[1}{% GAS SOLIDS NUCLEAR SOLAR HYDRD - TOTAL
ELECTRIC POWER .79 2.24 3.4% 2.77 1.10 2.08 1‘2.-4_4‘
END—-USE DEMAND 16.1% 4,49 -83 . Q0 .00 .00 21.5%
TOTAL DEMAND 16.99 &.7;"’ 4.31 . 2,77 1.10 2.;;— B 33.98
TOTAL SUPPLY 29.96 9.16 - &0 2.77 1.10 2.08 4%5. 67
NET IMPORTE —-12.97 =2.43 3.7 » 00 .00 - 00 “11.6%

SECOMDARY EMNERGY DEMAND TABLE
(UNITS=EXAJOULES (J*102¢1B}?

LIDUIDS GASES SOLIDS ELECTRIC TOTAL
END-USE  DEMAND i6.19 4,49 .83 3.38 o3.12
TOTAL DEMAND ib. 19 4,49 .83 3.58 <3.12
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TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)
(2=NOPT(5)
* 2025 ENERGY PRODUCTION AND USAGE REPORT

A2 I RIS TR IT LT T L LN Y Y Y ey
REGION: AFRICA

ENERGY SUPPLY TABLE
(IUNITS=EXAJOLLES (J#10#=18))

-OIL Gas SOLIDS NUCLEAR  SOLAR HYDRO TOTAL
CONVENT IONAL 29.04 2.24 10.t@ 1.5% &2 18.55 &2.19
UNCONVENT IONAL .04 . 00 3.03 N/A N/A N/R 3.07
TAOTAL PRIMARY 29.09 2.26 13.20 1.55 &2 18.%55 6%, 26
SYNFUELS .73 .01 -1.11 00 .00 .00 .74
TOTAL SUPPLY 9.8z 2.26 12.09 1.5% &2 18.5% &4, 89
PRIMARY ENERGY DEMAND TAELE "
(UNITS=EXAJOULES {(J#10e=18))
o1 GAS SOLIDS NUCLEAR  SOLAR HYDROD TOTAL
ELECTRIC FOWER 1.87 .93 4.8 1.53 a2 18,55 27.77
END-USE DEMAND  14.03 5.51 12, .00 .00 . 00 31.85
. TOTAL DEMAND 15.90 b.44 16,54 1.55 &2 18.5% 59.461
W REFINABLE ENERBY DEMAND TABLE
{UNITS=EXAJOULES {(J#10xe18)}

. OIL BAS SOLIDS NUCLEAR  SOLAR HYDROD TOTAL
ELECTRIC POWER 1.92 .93 3.89 1.55 62 18.%55 27.48
END~USE DEMAND 14.39 5.353 11.26 . 00 .00 . 00 31,17
TATAL DEMAND 16.31 &, 44 15.19 1.55 .62 18.55 58.483
TOTAL SUPPLY 29.92 2.26 12.09 1.55 82 18.55 64,89

NET IMPORTS -13.351 4.1%9 3.04 - 00 + 00 - 00 ~b.2b6

SECONDARY ENERGY DEMAND TABLE
(UNITE=EXAJOULES (Jsai0ese1B))

LIGUTDS BASES SOLIDS ELECTRIC TOTAL
END-USE DEMAND 14,39 35.353 11:246 7.94 3I9.11

TOTAL DEMAMND 14,39 5.33 11.24 7.94 39.11

p— (199)
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TABLE 7.7. RECIONAL ENERGY BALANCE TABLES FOR PERIOD M {Continued)
(2=NOPT(5)

. 202% EMNERAY PRODUCTION AND USAGE REFORT
AR EER LSRR RSN RRARERERRERRIRESIRRNS

REGION: LATIN AMER

ENERGY SUPPLY TABLE
{UNITS=EXAJOULES (Jei1CesiB))

oIL GAS SOLIDS NUCLEAR SOLAR HYDRO TOTAL
CONVENTIONAL. 25,13 17.47 2. 41 3.70 2.27 20.44 74.42
UNCONVENT IONAL « 08 .00 4.02 N/A N/R N/A 4,06
TOTAL PRIMARY 26.17 17.47 6,43 S5.70 2. 27 —20. L1 78.68
SYNFLELS - 36 - 00 =. 34 . 00 - Q0 .00 - 36
TOTA. SUPFLY 24.33 17.67 S5.88 5.70 2.27 20.44 768,50

PRIMARY ENERGY DEMAND TABLE
(UNITS=EXAJOULES {(JelOss18))

oI A8 SOLIDS NUICLEAR  SOULAR HYDRD TOTAL
ELECTRIC PIMWER 7.44 5.42 15.60 5.70 2.27 20.44 54,87
END—USE DEMAND  27.4S 9.08 5.5 .00 « 00 .00 42,68
TOTAL DEMAND 3%.09 12.%50 21.53 3.70 2.27 20. 44 97.55

REF INABLE ENERGY DEMAND TABLE
(UNITS#EXAJOULES (J=102+18))

Q1L BAS S0LIDS NUCLEAR SOLAR HYDROD TOTAL
ELECTRIC PUWER 7.63 3.42 14,28 S5.70 2.27 20, 44 53.74
END-USE DEMAND 28.34 7.08 S5.43 - .00 « GO - 00 4Z.87
TATAL DEMAND 335.% 12.%0 i9.73 3.70 2.27 20.484 F6.41
TOTAL. SUPPLY 26,33 17.47 3.80 S5.70 2.27 20.44 78.30
NET H‘IPORTS' G, 43 =3.17 13.83 .00 . - 00 -0 18.11

SECONDARRY EMERBY DEMAND TABLE
(UNITS=EXAJOULES (J*#10%218))

LIQUIDS BASES SOLIDS® ELECTRIC TOTAL
EMD~USE DEMAND 28. 34 9.08 5. 45 15.352 ia.39
TOTAL DEMAND 28.734 9.08 5. 4% 15.352 58. 39
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TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)
(2=NOPT(5)

e RHE BG Y ROOVRT TR Dy ARLEa T BT ol
rBezd e apeiBtidad iRt RdiRandaapndad

REGION: S.%E. ASIn

ENGRG ¢ SWEFLY TalLE
(LINITS ~EXRIDMILES (J#10wa (R

aIL GAS SOLIDS  NUCLEAR  GOLGR Hy RO TOTHL
CONVENT [DNAL &.70 8.87 “---.';’: -—-.:::_2:- “..2_:-1_ “:;;:’- --:;- ;;-
UNCUNVENT LONAL .04 .00 5,09 s M/ A N/ I I
IDTAL. PRIMARY 6.74 a.07 S, 07 S.26 A ) 12.9% LT ::-
SYNFLELS B .00 -. 43 00 .0 LA .27
TOTAL SUFPFLY 7.02 8.87 4. b5 5.26 :.;: 12,93 40.86

PRIMARY EHERGY DEMND TABLE
(UNTTS=EXAJOULES (J#1Qe#18))

4318 GNS SOUIDS HUCLEAR SOLAR H1 DRN TOTAL
ELECTRIC FOWER 2.9 3.19 14.57 . 2é .10 12,93 - 40,59
EHD-USE DEMAND 12.5% 3.49 18. 46 B SO0 . O pr L
TOTAL DEMAND 15.897 b. 89 35.03 S. 56 Z2.19 12.93 76.08

REFIHABLE ENERGY DEMAND TRELE
(UNITS=EXAJOULES (Jetnesin))

(L} { N GAS SOLIDS NUCLERR SOLAR Hi RO TUTAL
ELECTRIC FOWER 3.09 “"‘3. 19 13.54 S. 08 2. 10- “"“']‘;:;;‘ __;';:':Z“
END -USE “DEMAND 13.5% 3.70 16.90 B . ) B 4.7
TOTAL. DEMAND 14.568 b.89 0. 24 S5.3¢ 2. “‘:.“ 12.9% ?4._1.:-
TOTAL SUFFLY 7.02 e.87 4,66 T.26 o L 12,93 8. D3
NET IMFORTS ‘?.6&_ -l.‘?ﬂ— --25.59_ - (0 OO0 .00 i 33.;;*.

.

SECONDARY ENERGY DEMAND TABLE
(UNITSsEXAJOULES (J#l0esiB))

LIRUIES LHSES S 105 ELETTFIC 1ernu
END-USE DEMAND 12.359 370 14,9 11.6& 45.035
TOTAL DEMNL 13.5% .70 16.99 11.6+ 4%5.8%

(201)
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.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)
(2=NOPT(5)

~uSy ENERGY FRODUCT IOH AMD UGAGE HEFOI

nlnlalae-npqnnnlalluugrqallcrn smapeendE
REGIDN: UShA

ENERGY SUMFLY JAELE
(LNITS=EXAJOULES (JeloeelB))

oIL GAS soLIDS NUCLEAR SOLAR HDRO TOTAL
CORIVENTIONNAL .09 27.78 o VH2 14.50 g.47 5,07 55,50
LRCONVER T 1ONAL .09 .0 2.75 M/ A FLY H-& o -t |
TOTAL. FRIMARY .18 27.78B 2.50 16.90 8.a7 6.7 &s. 57
SYNFUELS -] .02 ~-.5& .0 O .M .o
TOTRL SUFRFLY - S35 7.8 LY L. FL 8.87 &, 29 [C
PRIMARY EMERG DEHM/WND ThRiLE
(UNITS=EX&JOULLES {JeloesiBn
DiL GAS s 105 tJCLF AR SOLIHR HyDFN TOTAL
ELECTRIC POWER 7.90 14,99 44,09 ib. 70 B8.87 &.27 99 .54
RES I DEN -COMMERC &.323 11.141 .37 QM 00 - (Wl i7.91
THOUSTREIAL 4.50 2. T 4,95 L QM - FH) L t1.e2
TRANSPORT 0,79 .00 .0 .00 .00 L 0,79
TOTAL DEHMAND 39.26 =8.43 S0.11 1b. 50 8.87 & 29 145,87
REF 1NABLE ENERGY DEHAND TABLE
(UNI‘I’S-E:AJOLR_ES (JejQes]B)}
oiL GAS SOLIDS NUCLEAR SOLMR HY OR0 TOTAL
ELECTRIC FDWER .29 12.01 4. 90 1&£.7%0 8.87 &. 27 91.2%
FESIDEN-COMHERC 7.3I7 11-1Z .45 L 0 .00 L 1A, 9
THOUSTRIAL 5. 09 2. = 3.87 Y] . Q0 . 11.31
TRAHSPORT 24,44 - O - O o O - NG L] =4,44
TOT. DEMAND 46. 15 ~8. 48 39.01 146,90 g.87 &7 145.90
TOTAL SUPPLY - 27.80 2.00 16.70 8.87 &6.29 .8
MET I[HIrORTS 4%, 62 .68 7.2 .t L0 Bl BI.os

SECONDNRY ENERGY DEMAND TADLE
(UNITS-EXAJOULES (Jer0eal8ii

LIicuIns GASES SOLIDS ELECTRIC TOTRL
RES [ DEN-COFMMERC 7.23 .45 14.51
1NDUSTRIAL 5.09 5.87 11.87
TRANSFORT 4,44 M na
YOI AL DEMAND 34,86 . 4,72 ol o
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-
TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)

( 2=NOPT(S)

UL EHERGY TLRULUCTTUW AL UsiaGl FERDR

AP bssvTdEre 1IN0 st dUN RS INITNSHID O ¢adNuad
REGTME:  IAdADA * FiR

EMERGY SUPTLY TAOLE
{UHITS=EXAJOULES (JaluseiB))

oIL GAS SOL1IDS tNICLEAR SoLAnR Hy DRO TOTRL
CONVENT TUNAL .22 17,95 L 00 --l:. o] i [ e __12.'2"-1 53.‘;;—
UNCONVENT [ENAL -7 QL) S.80 Nt A H7#é el S.e%
ToTAL FRIMARY  @.3T  17.95  5.80  12.95 .43 1n.ee  Se.8D
SYNFUELS .80 .08 b -0 ) LD a3
TOTAL SUPFLY 10.12 13.99 4,54 12.33 b.4z ‘-.-l.-'.‘:'-.l;- *;;::I_

FRIMARY ENERGY DEMAND TABLE
(UNITS=EXAJOLLES (J#10ae18))

oIL GAS SaL1IDS HOCLENAR SOLAR HY DRO TN
ELECTRIC PIAMER =15 19.80 26,90 12.25 &.43 tz.n8 T1.62
RESLDEN- COMMERTC .78 &.08 2.%51 - OC L 00 N .57
INHDUSTRIAL .72 T.24 7.37 .00 O LY 18.352
TRANSFORT 4.7 +00 .07 B ] g 4,84
TOTAL DEMAND i3.61 4,11 h.Bé 12.25 4. 43 -.08 W7.73

REFINABLE ENERGY DEMAND TARLE
(UNITS=EXAJOUNES (J=10#e18)}

) oI GAS SOLIDS NUCLEARR STAR HYDRO TOTil

ELECTRIC FOWER .53 10.899 21. 08 12.25 &.43 12.:8 be. 27

RES I DEN-COMMERC 4.23 &.13 1.97 .00 00 0 12.72
INDUSTRIAL 4.28 7.30 5.77 QD L On RUY 17,45
TRANSFORT 5.73 SO0 .06 L0 .00 R .77
TOTAL DEMAND 17.47 24,32 26.85% 12.3T b.43 12.08 101,79

_ TOTAL SUPPLY 10.12 13.99 4.54 12.25 6.43 12.08 57.41
NET IMFPORTS 7.3 10,3 24.31 . Q0 .0 ] 41.79

SECONDARY ENERGY DEMAND TADRLE
IUNITSSEXAIDULES (JsiQws18);

LICUIDS GASES SOL D% ELECTRIC TaTAL
RESIDEN-JOr™ERC 4.23 & 12 1.77 5,54 17.87
INDUSTRIAL 4.78 7.0 .77 12..28 Tu. B2
TRANSFORT [parin - 1K) ol P 5.0%
TOTAL DEMANDG 15.94 P i 7.7% te. 18 54, T4
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TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)
(2=NOPT(5)

20540 ENERGY PRODUCTION AND USAGE REPDRT
LA 2 2 R P Y Y Yy Y S 2T Y Y Ty,

REGIDN: DECD PACIFIC

ENERGY SUFPLY TABLE
(UNITS=EXAJOULES (J#10ws18))

oI GAS souliDs NUCLEARR SOLAR HYDRO TOTAL
CONVENT TONAL 09 4,22 » 00 3. 91 3.10 2.63 15.9%
UNCONVENT 1DNAL .09 + 00 1.22 N/A N/A N/A 1.313
TOTAL PRIMARY 217 4.22 1.22 5.91 .“-_3.10 2_;;— 17.26
SYNFUELS .17 .01 =.27 « 00 - 00 - 00 .18
TOTAL SUPPLY 34 4.23 .96 5.71 3.10 2.63 17.17

PRIMARY ENERGY DEMAND TABLE
(UNITS=EXAJOUNLES (Je1Oae18))

QIL GAS SOLIDS NUCLEAR SOLAR HYDRO TOTAL
ELECTRIC POWER 3.12 2.89 13.4% S.71 3.10 2.463 35.374
RESIDEN-COMMERT 2.39 3.43 1.15 .00 - 00 «~ 00 7.1&6
INCUSTRIAL 1.70 2.20 .55 =00 <00 + 00 .43
TRANSPORT 3.82 - 00 .11 - 00 .00 . OO 3.93
TOTAL DEMAND .22 8.32 21.47 5.7 3.10 2.63 52.88

REF INABLE EMNERGY DEMAND TABLE
(UNITSEXAJOULES (Je10es18))

OIL GAS SaLU1Ibs NUCLEAR SOLAR HYDRD TOTAL
ELECTRIC FOWER 3.468 2.92 12.38 S5.91 3.10 2.63 Jo.52
RES1DEN-COMMERC 3.0% 3. 48 .90 DO .00 .00 7. A0
INDUSTRIAL Zz.00 .22 3.54 . 00 -0 . () 7.77
TRANSFORT 4.31 - 00 .08 . DO - 00 00 4.560
TOTAL DEMAND 13.24 8. 40 14.80 3.91 3.10 Z2.6% 0. 29
TOTAL SUPPLY - 34 4.23 .98 3.94 3. 10 2.463 17.17
NET IMPORTS 12.% 4,37 15.8% 00 - 00 + O0 3.2

SECONDARY ENERGY DEMAND TABLE
(UNITS«EXAJOULES (JetOeelB))

LIOUIDS GASES SOLIDS ELECTRIC TaTaL
RES [ DEN-COMERC 3.08 3. 44 - 90 3.322 10,72
INDUSTRIAL 2.00 2.2 .2 ) 5.20 13.07
TRANSFORT 4,31 .00 - 08 .27 4.84
TOTAL DEMaND 7.534 . &8 4,57 g.89 ~8.635
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TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)
{2=NCPT(5)

2050 ENERGY PRODUCTION AND USAGE REPORT

LA SRS GRE S 2 2 22 2 2 223 T ¥ XN N
REGIONt USSR/E. EUR.

ENERGY SUFFLY TABLE
(UNITS=EXAJOULES (Jel10Oes1d))

oIL GAS SOLIDS NUCLEAR SOL AR HYDRO TQ1AL
CONVENTIONAL 25.74 44,43 242,30 &8.91 3.63 17.01 J42.02
UNCONVENT 1 ONAL .08 .00 3.79 N/& N/A N/A 3.87
TOTAL PRIMARY 26.82 45,43 246,09 &. 71 3. 63 17.01 344,90
SYNFUELS 33.81 1.8 ~-53.50 .00 .00 .00 35.47
TOTAL SuPPLY &0.463 48,29 192.59 6.71 3.63 17.01 329.0s
PRIMORY ENERGY DEMAND TABLE -
{UNITS=EXAJOULES (Je10ew18) )
oI GAas SOLIDS NUCLEAR  SOLAR HYDRO TOTAL
ELECTRIC POWER 3.93 2.97 24.19 6.91 3.63 17.01 58. 64
END~USE DEMAND 9.18 22.39 17.02 .00 .00 .00 48,59
TOTAL DEMAND 13.1t 25.37 41.21 &. 91 J.43 17.01 107.23

REF INASBLE ENERGY DEMAND TABLE
(UNITS=EXAJOULES (J#10ws18))

. on BAS SOLIDS NUCLEAR SOLAR HYDRO TOTAL
ELECTRIC POWER a.e9 3.0% 18.93 ° &.9) 3.863 17.01 58. 46
END-USE DEMAND 20.74 23.2¢9 13.32 .00 .00 .00 37.33
TOTAL DEMAND Z29.563 246.38 32.33 6.71 3. 463 17.01 115.81
TOTAL SUP.PLY 60,463 48. 29 192.5%9 &.91 3.63 17.01 329,04
NET IMPORTS -31.00 -21.91 -160,34 - 00 .00 .OO_- -2!'5:,'.:;“

SECONDARY ENERGY DEMAND TABLE
(UNITS=EXAJOWLES {(J*i0se1B)}

LiQulos GASES SOLIDS ELECTRIC TOTAL
END-USE DEMAND 20,74 23.29 13.32 16.98 74.31
TOTAL DEMAMD 20.74 23.2% 13.32 14.95 74,31
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CONVENT IONAL
UNCONVENT 1 ONAL

TOTAL PRIMARY
SYNFUELS
TOTAL SUPPLY

ELECTRIC POWER
END—USE DEMAND

TOTAL DEMAND

- ELECTRIC POWER
END-USE DEMAND

TOTAL DEMAND
TOTAL SUuPPLY

NET IMPORTS

184

(2=NOPT(5)

2050 ENERGY FRODUCTION AND USAGE REFQRT
b Al bl L T S T Y T N

REGIONt CHINAZET.AL.

ENERGY SUPFLY TARLE
(UNITS=EXAJOULES (Je10s+18)}

REGIONAL ENERCY BALANCE TABLES FOR PERIOD M (Continued)

oIL GAS SOLIDS NUCLEAR  SOLAR  MYDRO TOTAL
9.19 7.21  1%0.22 9.75 s, 12 19,2 170.78
.12 .00 5.83 N/A N/A N/a 5.75
9.32- 7.21 12%5.85 ?.75 ‘“—5_,-;‘2—_ 19.29 176.53
17.29 WS =273 .00 .00 .00 18.24
26,41 a.ls 98, 4% ?.75 %5.12 £9.29 167.41-,
' PRIMARY ENERGY DEMAND TABLE
{UNITS=EXAJOULES (Jslomeyg)) -
oiL Bas SOLIDS NUCLEAR  SOLAR  HypRO TOTAL
&5.18 4.15% 34.12 ?.7%5 5,12 19.29 78. 61
12.06 18.70 S4.95%5 + 00 - 0 « OO 86.71
18.24 23.8% av.07 9.75  s.12 19.29 163,32
REFINARLE ENERGY DEMAND TABLE
(NITS=EXAJOLRLES {Jelose 1))
oIL GAS SOLIDS  WUCLEAR  SOLAR  HYDRO TOTAL
13.54 4. 35 24,70 9-;5_ S.12 i9.79 FT7.76
24.49 - 20.7) 43,00 .00 o ) 88. 19
37.02 3.07 &%.70 "'"9- -1 5.12 19.29 165.9%
24,414 8.1& 8. a9 ?.73 S.12 9.9 167.2a]
10.42 146.91 =28.78 .00“ .O;- - OO _“:1. LT3
SECONDARY ENERGY DEMAND TARLE
(UNITS=EXAJDULES (Jeinee18))
LioulD GASES SOLIDS ~ ELECTRIC TataL
END-USE DERAND  24.49 20,71 4300 z2.36 110,76
204 reom asies TmiT 10,78

TOTAL DEMAND
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TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)
; (2=NOPT(5)

P

. ‘ 2050 ENERGY PRODUCTION AND USAGE REPORT

[T ST TS SN YRTNYHL YT H S T Y S O,
REGION: MIDDLE EAST

ENERGY SUPPLY TABLE
(UNITS=EXAJOULES (J#10es18))

oIL BAS SOLIDS NUCLEAR SOLAR +HYDRO TOTAL
CONVENTIDNAL 108. &4 £2.09 .03 a.92 4,48 2.08 154, 44
UNCONVENT IONAL .14 « 00 .29 N/A N/A N/ 1.44
TOTAL PRIMARY 108.81 42.09 1.32 8.92 4.68 2.08 167.91
SYNFUELS + 00 - 00 -.01 .00 « 00 .00 0]
TOTAL SUPPLY 108.82 42.09 1.31 8.9%2 4,68 2.08 167.90
PRIMARY ENERGY DEMAND TABLE
(UNITS=EXAJOULES (Je10#218)) -
aIL BGAS SOLIDS NUCLEAR SOLAR HYDRO TOTAL
ELECTRIC POWER 1.2 4.03 15.42 B.92 4,468 2.08 I&.38
END-USE DEMAND 18.71 7.02 2.03 .00 - 00 .00 2T7.76
TATAL DEMAND 19.93 11.05 17.45 B.92 4,48 2.08 b4.13
REF INABLE ENERGY DEMAND TABLE
(UNITS=EXAJOLLES (J#l0s=19))
2} ¢ BAS S IDS NUCLEAR SOLAR HYDRO TOTAL
ELECTRiC POWER 1.25 4,03 12.31 8.92 4. 58 2.08 35.27
END-USE DEMAND 18.71 7.02 1.62 - 00 + 00 .00 27.35
TOTAL DEMAND 19.94 11.0% 13.93 8.92 4,48 2.08 &0.,462
TOTAL SUPPLY 108.082 42,09 1.38 8.92 4,48 2.08 147,90
NET IMPORTS ~86. 84 -31.03 12.63 - 00 + 00 «00 =107.28

SECONDARY ENCRGY DEMAMD TABLE
(UNITS=EXAJOULES (J#iOss1B))

LIGUIDS  GASES SOLIDS ELECTRIC  TOTAL

END-USE DEMAND 18,71 7.02 1,82 9.73 37.08

TOTAL DEMAND 18.71 7.02 1.62 9.73 37.08
(207)
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TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Coantinued)
(2=NOPT(5)
20%0 ENERGY PRODUCTION AND USAGE REPORT
QQIBD..II‘.C..QQH'CO.GI..I.GIO['QDDDBHO
REGIONY AFRICA
ENERGY SUFPLY TABLE
(UNITS=EXAJORES (Je104s1B82)
o1L BAS  50LIDS NUCLEAR  SOLAR HYDRO  TOTAL
CONVENT IONAL 23.30 9.42 20.63 6,51 3.47 24.42 F0.26
UNCONVENT 108AL .14 .00 6.30 N/A N/A N/A 6.45
TOTAL PRIMARY  IS5.44 .62 26,93 s.81 3.47 24,42 9s.71
SYNFUELS 3.70 .20 -5.86 .00 .00 .00 3.90
TGTAL SUPPLY 29.34 ?.83  21.08 6.61 3.47 24.42 94,73
PRIMARY ENERGY DEMAND TABLE
(UNITS=EXAJOULES (Je+10++18))
oI BAS  SOLIDS  NUCLEAR  BOLAR HYDRO TOTAL
ELECTRIC POWER  6.79 2.91 23.16 &.81 .47 24.42 67.38
EMD—ISE DEMAND 14.09 12.34 i9.461 - 00 « 00 + 00 44.04
TOTAL DEMAND 20.89  15.25  42.79 5.61 3.47 Z24.42  113.43
REFINABLE ENERBY DEMAND TABLE
(UNITS=EXAJOULES (Jel0es1B8))
ot 6AS  SOLIDS NUCLEAR  SOLAR MYDRO  TOTAL
ELECTRIC POMER  7.77 2.9% 18. 14 8.61 3.47 24.42  63.38
EMD-USE DEMAND  15.13 12.58 18.35 .00 .00 .00 44.03
TOTAL DEMAND 23.90 15.354 33.48 &.61 3.47 24,42 107.44
TOTAL SUPPLY 29.34 9.83 21.08 5.61 3. 47 26.42 94,75
NET 1MPORTS -5, 44 .71 12.41 .00 .00 .00 12.68
SECONDARY ENERGY DEMAND TABLE
{UNITS=EXAJOLAES (Jei0ee18))
L1euips BASES SOLIDS  ELECTRIL  TOTAL
END~USE DERAND 16.13 12.58 13,23 18.42 6z, 47
TOTAL DEMAND 16.13 12.50 13.33 18. 42 62, 47
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TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD ¥ (Continued)
{2=NOPT(5)

20%0 ENERGY PRODUCTION AND USAGE REPOURT

P T Y T T T Y RS R L Y ey L 2
REGIONT LATIN AMER

ENERGY SUPFLY TABLE
(UNITS=EXAJOULES (J#10=#18))

oIt GAS  SOLIDS NUCLEAR SOLAR  HYDRO  TOTAL
CONVENT [ONAL 21.87  13.31 3.72  14.85 7.49  22.14  83.38
UNCONVENT IONAL «13 « 00 8.03 N/A N/A N/& B8.1&
TOTAL PRIMARY 22.00 13.31 11.73 14,4695 7.469 22.14 91.54
SYNFUELS 1.61 .09 -2.55 « 00 -_00 L 00 1.70
TOTAL SUPPLY 23,81  13.39 9.20 14,45 7.69  22.14  90.49
PRIMARY ENERGY DEMAND TABLE

(UNITSSEXAJOULES (J#10e#18)) -
o1L 8a8  SOLIDS NUCLEAR SOLAR  MYDRO  TOTAL
ELECTRIC POWER ib.66 6.30 51.29 14.465 7.6%9 22.1% 118.94
END-USE DEMAND 31.1% 11.42 8.72 . 00 - 00 « 00 51.29
TOTAL DEMAND 47,81 17.92 &0.01 14. 43 T.69 22.14 170.23

REF INABLE ENERSY DEMAND TABLE
IUNITS=EXAJOULES (Jel0ae18))

: oIk GAS SOLIDS NUCLEAR SOLAR HYDRO TOTAL
ELECTRIC POWER 18.73 &. 36 40,14 14.56% 7.6%9 22.14 109.92
END-USE DEMAND  35.02 11.52 &.82 . +00 .00 00 %3.37
TOTAL DEMAND 53.75% 18.08 4£6.97 14.63 7.46%9 22.14 163.29
TOTAL SUPPLY 23. 61 13.3% ?.20 14,45 7.69 22.14 0. 49
NET IMFORTS 30.14 4,49 37.77 .00 .00 « 00 72.460

SECONDARY ENERGY DEMAND TAELE
(UNITS=EXAJOULES (Je10we18))

LIQUIDS GASES SOLIDS ~ ELECTRIC TOTAL
END-USE DEMAND  33.02 11.82 6.82 31.09 s.26
. TOTAL DREMAND 33.02 11.32 6.82 31.8%9 5.8
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TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)
(2=NOPT(S)

2050 ENERGY PRODUCTION AND USAGE REFORT
Q&lebo!!ci.oiikilbl!.ﬂ!IIll!.l"il!ﬂtlﬁ

REGION: S.%E. ASlA

ENERGY SUFPLY TRBLE
(UNLTSsEXAJOULES (Jelows18))

oIL 6AS SOLIDS MNLCLEAR SOLAR HYDRO TOTAL
CONVENT IONAL 1.99 2.19 .08 12.24 .42 14,09 34.96
UNCONVENT 1ONAL .13 . Q0 10.16 N/A N/A N/A 10.29
TOTAL PRIMARY 2.12 2-19 10.19 12.24 6.42 14.0% 47.25
SYNFUELS 1.40 .08 2,22 .00 .00 .00 1.48
TOTAL SUPPLY 3.52 2.26 7.98 12.24 6. 82 14.09 46,351
PRIMARY ENERGY DEMAND TABLE
{UNETS=EXAJOULES (Je10s+18)) -
aIu BAS sOL10S NUCLERR SOLAR HYDRO TOTAL
ELECTRICT POWER 5.37 5. 84 43,35 12.24 6. 42 14,09 8b.%0
END-USE DEMAND 12.92 &5.85 29. 40 00 . 00 + 00 47.17
TOTAL. DEMAND 18.29 12.28 72,73 12,24 b. 42 14.09 136,07

REFINABLE ENERGY DEMAND TABLE
(UNITS=EXAJOULES (J=10e818))

a AS  SOLIDS NUCLEAR  SOLAR  HYDRO TOTAL
ELECTRIC POWER 6.57 5.54 33.92 T 12.24 542 14.09 "re.79
END-USE DEMAND  15.83 6.98 23.01 .00 .00 .00 as.82
TOTAL DEMAND 22.40 12.52 sa.v;— 12.24 5.42 14,09 124.61
TOTAL SUPPLY 3.52 2.26 7.98 12.24 5,82 14,09 45,51
w1 eonts 16,88 1o.26 48,9 oo oo < oo 78.0%

GECDNDARY ENERGY DEMAND TABLE
(UNITS=EXAJOULES (Je10=2s1B)?

LIQUIDS GASES SOLIDS ELECTRIC TOTAL
EMD-USE DEMAND 15.83 &.98 23.01 o317 &8, 94
TOTAL DEMAND 15.83 &. 98 23.01 23012 6B .74

{210)



189

- TABLE 7.7. REGIONAL ENERGCY BALANCE TABLES FOR PERIOD M (Continued)
(2=NOPT(5)

2075 ENERGY PRODUCTION AND USAGE REFORT

P Y X T T YT Y Y TR AT TP Sy
REGIOMN: USa

ENERGY SUPPLY TABLE
(UNITS=EXAJOULES (J#10ne18))

aIL GAS SOLIDS NUCLEAR SOLAR HYDRO TOTAL
CONVENT IONAL - 13 12.36 - 00 29.786 11.49 b.28 60.43
UNCONVENT [ONAL 13 00 3.52 N/A N/7A N/A 3.67
TOTAL PRIMARY 31 12.56 3.52 29.76 11,69 4.8 &%, 12
SYNFUELS .76 «13 -1.33 00 « 00 .00 .88
TOTAL SUPPLY 1.07 12. 49 2.19 %.76 11.4% &.28 63.468

PRIMARY ENERGY DEMAND TAELE
‘ (UNITS=EXAJORES (J#10ws18)}

oIL BAS SOLIDS NUCLEAR SOLAR HYDRO TOTAL
ELECTRIC POWER 3. 40 12. 468 &7.75 29.78 11.6%9 6.28 133.56
RESTDEN-COMMERC 3.81 10.03 -71 «O0 .00 . 00 14.55
INDUSTRIAL 2.34 1.53 S.22 + 00 .00 .00 9.09
TRANSPORT 13.23 <00 «00 « Q0 « 00 .00 15.23
TOTAL DEMAND 26.78 24.24 73.68 29.786 11. 4% &.28 L72.43

REFINABLE ENERGY DEMAND TABLE
(UNITSsEXAJOULES (Js10s#18))

- . oI 8AS  SOLIDS MUCLEAR SOLAR  HYDRO  TOTAL
ELECTRIC POWER  9.77  12.80  42.19 '29.78  11.69 6.28  112.50
RESIDEN-COMMERC  4.89  10.13 .44 .00 .00 .00 17.46
INDUSTRIAL 4.23 1.54 3.25 .00 Q0 + 00 ?.02
TRANSPORT 27.33 .00 « 00 « 00 - 00 - 00 27.33
TOTAL. DEMAND 48.43 24,47 43.99 29.76 - 11.869 .28 166,52
TOTAL SUPPLY ’ 1.07 12. 6% 2.17 29.78 11. 69 4.8 63.68
NET IMPORTS 47.37  11.78 43,70 .00 .00 .00 102.85

SECONDARY ENERGY DEMAND TABLE
(UNITS=EXAJOULES (J#10e¢s1B))

LIQuIDs GASES sSOL 108 ELECTRIC TOYAL
RES | DEN-COMMERT b, 89 10. 13 A4 17.98 JI5. 44
INDUSTRIAL 4,2 1.354 3.25 14.72 23.74
TRANSPORT 27.33 .00 .00 .08 27.61
TOTAL. DEMAND 38. 466 lf 67 J. 4% 32.74 B&. 79
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TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)
(2=NOPT(5)
207% ENERBY PRODUCTION AND USAGE KEFUI(T
e YT SIS YIRS SR R L R S22 YN S g
REGION: CANADA & EUR
EMERGY SUFPLY TABLE
(UNITS=EXAIULES (Je108+18))
oIL 8AS SOLIDS NUCLEAR  SOLAR HYDROD TOTAL
CONVENT IONAL. 6.38 .00 .00 24,94 9.80 12.03 =3.16
UNCONVENT LONAL .16 .00 7.89 N/A N/B N/A 8.05%5
TOTAL PRIMARY 6.54 .00 7.89 24.94 9.80 12.03 b1.21
SYNFUELS 1.70 .29 -2.98 .00 .00 .00 1.98
TOTAL SUPPLY a.28 .29 4.92 24.94 9.80 12.03 60.22
FRIMARY ENERGY DEMAND TABLE
(UNITS=EXAJOULES (JejOose18)) .
oI GAS SOLIDS MNUCLEAR  SOLAR HYDRO Totay
ELECTRIC POWER 2.73 10.45 446.58 24,94 7.80 1Z2.03 104.51
RESIDEN-COMMERC 2.73 5.7 3.0 .00 .00 .00 11.73
INDUSTRIAL 2.57 5.07 .19 .00 .00 .00 15.83
TRANSPORT 3.92 .00 .13 .00 .00 .00 4.05
TOTAL DEMAND 11.95 21.26 58,14 24.94 9.80 12.03 138.12
REFINABLE ENERGY DEMAND TABLE
(UNITS=EXAJOULES (Jei0we18))

) oI gas SOLIDS MNUCLEAR  SOLAR HYDRO TOTAL
ELECTRIC POMWER 4.09 10.48 29.00 24.94 9.80 12.03 90.54
RESIDEN-COMMERC  4.09 s.87 2.03 .00 .00 .00 11,99
INDUSTRIAL .83 5.18 %.10 00 . 00 . 00 14,13
TRANSPORT =.87 .00 .08 .00 .00 .00 5.95
TOTAL DEMAND 17.91 21.73 346.21 24.94 2,80 12.03 122.82
TOTAL SUPPLY g.24 .29 4,92 24.94 9.80 12.03 £0.22
NET IMPORTS 9. 6b 21.44 31.09 .00 .00 .00 562, 40

SECONDARY ENERGY DEMAND TABLE
(UNITS=EXAJOULES (Jei0=eiB))
LIBUIDS GASES S0LIDS ELECTRIC TOTAL
RES [DEN-CDMMERC 4,09 5.87 .03 7 .49 19. 48
INDUSTRIAL 3.85 %. 1B 5.10 18.%0 32,64
TRANSPORT s.87 .00 .08 . 40 &.15
TOTAL DEMAND 13.81 11,48 7.21 6,39 S8, 47
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TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)
(2=NOPT(5)

207% ENERGY PRODUCTION AND USAGE REFORT

T TY T T IT YT T TR T T T ¥ TY ¥ P e
REGION: OECD PACIFIC

ENERGY SUFFLY TABRLE
[UNITS=EXAJOULES (J*=10es18})

oIl GAS SOLIDS NUCLEAR SOLAR HYDRO TOTAL
CONVENT T0ONAL, .13 .00 .00 11.24 4.44 .63 10.58
UNCONVENT 1ONAL .15 .00 1.6%9 N/A N/A N/A 1.84
TOTAL PRIMARY -30 .00 1.49 11.34 4,46 2.483 20.432
SYNFUELS «3h .08 ~. b4 . Q0 .00 <00 .42
TOTAL SUPFLY - 06 1.0% 11.34 4,48 2.43 20.20
FRIMARY ENERGY DEMAND TABLE -
(UNITS=EXAJOULES (Je10#21B)}
OIL &AsS SOL1DS NUCLEAR SOLAR HYDRO TOTAL
ELECTRIC POWER 2.30 ° 2.358 25.95 11.34 4. 486 2.63 A9.7&
RESIDEN-COMMERC 1.63 .26 1.350 .00 .00 . 00 &.41
INDUSTRIAL .98 1.34 S.12 + 00 .00 - 00 7.65
TRANSPORT =.72 .00 .19 .00 .00 « 00 .90
TOTAL. DEMAND 7.63 7.39 32.74 11.34 4,434 .63 68,212

REF INABLE EMERGY DEMAND TABLE
(UNLTS#*EXAJOULES (J+10++1B))

[} {8 GAS SOLIDS NUCLEAR S0OLAR HYDRO TOTAL
ELECTRIC FOWER 4.16 Z.63 1&6.146 11.74 4.46 2.63 41.37
RESIDEN-COMMERC 2.97 3.31 74 . OO .00 .00 7.22
INDUSTRIAL 1.77 1.57 3.19 .00 . 00 + 00 6,53
TRANSFORT 4,91 - 00 « 12 » W) L] . 00 5.02
TOTAL DEMAND 13.81 7.351 20.40 11.34 4. 46 =563 &0.15
TOTAL SUFFPLY +hé .04 1.035 11.34 A. 84 2.63 20.27
NET IMPORTS 13.14 7.45 19.55 .00 .00 - 00 39.94

SECONDARY ENERGY DEMAND TABLE
(UNITS=EXAJOULES (JeiQes18))

LICulDS GASES SaLIDS ELECTRIC TOTAL
RES IDEN-COMMERC 2.97 .31 L) 4,43 11. 45
INDUSTRIAL 1.77 .57 .19 7.21 12.P3
TRANSPORT 4.9t .00 .12 oy 3.39
TOTAL DEMAND 9.463 4.88 4.2 LA S~ § § 30.88
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REGIONAL ENERCY BALANCE TABLES FOR PERIOD M (Continued)

TABLE 7.7.
(2=NOPT(5)
2075 ENERGY FRODUCTION AND USAGE RFFORT
BOOARILORRRIICHARPNSERE PR AR RIOREROESE [ ]
REGION: USSR/E. EUR,
ENERGY SUPPLY TABLE
(UNITS=EXAJOULES (J#10+#18))
on. GAS SOLIDS  NUCLEAR  SOLAR HYGRQ TOTAL
CONVENTIONAL 2.89 .00 391.85 12.04 4.74 17.05 478,39
UNCONVENT LONAL, .14 .00 5.10 N/& N/A N/A 5.23
TOTAL PRIMARY 3.02 .00 396.7% 12.06 a.74 17.05 4T3 42
SYNFUELS 5.3 14,53 -149.54 .00 .00 .00 99,78
TOTAL SUFPLY 88. 2% 14,535 247.11 12.06 4,74 17.05  383.74
PRIMARY ENERGY DEMAND TABLE
(UNITSeEXAJOULES (J#108418))
o1 GAS SOLIDS  NUCLEAR  SOLAR HYDRO TOTAL
ELECTRIC POWER .32 .80 36.03 12.08 4.74 17.05 71.00
END-USE DEMAND .63 .99 20.29 .00 .00 .00 cs.92
TOTAL DEMAND .9 5.80 56,32 12.08 4.74 17.05 97.92
REFINABLE ENERGY DEMAND TAELE
(UNITS=EXAJOULES (Jel10#s18))
oIL 8AS SOLIDS NUCLEAR  SOLAR HYDRO TOTAL
ELECTRIC POWER 9.37 .32 22,44 12.08 4.74 17.05 &B. 1B
END-USE DEMAND  18.53 18.87 12,44 .00 .00 .00 50.0%
TOTAL DEMAND 27.90 21.39 35.08 12.06 4.74 17.05  118.22
TOTAL SUPPLY 86.25 14,535  z47.11 12.06 a.74 17.05 3B3.74
'NET IMPDRTS ~60, 35 4.85 ~212.03% .00 .00 00 -365.53
SECOMDARY ENERGY DEMAND TARLE
(UNITS®EXAJOULES (Js10e018))
LIQUIDS GASES SDLIDS  ELECTRIC TaTAaL
END-USE DEMAND 18.53 18.87 12,64 19.86 &9.89
TOTAL DEMAND 1B. 53 18.87 12,48 19. 86 &9.89
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w TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)
{ 2=NOPT(5)

2075 ENERGY FRODUCTION AND USAGE REFORT
LALEZ I IR S TTT T Y LY T T Y g

’
REGIDN: CHINA/ET.AL.

ENERGY SUPPLY TABLE
(UNITS=EXAJOULES (J=10en18))

oIL GAS SN IDS NUCLEAR SOLAR HYDRO TOTAL
CONVENTIONAL .00 12.03 212.83 22.61 8.aa 19.72 276.07
UNCONVENT 10NAL .28 « 00 8.93 N/A N/A NsA ?.21
TOTAL PRIMARY .28 12,03 221.76 22.61 g.88 19.72 ze5.8
SYNFUELS A7 .64 8.12 ~83. &4 00 « 00 00 23.76
TOTAL SUPPLY 47.%92 20.16 138.12 22.81 8.88 19.72 237.40
PRIMARY ENERGY DEMAND TARLE
(LNITS=EXAJOULES (J*iCu#18)) -
oIL GAS SCLIDS NUCLEAR SOLAR HYDRO TOTAL
ELECTRIC POWER .10 3.24 &7.52 22.461 8.88 19.72 122,07
END-USE DEMAND .15 14.58 73.34 .00 .00 - 00 90.07
TOTAL DEMAND « 24 17.82 142.86 22.61 8.668 19.72 212.14

REF INABLE ENERGY DEMAND TARLE
(UNITS=EXAJOULES (Jel0ss1B))

QIL BAS SOLIDS NUCLEAR SOLAR HYDRO TOTAL
ELECTRIC POWER 17.34 4.72 A42.05 22.61 8.88— 19.?2- 115.54
END-USE DEMAND 23.99 21.24 446,93 L 00 « 00 00 9a.18
TOTAL DEMAND 43.3% 23.99 g8.98 22.61 5.89_ 19. 7:.‘— 209.72
TOTAL SUPPLY 47.92 20.16 138.12 ¥F2.41 8.88 19.72 257. 40
NET IMPORTS ) -4, 37 5.;;- -49.14 .00 « 00 - O -47.;;—

SECONDARY ENERGY DEMAND TABLE
(UNITS=EXRJOULES (J#10se18))

LIouros BASES SOLIDS ~ ELECTRIC TOTAL
END-USE DEMAND 25.99 c1.26 46,92 TI. A4S 127.8T
TOTAL DEMAND =3.99 21.28 44.93 3T.43 127.8°
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REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)

TABLE 7.7.
(2=NOPT(5)
2075 ENEFRGY PRODUCTION AND USAGE REFONT
SRRSO YR II.IID'.DQ.O'QQ.‘-‘lll!!l*bﬁ..b
REGION1 MIDDLE EAST
ENERGY SUFFLY TABLE
(UNITS=EXARJOULES (J#10se18))
oIL GAS SOLIDS  NUCLEAR  SOLAR HYDRO TOTAL
CONVENT IONAL 100. 64 an. 78 .08 22.00 8.64 2.07 214.21
UNCONVENT I0NAL .45 .00 z.28 N/7A N/A N/B 2.73
TOTAL PRIMARY  101.09 80. 78 2.3 22.00 8.54 2.07 216.94
SYNFUEL.S .51 .09 -.89 .00 .00 N .59
TOTAL SUPPLY 101,40 80.86 1.47 22.00 8. 564 2.07 214.64
PRIMARY ENERGY DEMAND TABLE -
{UNITS=EXAJOULES (J#10ue18))
(D ¢ 8 GAS SOL1DS NUCLEAR SaLAR HYDRU TOTAL
ELECTRIC POWER 1.76 4. 48 33.19 22.00 B, b4 2.07 72.30
END-USE DEMAND 21.4&0 8.2t 3.04 .00 » OO .00 32.84
TOTAL DEHMAND 23.3% 12.84 36.22 22.00 .64 2.07 105.14
REF INABLE ENERGY DEMAND TABLE
(UNITS=EXAJOULES (Ja10e=18))
OIL GAS SDLIDS  NUCLEAR  SOLAR HYDRO TOTAL
ELECTRIC POWER 1.77 4, 54 0.7 22,00 B8.64 .07 59.79
END-USE DEMAND Ji.71 g8.21 1.8% L00 N ) I1.e1
TOTAL DEMAND 23.47 12.88 22.%6 2. 00 . 64 2.07 Fi.bl
TOTAL SUPFLY 101. 60 80.84 1.47 22.00 B. &4 z.07 216.44
NET IMFORTS ~78.12 =48.00 21.09 .00 .00 L0 ~1T%, 04
SECONDARY ENERGY DEMAND TAELE
(UNITS=EXAJOULES (JalOesl8})
LICuIDs GASES SOLIDS  ELECTRIC TaTAL
END=USE DEMANMD 21.71 B8.21 {.8% 17.60 49, 4t
TQTAL DEMAND 21.71 8.21 1.89 17.60 49.4]
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REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)

TABLE 7.7.
(2=NOPT(5)
2075 ENERGY PRODUCTION AND USAGE REFORT
'..OQ'I{'G!IQG.QO.!Q}&' I.Oib!!i.lll.l -2 )
REGION: AFRICA
ENERGY SUFFLY TABLE
(UNI TS=EXAJOULES (Jel10we1m))
oI GAS SOLIDS NUCL.EAR SOLAR HYDRO TOTAL
CONVENT IGNAL 20,79 29.27 29.29 18. 48 7.26 3. 00 130.0%
UNCDWENTIDNAL - 38 .00 10.468 N/A N/A N/& 1104
TOTAL PRIMARY 21.17 *9.27 39.97 18. 48 .26 =5.00 141,15
SYNFUELS 8.3¢9 1.44 -15.07 .00 + 00 - 00 10.0%
TOTAL SUPPLY 29.74 30,73 24,89 18,48 7. 25 25.00 136,12
PRIMARY ENERGY DEMAND TABLE -
{UNITS=EXAJOULES (JeiOw#iB))
oIL GAS SOLIDS NUCLEAR SOLAR HYDRO TOTAL
ELECTRIC POWER .21 3.48 55.27 18. 48 7.25 25.00 i18.91
END-USE DEMAND 12.78 13.32 28.19 - 00 + 00 - 00 34.29
TOTAL DEMAND 21.9% 17.01 a3.47 i8.48 7. 28 25.00 173.20
REF INABLE ENERGY DEMAND TABLE
(UNITS-EINOLLES (Jel0ee18))
O;L BAS SOLIDS NUCLEAR SOLAR HYDRQ TOTAL
ELECTRIC POWER 13.08 3.87 34,43 18,48 7ok 2%. (0 102,11
END-USE DEMAND 18.14 13.99 17.%6 00 «» 00 . Q) 49, 69
TOTAL DEMAND 3Ii.22 17.86 31.98 18.48 7.2 25.00 151.81
TOTAL SUPPLY 29.7& 30.73 4,89 18.48 Tar 25.00 176,12
NET IMPORTS 1.47 -1=.88 27.0% . 00 » 00 « O 1Z.48
SECONDARY ENERGY DEMAND TaAFLE
(UNTTS=EXRJDULES (Je1gss1g}) N
L ; QuIDs GASES SOLIDS ELECTRIC TOTAL
END-USE DEMAND 18.14 12.99 I7.56 Z29.7% 79.48
TOTAL DEMAND 18.14 13.99 17.58 29.7%9 79. 48
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UNCONVENT IONAL
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(2=NOPT(5)

=075 ENERGY PRODUCTION NAND USNAGE REFORT

LTI R XL A AL S22 ARl RERESYT Y EYE L XX )

REGIONAL ENERGY BALANCE TABLES FOR PERIOD M (Continued)

REGIONT LATIN AMER
ENERGY SUPFLY TABLE

(UNMITS=EXAJOLALES (Je=10*#18))
atL GAS SQLIDS NUCLERR SOLAR HYDRO TOTAL
.00 « 00 .20 31.6& 17.44 c2.23 72.52
.32 . 00 13.01 N/ A N/A NrA 13.73
] « OO0 i9.20 31.66 12.44 22.23 85.84
4.12 . 70 -7.24 + 00 -0 + 00 4.83
4. 43 « 70 11.96 31.468 12.44 22.23 83.43

FRIMARY ENERGY DEMAND TABLE

(UNITS=EXAJOULES (J=10Q=218)} -

oIL BAS SOLIDS NUCLEAR SOLAR HYDRO TOTAL
12.76 6.30 94.5 31.66 12. 44 2z.2 179.92
18.34 10.71 11.25 .00 puy .00 40.21
31.190 17.01 10,79 3i.86 12.44 £2.323 270.23

REFINABLE ENERGY DEMAND TABLE
(UNITS=EXAJOULES (J#10+##18))

DiL GAS 50LID5 NUCLEAR SOLAR HYTRO TOTAL
24,47 b.b1 Z8.88 Xl.dé 12. 44 e 156. 24
35.11 11.25 7.01 . O L 00 .00 535.37
39.55 17.84 &5. 89 I1.66 12.44 2. 2% 209,61

4.45 .70 i1.946 31.464 1Z2.44 2.2 Bl.43
55.08 17.1& 55.93 . 00 .00 .00 izb. 1B

SECONDARY ENERGY DEMAND TARLE
(UNITS=EXAJOULES (Jelowes{B))
LIOUIDS GASES S0L1DS ELECTRIC TOTAL
END-USE DEMAND IB.11 11.25 . 7.01 45,51 989.28
35.11 11.25 7.01 435.01 %g.88

TOTAL DEMAND
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TABLE 7.7. REGIONAL ENERGY BALANCE TABLES FOR PERIOD ¥ (Continued)
{ 2=NOPT(5)

2073 ENERGY PRODUCTION AND USAGE REFORTY
BATEEL O RN ARSI RPN H SR ERBIERIO B E

REGIOM: S.%E. ASIaA

ENERGY SUFFLY TAPBLE
tUNITS=EXAJOULES (JetUes1B))}

oIL GAS SOLIDS  NUCLEAR SOLAR HYDRO TOTAL

CONVENT IONAL 4.84 1.77 .09 27.0 10. 461 14,14 36,45
UNCONVENT IONAL <32 « 00 16.55 N/A N/A N/A 16.87
TOTAL. PRIMARY 5.16 1.77 16.64 27.01 10. 861 14.14 75.32

-~ SYNFUELS 3.57 Y-} -46.28 .00 .00 00 4,18
TOTAL. SUPPLY 8.74 2.38 10.3& 27.0t 10.61 14,14 73.23

PRIMARY ENERGY DEMAND TABLE
(UNITS=EXAJOULES (J=10##18))

oIL GAS sSaLIDsS NUCLEAR SOLAR HYDROD TOTAL
ELECTRIC PUWER 4.886 3. 40 81.41 27.01 10. 461 14,14 143,41
END-USE DEMAND .33 b.635 37.11 .00 .00 - Q0 55.09
TOTAL DEHAND 14.1%9 12.03 120.72 27.01 10.61 14,14 198, 79

REFIMABLE ENERGY DEMAND TABLE
{UNITS=EXAJOULES (Je10wsig)}

oIL GAS SOLIDS NUCLEAR SOLAR HYDRO TOTAL

ELECTRILIC POWER 8.32 S5.71 30.83 27.01 10.61 14._;;- 116.81
END-USE DEMAND 16.346 7.04 24.36 .00 .00 » 0 47.78
TOTAL DEMAND 24.88 12.74 75.19 27.01 10.;:‘ 14,14 164.57
TOTAL SLIP'PLY 8.74 2.38 10.36 27.01 10.61 14.14 73,23
NET IMPORTS 16.15 10,36 44,83 .00 .00 - .OC-)- ?1.33

SECONDARY ENERGY DEMAND TABLE
{UN]TS=EXAJOULES (J=10es1B))

LIioulDs BASES SOLIDS ELECTRIC TOTAL
END-USE DEMAND 16.34 7.04 24.%0 34,43 82,19
TOTAL DEMAND 16,36 7.04 L S 4,43 82.19
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usa

CANADA & EUR
OECD PACIFIC
USSR/E. EUR.
CHINAJET . AL.
MIDDLE EAST
AFRICA
LATIN AMER
S.4E. ASIA

ALL REGIONS

UshA

CANADA & EUR
DECD PACIFIC
USSR/E. EUR.
CHINA/ET.AL,
HIDDLE EAST

" AFRICA

LATIN AMER
S.4E. ASIA

ALL REGIDMS

USA

CcanNaDAa % EUR
DECD FACIFIC
USSR/E. EUR.
CHINAJET, AL,
HIDDLE EAST
AFRICA

LATIN AMER
S.4E. ASIA

ALL REGIONS

TABLE 7.8,

1975 ENERGY PRODUCTION AND USARE  REFDRT

T Y T T Iy YR YR TR LR S R RSS2 2L o ool i dd ol

198

PRIMARY ENERGY DEMAND SUMMARY,
(UNITS=EXAJOULES (Jel0e=1B))

SUMMARY TABLES FOR PERIOD M
(2=NOPT(6)

BY REGION AND TYFE

o1L GAS SOLIDS  NWUCLEAR  SOLAR HYDRO TOTAL
25.72 21.21 13.78 2.15 .00 3.82 ab. &7
21.20 1.83 8.02 1.30 .00 7.24 I9.%9
13.87 .68 3.97 .42 .00 1.%% 20,49
18.79 11,45 26,93 .23 .00 2.06 59, 4%
3.18 .13 15.45 .00 00 .76 19,352
2.8a& .83 .03 00 .00 . 06 3.78
2.3% 12 2.3% .00 N .47 5.29
7.37 1.50 .35 .08 .00 1.74 11.21
4.97 .46 3.47 .04 .00 .B4 9.78
100. 30 35.22 74,55 4,19 . 00 18.5% 2Ts.78
PRIMARY ENERGY SUPPLY SUMMARY, BY REGION AND TYPE
(UNITS=EXAJOULES (Jx10sa18))
olL GAS SCLIDS NUCLEAR  SOLAR HYDRO TOTAL
20. 41 19.59 17.18 2.15 .00 .82 63.15
4.77 B8.3% ?.60 1.30 .00 ) 3.2
.98 .31 2.67 LAT .00 1.55 .90
2.77 11.33 25.77 .o .00 2.06 62.15
.23 .13 15.01 .00 . 00 .76 19,12
&47.3% .33 .03 200 .00 VTS 42,77
10.59 .10 z.18 .00 ) .a7 1T.354
9.92 .74 .39 N .00 i.7a 1z.83
3.79 .49 T.68 .08 .00 .84 7.84
118.79 41,348 75.51 4,19 LO0 18,53 258,37
SECONDARY ENERGY DEMAND TARLE
(UNITS=EXAJOULES (JelQez1@))
TOTAL CONSERVE
PURCHASED NONELEC
LIQUIDS  GASES s IDS ELECTRIC  FUELS SOLAR TOTAL
21.48 17.32 2.70 .23 48,97 L O ag,.92
17.55 1.71 2.78 s. 18 I4.B3 o UK 26.87
8.s3 .oz .55 2. 50 14,02 .00 14.0%
14.70 B.0B §i7.53 %, 63 ., 45.54 W R A%.54
Z.89 .07 14,08 .74 “17.76 L 0N 17.74
b/ . &0 LO% T .24 L T.24
1.99 .02 1.51 .52 4,03 Lo 4,03
6. 46 1.17 .43 .87 8.5% ) 8.93
4,24 .a8 1.4646 1.01 7.73 W D0 -3
80.31 29.32 43.2% 23.84 176.72 .00 176.72
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197% EMERGY PRODUCTION AND USAGE REFDRT
A Y Y Ty Y T T Y Y T T T )

REF INABLE ENERGY DEMAND SUMMARY, BY REGION AND TYPE

SUMMARY TABLES FQOR PERIOD M (CONTINUED)

(UNITS=EXAJOULES (J*10#aiB))
oIl GAS SOLIDS NUCLEAR SOLAR HYDRO TOTAL
UsA 25.72 21.21 12.78 2.13 - D0 .82 66,47
CANADA & EUR 21.20 1.83 B.02 1.30 . DO 7.28 39.59
QECD PACIFIC 13.87 y-1:] 3.97 .42 . DV 1.55 <0.49
USSR/E. EUR. 18.7% 11.43 26.93 .23 . 0D 2.06 59,45
CHINA/ET.AL. .18 «13 15.4% - 00 - 00 .78 te.%2
MIDDLE EAST Z.86 .83 .03 « OO . 00 .08 3.78
AFRICA 239 .12 2.35 .00 .00 A7 5.2
LATIN AMER 7.37 1.30 [§-1- .04 )] 1.74 11.21
S.&E. ASIA 4.97 <4b 3.47 -4 . Q0 .84 ?.78
ALL REGIONS 100.30 38,22 T4.35 4,19 - D0 18.53 2335.78
REFINABLE ENERGY SUPPLY SUMMARY, BY REGION AND TYFE
(UNITS=EXAJOULES (J*10=«]1B8))
olt GAS SOLIDS NUCLEAR SOLAR HYDRO TOTAL
USA 20.41 19.59 17.18 2.15 <00 3.82 &83.1%
CANADA % EUR 4,77 8.35 ?.50 1.0 .00 7.24 31.2s
DECD FACIFIC .94 « 31 .47 A2 . D0 1.55 5.90
USSR/E. EUR. 22.77 11.33 5. 77 3 00 =06 &2.15
CHIMNA/ET.AL. 3.2 .13 15.01 00 . 00 .74 i9.13
MIDDLE EAST 2.75 .33 L+ st .00 .00 T 42,77
AFRICA 10,39 .10 2.18 - 00 . 00 .47 12.24
LATIN AMER 9.92 74 .3 .04 .00 i.74 1z2.87
S.XE. ASIA I3.79 .49 -. 468 . 14 <10 .Ba 7.84
AL REGIONS 118.79 41.3& 75.51 4,19 . MY 18,37 °58. 37
REFINABLE OIL SUPFLY SUMMARY BY REGION AMD TYFE
(UNITS=EXAJOULES (Jel0=«18))
CONVEN— UNCONVEN-
TICNAL TIONAL SYNOTIL TOTAL
UsA 20.41 .00 L DO Zu. 4y
CANADA & EUR 4,77 - 00 o w0 a.77
QECD FACIFIC .96 00 Ny ) .98
USSR/E. EUR. 22.77 .00 . 00 .77
CHINA/ET.AL. 3.23 - 00 Mo lh] pinad
MIDDLE EAST 4.7 .00 « 0 4,73
AFRICA 14,59 L0 L 10 BTV 1
LATIN AMER L . 00 « ®.%7
S8.kE. ASIA 3.79 LU e LN T.e
————— ALL—REGIDNS 11a.7¢ ! .00 .00 118,79
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TABLE 7.8. SUMMARY TABLES FOR PERIOD M (CONTINUED)
( 2=NOPT(6)

1975 ENERGY FRODUCTINN AND USAGE REFOURT
BPECOERABRASDNRESERLSEIURDONLARIROBRNDED

REF INAELE BAS SUPFLY SUMMARY BY REGION AND TYFE
(UNITS=EXAJOULES (J»10%+18))

CONVEN~ UNCONVEN-

TIONAL TIONAL SYNGAS TOTAL
USA 19.37 . 00 00 19.%9
CANADA % EUR 8.33 . 00 . 00 8.25
OECD PACIFIC -3l .00 + 00 =
USSR/E. EUR. 11,33 . QU .00 11.33
CHINA/ET.AL. .13 . Q0 .00 LAz
MIDDLE EAST 33 o 0 .Q0 .23
AFRICA .10 . 00 . (H) . 10
LATIN AMER .74 .00 s 00 .74
8.4E. ASIA . A7 - 00 00 A9
All. REGIONS 41.34 « 00 .00 41.34&

.

REFINABLE SOLIDS SUPFLY SUMMARY BY REGION AND THFE
IUNITS=EXAJOULES (Jeloes18))

CoAL BIOMASS TOTAL
Usa 17.18 < 0O 17.18
CANADA L EUR Q.50 QU 9. 40
OECD PACIFIC 2.47 .00 .67
USSR/E, EUR. 235,77 + Q0 <5.77
CHINA/ET.AL. 15.01 + 00 15.01
MIDDLE EAST O3 BLY .03
AFRICA 2.18° . 00 .18
LATIN AHER .37 Ny ] .09
S.%E. ASlA 2.68 . 00 .88
ALl REGIONS 7%5.351 . 00 75.71

IMFORT SUMMARY, BY REGION aND TYFE
{UNITS=EXAJOULES (Jel0cel18))

artL GAS COAL TOT&L
UsA 5.31 L. 62 -Z.40 T.2Z2
CANADA % EUR 16.43 =-6.52 -1.58 B.3%
QECD PACIFIC 12.91 W37 - 150 14,359
USSR/E. EUR. -3.98 LAZ 1.14 ~-2.70
CHINA/ET.AL. -.Q3 .01 .44 .40
HIDDLE EAST —~39.49 P DO -7B.99
AFRITA ~8.24 L0 17 -3.05
LATIN AMER - 55 o Th <da =1.867
S.&E. ASIa 1.18 -, 07 79 .94
TOTAL TRADE 34.31 &, 550 4.78 &T.84
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TABLE 7.8. SUMMARY TABLES FOR PERIOD M (CONTINUED)
(2=NOPT(6)

19735 ENERGY FRODUCTION AND USAGE REFORT
L L T Yy Y YA Y I LTI TR T Y LT YT T vy

ELECTRICITY DEMAND SUMMARY, BY REGION AND TYFE
UMITSEXAJOULES (J#10s+18) OF FRIMARY EQUIVALENTS

osL GAS SOLIDS NUCLEAR S0LAR HYDRO ToTaL
usa 4,04 3.89 11.08 2.13 .00 3.8z 24.98
CANADA & EUR J. 64 « 52 3.24 1,70 00 7.24 17.95
QECD PACIFIC S.22 . 3b 1.42 82 « 00 | P B. 57
USSR/E. EUR. 4. 49 3.37 9. 40 .23 <00 2. 04 19.5S
CHIMA/ET.AL. .29 « 06 1.39 .00 00 W76 2. 39
MIDOLE EAST «31 23 00 .Oon .00 D4 - &0
AFRICA -2 .10 .84 - 30 + 00 - 47 1.77
LATIN AMER .91 .34 .12 - 04 .00 1.74 3.13
S.4E. ASA +73 .01 1.81 .04 .00 .84 T.47
ALL REGLIONS 19.99 8.8% 31.30 | 4,19 .00 18.535 82.%0

ELECTRICITY SUFPLY SUMMARY, BY REGION AMD TYPE
UNITS=EXAJOULES (Jei0e=*|B) OF HEAT EQUIVALENTS

oIL GAS SOLIDS  NUCLEAR  SOLAR HYDRO TOTAL
usa 1.10 1.06 3.3 L&z .00 1.10 7.73
CANADA & EUR 1.00 .14 1.5%8 .58 .00 2. 09 5.18
QECH PACIFIC 1.43 .10 .43 .12 .00 LA4x 2.5
USSR/E. EUR. 1.23 .92 2.83 .07 .00 .59 5. b4
CHINA/ET.AL. .08 .02 .42 .00 .00 .22 .74
MIDDLE EAST .0B .06 .00 . 00 .00 .02 .16
AFRICA . .10 .03 -} SO0 N .14 .32
LATIN AMER .25 .n9 .04 .01 ) .48 .87
S.ME. ASIA .20 .00 .54 .1 .00 .25 1.01
ALL. REGIONS 5. 45 2.43 9,41 1.21 .00 3.32 27.84

SYNFUEL PRODUCTION SUMMARY, BY REGION AND TYPE
(UNITS«EXAJOULES {(Jslise1B))

OIL GRS TOTAL soL1DS
usa + 00 . Q0 - OO .00
CANARDA & EUR « 00 - D0 0 - 00
OECD PACIFIC V00 o 0 LY L
USSR/E., EUR, L0 N - a0 N
CHINA/ET. AL, ) SO0 L0 ]
HIDDLE ERST 00 . O .00 L0
AFRICA - 00 P L L ]
t.ATIN AMER .00 Nvd . OO0 . N0
S.kE. ASIA .00 <00 iy RVIE)

ALL REGIONS .00 - Q0 - 00 - M)

(223)



202

TABLE 7.8. SUMMARY TABLES FOR PERIOD M (CONTINUED)
(2=NOPT(6)

197% ENERGY USE PER DOLLAR GNP AND FER CAPITA
PEETER AR AP O RTRAB RN IR OB SSER LG AT NREREED

REGION POPUL. BASE GNP FINAL GNP ENERGY USE E/GNF E/CAFLTA GNF /CAF
(MIL) (BIL 1975 US DDL) (EXAJOULES) Je10#e9/% Jeles9/CAP  $/LAF

usa 214, 1520. 1520. bb. 67 4%.87 T11.55 71al.
CANADA & EUR 403, 1818, 1818. 39.57 21.78 97.76 4489,
OECD PARCIFIC 128. S86. 586, 20.4% TH.95 160.12 43581,
USSR/E. EUR, 3I95. 964, F66. 39.45 61.%52 150.32 2447,
CHINA/ET.AL. P11, Jaa, 324. 19.52 &0.32 21.43 55,
MIDDLE EAST at. 128, 138. 3.78 27.31% 44, 6S 170%9.
AFRICA 3I99. 155, 155. 5.29 34.17 13.25 s88.
LATIN AMER 313, 315. 315. 11.21 35.352 35.80 1008.

S.%E. ASIA 1150, 234. 234, 9.78 41,86 8.65 207.

ALL REGIONS IPT L. &H056, &805&, 235.78 38.93 55.30

2
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TABLE 7.8. SUMMARY TABLES FOR PERIOD M (CONTINUED)

UsA

CANARDA & EUR
OECD PACIFIC
USSR/E. EUR.
CHINA/ET.AL.
MIDDLE EAST
AFRICA

LATIN AMER
S.8E. ASIA

ALL REGIONS

usa

CANADA & EUR
DECD FACIFIC
USSR/E. EUR.
CHINA/ET.AL.
MIDDLE EAST
AFRICA

LATIN AMER
S.kE. ASIA

ALL REGIDNS

UsSA

CANADA & EUR
DECD FACIFIC
USSR/E. EUR.
CHINA/ET.AL.
MIDDLE EARST
RFRICA
LATIN AMER
S.4%%. ASIA

ALL REGIONS

{ 2=NOPT(6)

2000 ENERGY FRODUCTION AND USAGE REFORT

LT ETXT YIS SS S22 A2 2 g2 il 2]y Py -y

PRIMARY ENERGY DEMAND SUMMARY, BY REGION AND TYFE
(UNITS=EXAJOULES (J#10+¢18))

(225)

alL GRS SOLIDS NUCLEAR  SOLAR Hy DRO TOTAL
32.72 14.02 35.05 7.95 .05 S.ds 3. 25
22.19 9.02 16.58 5.04 .01 10.82 64,06
15.07 2.94 10.092 1.460 .01 2.75 JI2.00
27.95 12.61 35.33 f.14 .00 10.07 B7.10
11.30 1.20 34.03 .19 ] 5.47 52,20
8. 84 1.85 .39 .02 .00 1.23 12,32
5.97 1.34 7.02 .09 .00 4,45 19.07
17.83 4,23 3.81 . 40 . 00 10.91 37.18
10.92 .97 10.95 . 40 .00 6.18 29.43
152.79 48. 18 153.57 16.894 .07 57.15 428.61
PRIMARY ENERGY SUPFLY SUMMARY, BY REGION AND TYPE
(UNITS=EXAJOULES {J#10w=i8))
oIL GAS SOLIDS NUCLEAR  SOLAR HYLR0 TOTAL
- 00 .79 1.02 7.95 Y -] 5. 48 18.28
13.94 6.58 3.44 %.04 W01 10.82 3%.83
.00 .82 . 4% 1.60 L0 .3 .27
24.25 29.03 635.92 i.18 Q0 1.7 128,41
10.47 .48 54,09 .19 .00 5.49 st
47,50 1.53 - 40 .02 . 00 1.22 20.48
29.03 .40 19.90 .09 .00 A, 85 45.08
25.01 3.42 3.75 .40 .00 10. 91 4Z. 49
2.%8 2.11 13.53 ° . &0 .00 6.18 24,80
152.78 4B.16 153.54 16.84 07 57.15 42B.5%
SECONDARY ENERGY DEMAND TABLE
(UNITS=EXAJOULLES (JeiQe=18))
TOTAL CONSERV%
PURCHASED NONELEC
LIQUIDS  GASES SOLIDS ELECTRIC  FUELS SOLAF TAQTAL
30,71 10,42 3.%6 14,92 -~ 59.63 Ti.44 81,08
18.22 &. 96 4,81 7.91 39.90 T.Te a2,
9.40 i 4.13 4.5 20.57 1.51 Z1.58
20.07 10,17 .78 JETT L B3.53 14,87 78.42
9.12 1.14 97T 3. %é £T.54 7.T6 51.31
8.3t 1.31 .27 .69 10,52 T.TH 14,53
3.07 1.24 4.73 .3z I.Z6 Lirh 1242
15,39 3.59 2.2 4.51 o%.71 4,58 30. 69
Q.49 .87 5.9 3.846 To.18 T.ef 27.82
17%. 98 37.97 79013 53.88 I96.%6 59.83 354.84
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TABLE 7.8. SUMMARY TABLES FOR PERIOD M (CONTINUED)
(2=NOPT(6)

2000 ENERGY FRODUCTION AND USAGE REPORT
RADE PR IFLG TR R R OSEBBR BBV RILERRRORDLE

REF INABLE EMERGY DEMAND SUMMARY, BY REGION AND TYPE

(UNETS=EXAJOULES (Je10##18))

oIL GAS SOLINS NUCLEAR SOLAR HYDRO TOTAL
USA 32.77 14.02 34.80 7.95 - Q% 5. 85 95,05
CANADA i EUR 22.23 9.02 16.848 3.04 -0l 10.82 &3.97
OECD PACIFIC 15.09 2.%6 ?.94 .60 .01 =.3é I1.95
USSR/E. EUR. 28.47 12.61 34,90 1.14 =00 10.907 ar.19
CHINAJET.AL. 11.351 .20 34.03 .19 - 00 S.49 52,20
MIDDLE EAST 65.84 1.83 -39 .02 . 00 1.23 12.32
AFRICA 5.99 1.54 6.93 w9 . 00 4,65 19,00
LATIN aMER 17.84 4,23 3.76 .40 - Q0 10.91 z7.15
S5.kE., AS1A 10.93 - 97 10,95 .40 . 0N &, 18 27.43
ALL REGIONS 153,47 48.18 132.55 16.84 .07 S57.15 :23.27

REFINABLE ENERGY SUPPLY SUrMMARY, BY REGION AND TYPE
(UNITS=EXAJOULES (J#10#+18))

Il GAS SOLIDS NUCLEAR SOLAR HYDRO TOTAL
usa .01 3.7% 1.0% 7.9% .03 S.486 1B.27
CANADA & EUR 13.97 &6.38 3. 40 5.048 +01 10.B2 39.8C2
OECD PACIFIC - 00 .8z .49 1.&60 .01 2.36 5.2
USSR/E, EUR. 24.77 29.03 &T. 14 1.14 . 00 10,07 128.15
CHINA/ET.AL. 10.47 .48 36.0% - 19 « 00 5. 49 72.71
MIDDLE EAST 47.50 1.355 « 40 .02 - 0 .23 50,68
AFRICA 29.12 4l 10.77 .09 - 00 4.63 4T.02
LATIN AMER 25.04 3.42 3.71 » a0 - 0 10,91 473.48
S5.4E. ASla 2.58 2.11 12.33 + &0 . 00 6.18 <4,80
AL, REGIONS 133. 48 48.16 152.732 16.84 .07 S57.1% 476..21

REFIMABLE QIL SUFPLY SUMMARY BY REGION AND TYFE
(UNITS«EXAJOULES {(J*10=a18))

CONVEN- LINCONVEN-

TIONAL TIONAL SYNQIL TOTAL
usa .00 o OO - .01 .01
CANADA % EUR 13.94 L0 .03 12.97
OECR FACIFIC + 00 . O - 00 L)
USSR/E. EUR, 4,25 » Y - .52 4,77
CHINA/ET.AL. 10,47 ek Vil 10,47
HIDDLE EAST 47.30 . 0 L) a7 00
RFRICA %03 . 130 .09 =7.12
LATIN AMER <5.01 OO0 .03 ST.04
S.ME. ASIA 2.38 .00 L0 .3
ALL REGIONS 152.78 L 00 -1 15748
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TABLE 7.8. SUMMARY TABLES FOR PERIOD M (CONTINUED)
(2=NOPT(6)

2000 ENERGY FRODUCTION AND USAGE REFORT

B ESERERIREPRARIDEPNEBORARERGDENRERDFEHS

REFINABLE GAS SUFFLY SUMMARY BY REGION AND TYFE
(UNITS=EXAJOULES (J#lDes18))

CONVEN- UNCONVEN-

TiONAL TIONAL SYNGAS TOTAL
usa 3.79 .00 .00 1.79
CANADA & EUR 6.58 00 .00 6.58
QECD FACIFIC .8z 0D .00 .82
USSR/E. EUR. 29.03 .00 .00 29,0%
CHINA/ET.AL. .48 .00 Q0 .48
MIDDLE EAST 1.53 .00 .00 1.55
AFRICA + 40 .00 N0 .41
LATIN AMER J.42 .00 .00 3.42
S.&E. ASl1A 2.11 .00 .00 2.1%
AlL REGIONS 49.14 . Q0 .00 48. 16

REFINABLE SOLIDS SUFFPLY SUMMARY By REGION AND TYFE
(UNITS=EXRJOULES (J*10ee18)1}

ConL BIDOMASS TOTAL
USa - D 1.01 1.0t
CANADA & EUR « D0 3. 40 3.40
QECD FACIFIC . 00 . A% .49
USSR/E. EUR. 61.54 1.57 6Z. 14
CHINA/ET. AL, 54,352 1.57 S56.0%
MIDDLE EAST .14 .27 .40
AFRICA 9.7%9 1.78 10.77
LATIN AMER 1.71 .00 .71
S.+E. RSIA 10,94 2.59 .57
ALL REGIONS 138.235 14,27 152. 523

IMFORT SWMMARY, BY REGION AND TYFE
(UNITS=EXAJOULES (Jal0eel18))

oIL GAS coAaL

usa 32.76 10,22 I5.7%
CANADA & EUR 8.2é6 o. 44 _1z.4%
DECD FACIFIC 1%.08 . te ?. 4886
USSR/E. EUR. 3.70 -{&.42 -28.33
CHINA/ET.AL. .84 L7101, =ITL08
HIDDLE EAST =38. 488 iy - 17
AFRICA ~-2%.13 .94 -1.83 -26.0%
LATIN AMER -7.19 .81 NG -, 73
S.*E. ASIA B.3% -1.148 -z.57 4,53

_______ , === ————— - —
TOTAL TRADE &8.98 17.57 56,72 143,27

-

{227)



TABLE 7.8.

206

(2=NOPT(6)

2000 ENERGY FRODUCTION AND USAGE REFMLT

RARBER PR PR RPN RO PR FE SRV O UL DA BRI PR AB AT

ELECTRICITY DEMAND SUMMARY,
UMITS=EXAJOULES (J#10+018)

BY REGION AND TYFE

DF FRIMARY EQUIVALENTS

SUMMARY TABLES FOR PERIOD M (CONTINUED)

(228>

oIL GAS soLtps NUCLEAR SOLAR H¥DROD ToTAL
usA 2.06 3. 40 z1.24 7.95 0S T.14 S0.Z6
CANADA % EUR 4.01 2.06 12.03 T.04 01 10.82 33.97
DECD PACIFIC 5.49 . &8 5.81 1.60 01 2.3& 15.9%
USSR/E. EUR. 8.40 2.44 11.12 1.14 O 10,67 3z.18
CHINA/ZET. AL, 2.19 AT 4.30 W19 SO0 5,49 12.22
MIDDLE EAST -2 - B4 .57 02 .0 .23 2. 49
AFRICA .72 .10 .2 .07 .00 4,85 7.96
LATIN AMER 2. 44 - 1.54 .40 .00 10.91 15.95
S5.4E. ASlA 1.48 .10 4,99 .40 00 6. 18 13.12
ALL REGIONS 27 .49 10.21 TI. A2 16.84 .07 57.15 185.19
ELECTRICITY SUPPLY SUMMARY, BY REGION AND TYPE
UNITSsEXAJOULES (Ja10+#18) OF HEAT EQUIVALENTS
QIL GAS SOLIDS NUCLEAR SOLAR HYDRO TOTAL
usa .56 .98 9.3% .34 .01 1.62 14.9%
CANADA & EUR §.10 .58 3.482 1.47 .00 3.1 9.91
OECD PACIFIC 1.50 .19 1.75 T .00 .68 4.57
USSR/E. EUR. 2.30 -y 3.34 .32 .00 =.99 F.57
CHINA/ET.AL. <40 .02 1.29 .05 L] 1.60 T.56
MIDOLE EAST .14 1% .05 L1 ) . %a . &9
AFRICA .23 03 &7 0T .00 1.7 2.7
LATIN AMER T.&7 L17 T .11 .00 3.08 4.51
S.%E. ASiIA .39 .03 1.50 .12 .00 1.82 I.84
ALL REGIDONS 7.92 2.7%9 22.08 4,94 ) 16.54 53.88
SYNFUEL PRODUCTION SUMMARY, BY REGION AND TYFE
(UNITS=EXAJOULES (Je10es1B))
o1L GAS TOTAL s0L10S
usa .01 .00 L0l -, 0
CAMNADA & EUR .03 . 00 .03 -, 4
QECD FACIFIC .00 .00 .00 -, 11
USSR/E. EUR. .52 L0 - 52 -. 7B
CHINAR/ET.AL. L+ 00 . 00 Mo 00
MIDDLE EAST .00 - 00 .on L0e
AFRICA .09 ela) v, .09 - 17
LATIN AMER .03 . 0 .oT -0
S.%E. ASla .00 L O0 .00 ey
ALL REGIDNS .48 . 00 .68 i .02
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TABLE 7.8. SUMMARY TABLES FOR PERIOD M (CONTINUED)

(2=NOPT(6)

2000 ENERGY USE FER DOLLAR GNP AND FER CAPITA

FERESERREER ST IR SRR RERb TR FERBBBARCE RS IR ED

- REGIDN POFLL.. BASE GNP FINAL GNP ENERGY USE E/GNP E/CAPITA GNF 7CARP
(HIL) (RIL 1975 US DOL} (EXAJOULES) Jslieeq/s Jeiea9/CAF  $/CAP

UsAa 54 . ZI54. 3227. 5.5 29.3%2 S73.00 12704,
CANADA & EUR 476, 3737. 3723, 654,06 17.2 124,59 7821.
OECD PACIFIC 154, lie.. 1184, 32.00 27.02 207,79 76%1.
USSR/E. EUR. 472, 2033. 1966. B7.10 44.3) 194,34 4164,
CHINAYET. AL, 1248. 1020. 988. 52.20 52.82 41.83 79z,
MIDDLE EAST 147, 587. 396. 12.32 20.68 83.83 4055.
AFRICA 497, 368, 367. i9.07 33.42 27.38 B14.
LATIN aMER 540, 1217, 1173. I7.18 31.564 68.94 17&,
S.4E. ASIA 1904, 8264, 802. 29.43 346,70 12,45 421,
ALL REGIONS 5892, 14433, 14228. 428. 61 30.12 7Z.74 2418,

(229)
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SUMMARY TABLES FOR PERIOD M (CONTINUED)
(2=NOPT(6)

TABLE 7.8.

025 ENERGY PRODUCTIOMN AND USAGE REFORT

EeIDPR PRI RSOPPRO RN R TREPICI R ERGPORNN RO

PRIMARY ENERGY DEMAMD SUMMARY, BY REGION AND TYFE

(UNITS=EXAJOULES (Jel0ssiB))
s}{8 GAS SOL1IDS MNUCLERR SOLAR HYDRO TaTAL
USA 34.81 z24.33 3I5. 24 12.92 5.89 b.l48 121.35
CANADA & EUR 17.98 20.08 21.21 ?.12 T.b4 11.%7 83.99
DECD PACIFIC 12.1% 6.23 15.12 4.70 1.88 .59 42,72
USSR/E. EUR. 24.93 22.67 25.77 5.08 2.03 14.:38 106,56
CHINA/ET.AL. 17.83 &.74 &, 00 3.43 ok 15.39 104,83
HMIDDLE ERST 14.99 6.73 4.465 2.77 1.10 .08 34,32
AFRICA 15.%0 &, 44 146,54 1.355 - &2 18.3S3 59.461
LATIN AMER 335,09 12.30 21.55 5.70 2.27 0. 44 97.5%5
S.&%E. ASIA 15.87 &.89 33.03 3.26 2. 10 12.93 76.08
Bl REGIONS 193.58 112.63 2446.10 30.32 19,77 106. 38 729.01
PRIMARY ENERGY SUPFLY SUMMARY, BY REGION AND TYFE
(UNITS=EXAJOULES (Je10ws18))
oIL GAS sSOL1DS NUCLEAR SOLAR HYDRO TOTAL
usa .09 10.39 1.56 I5.92 5.89 .14 I7.19
CAMNADA & EUR 34.8C 15,72 .30 .12 J.64 11.27 79.56
OECD FACIFIC .09 2.43 .76 4,70 1.88 2.9 12,44
USSR/E. EUR. Tk, T4 43.9& 125.78 %5.08 .03 16.08 4w, &7
CHINA/ET.AL. ?.49 2.00 88.28 .83 cal 15.39 119. 34
HMIDDLE EAST 29.96 9.16 - &0 .7 1.10 2.08 45,467
AFRICA 29.09 2.26 13.20 1.55 + 63 iB. 3% 65,308
LATIN AMER 26.17 17.67 & 43 5.70 2.27 0. 44 78.68
S5.%E. ASIA &H.74 8.87 5,09 T.28 2.10 12.9% 40, 99
ALl RESTONS 193,38 112.65 244.09 50.52 19.77 1046.78 728.80
SECONDARY ENERGY DEMAND TABLE
(UNITS=EXAJOULES (Ju10ee18))
TOTAL CONSERY%
PURCHASED NONELED
LIQUIDS GASES S0LIDS ELECTRIC FUELS SQL4R TOTAL
usA 33.21 1T.63 4,86 <0.08 71.59 39.35 P1t.14
CANADA % EUR 15,08 12.21 7.01% 13.8% 48.11 9.0 57.12
DECD FACIFIC 9. 7= 4.346 S5.04 &. 74 Z3.74 4, 04 LR
UYSBR/E. EUR. jog IR0 19. bb 0.0z 1%.27 74,08 p{{Mt | 104,729
CHINA/ET.AL. 18.358 S.78 £9.04 9.74 8x.12 a7 107,89
mID.E EAST 146.1% 4,49 .8% 3.8 o9.12 1.6 44,77
AFRICA 14,79 5.53 11,26 7.94 9,11 .37 Te.a8
LATIN AMER 8,24 2,08 5.45 15,52 8.9 o5.1a 8T.52
S.4E. ASla 13.5%9 3.0 14,90 11.886 a45.85 16,70 &T. 13
AL REGIDONS 170,26 78.33 120, 2% 107,31 471,1% 171.28 &47.78
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(UNITS=EXAJOULES (J#1oes(8))

REF INABLE ENERGY DEMAND SUMMARY, BY REGIUON AND TYFE

SUMMARY TABLES FOR PERIOD M (CONTINUED)
(2=NOPT(6)

oiL GAS SOLIDS NUCLEAR SQLAR HYDRO TOTAL

USa 39.04 24.37 32.27 12.92 S.89 b.14 120.63
CANADA & EUR 18.10 20.09 19.42 ?.12 3.44 11.97 .22
0ECD FACIFIC 12.9a b.26 13.84 .70 1.88 .59 4Z.20
USSR/E. EUR. 8.0l 22.71 32.73 5.08 2.02 16.08 106, 46
CHINA/ET. AL. 23,22 6. 80 57.48 5.43 <24 15.59 106.97
MIDDLE EAST 14.99 &. 77 4.31 2.77 i.10 =.n8 33.98
AFRICA 16.31 b, b 15.15 1.55 .63 18.35% 58.67
LATIN AMER 35.96 12.50 19.73 3.70 2.27 20. 44 96. 41
S.4E. RSIA 146. 468 6.8% 30.24 -2 2.1¢ 12.93 74.11%
ALL REGIDNS 207.23 112.80 223.3% 50.352 19.77 106.38 722,11

REFINABLE ENERGY SUFFLY SUMMARY, BY REGION AND TYFE
(UNITS=EXAJOULES (JeiQes18))

o1L GAS SOLIDS NUCLEAR SOLAR HYDRO TOTAL

UsA .17 10.3%9 1.43 12.92 5.89 4. 14 37.15
CANADA & EUR 33.06 15.73 3.93 .12 I.64 11.97 79,44
DECD FACIFIC =13 2.83 .70 4.70 1.88 2.59 12.4]
USSR/E. EUR. 3. 74 4404 115.17 S.08 2.03 16.08 Z4b.13
CHINA/ET. AL. 14,61 2.03 80,92 3.43 .24 1%5.39 11&.8%
MIDDLE ERST .29.94 .18 -1 z.77 1.10 .08 45, 67
AFRICA 29.82 2% 12.0% 1.5% 63 18.335 &4.89
LATIN AMER 26.53 17.467 5.88 S5.70 .2 20.243 78, S0
S.%E. RSlA 7.02 8.87 4. 486 5.2 2.10 12.93 40,84
2Q07.04 112.80 225.38 30.32 19.77 106.728 721.8%9

ALL REGIONS

REF INABLE O1L SUFFLY SUMMARY BY REGION AND TYFE
(UNITS=EXAJIMAES (J#10se18))

usa

CANADA & EUR
QECD PACIFIC
USSR/E. EUR.
CHINA/ET.AL.
MIDDLE EAST
AFRICA
LATIN AMER
S.%E. ASIA

ALL REGIONS

CONVEN— UNCONVEN-

TIOMNAL T1ONAL SYNQIL TOTaL

.04 .04 - L -17
34.7B - 04 .24 T 06
.04 L8 ALY - 13
56.70 L8 7.00 67,74
.45 . 0d 4,92 14,861
29.9) .04 L0 V.58
29.04 .04 . T3 .82
<b. 13 .04 .b 26.57
4.70 <04 28 7.02
192.99 .39 13,488 <07 04
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TABLE 7.8. SUMMARY TABLES FOR PERIOD M (CONTINUED)
(2=NOPT(6)

=025 ENERGY FRODUCTION AND USNGE REFORT

OICDID.DQ...D‘QQ..I"ICO'.&"-. [ EX-2 2 0 28 3

REF INABLE GAS SUPPLY SUMMARY BY REGION AND TYFE
{UNITS*EXAJOULES (J#10+#18))

CONVEMN- UNCONVEN-

TIONAL TIONAL SYNGAS TOTAL
usa 10. 359 . 00 » 00 10.35%9
CANADA & EUR 15.72 .00 . 00 15.72
OECD PACIFIC Z.43 .00 L0 T.47%
USSR/E. EUR. 43,96 . 00 .07 a4.04
CHING/ET. AL, 2.00 Q0 .05 2.05
MIDOLE EAST 9.18 .00 P LAl %.16
AFRICA 2.%8 .00 101 2.06
LATIN AMER 17.67 - 00 .00 17.47
S.4E. ASIA 8.87 .00 - 00 8.87
ALL REGIONS 112,63 .00 . 13 1i2.80 o

REFINABLE SOLIDS SUFFLY SUMMARY BY REGION AND TYPE
(UNITS=EXAJOULES (J#10e+#18))

COAL BIOMASS TOTAL
usa .00 1.43 1.47
CANADA % EUR .00 .93 3.79=
DECD FACIFIC . 00 .70 .70
USSR/E. EUR, 112.%7 .20 115.17
CHINASET.AL. 78.27 =. 69 80. 9%
MIDDLE EAST .00 .60 &
AFRICA F.22 .77 12.09
LATIN AMER .20 3.68 5.88
S.%E. ASIA » 00 4. 56 4,66
- ALl REGIONS 202.73 oy -] 275.38

IMFORT SUMMARY, BY REGION AND TYFE
(UNTTS=EXAJOULES (J210#e19))

giL GAS COAL TOTAL
usa 38.87 13.78 50,87 87.489
CANADA & EUR ~-16.96 4,56 15.48 .88
QECD PACIFIC 12.81 .82 12.15 9.79
USSR/E. EUR, -35.73 ~71.72 .. -Bz.4az ~1Z9.47
CHINA/ET.AL. 8.61 4,74 T-2Z.2 -2.88
MIDDLE EAST -12.97 -T.4T .71 -11.69
aFRICA -13.51 4,19 .06 -a. 26
LATIN AMER G 873 -5.17 17.85 18.11
S.4E. ASIA 9. 84 -1.%8 5.9 =2.27
L]
TOTAL TRADE 79,17 0. 91 1US. b 15,74
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oIL GAS SOLIDS NUCLEAR SOLAR HYDRO TOTAL
USA 5.83 10.74 27.40 12.92 5.89 b.14 69.12
CANADA % EUR 3.04 7.87 o. 41 9.12 .54 11.97 48.05
QECD PACIFIC S.22 2.00 8.80 4.70 1.88 z.59 ar.18
USSR/E. EUR, b, B4 .03 12.73 S5.08 2.03 16.08 43,81
CHINAZET. AL, 4,64 1.03 .64 .43 <24 15. %9 35.58
MIDDLE EAST .79 2.24 3. 44 2.77 1.10 z.08 12.34
AFRICA 1.92 « 73 3I.8% 1.35 .62 18.55 z7.46
LATIN AMER 7.63 3.42 14.28 S.70 .27 20.44 So.74
S.4E. ASIA 3.09 3.19 13.34 5.26 z.10 12.97 39.92
ALl REGIONS 37.00 34,47 105.156 50.352 £19.77 106.58 353,30
ELECTRICITY SUPPLY SUMMARY, BY REGION AND TYFE
UNITS=EXAJOULES (J#10#+1B8) OF HEAT EQUIVALENTS
oI GRS SOLIDS NUCLEAR SAOLARR HYDRO TOTAL
USA 1.39 2.94 B.30 .75 1.71 1.78 0,08
CAMNADA % EUR .83 2.15 3.73 2.62 1.05 3.4%5 13.83
OECD PACIFIC .88 -1 , 2.435 1.37 .55 P 4] b. 74
USSRsE. EUR. 1.87 .83 3.83 1.47 59 &, 64 17.23
CHINA/ET,AL. 1.27 P - | 2.860 1.00 .07 4,352 9.74
HIDOLE ERST by .41 1.04 .80 <32 + B0 1.58
AFRICA «32 <23 t.17 . A% .18 3.36 7.54
LATIN AMER 2.09 97X 4,30 1.65 1) T.90 15.52
S.kE. ASIA .84 .87 4,01 1.54 .51 3.78 11. 64
ALL REGIONS 10,11 9. 42 31.63 14,463 5.73 30.79 162,31
SYNFUEL PRODUCTION SUMMARY, BY REGION AND TYPE
{(UNITS=EXAJOULES {JslO#=1B))
olIL GAS TOTAL SOLIDS
usa .09 .00 .09 -.1%
CANADA X EUR .24 .00 .24 -.5&
QECD FACIFIC L8 ) - .04 -. 08
USSR/E. EUR. 7.00 .07 7.07 =19, 61
CHINA/ET.AL. 4.92 .05 4,97 ~7.4é
HIGDLE EAST -0 . 00 . . M)
AFRICA 73 .01 .74 -1.11
LATIN AMER .Y Y « 00 .36 -.%4
S.4E. ASI]IA .=8 Q0 .29 ~, 43
ALL REG1ONS 12.866 .15 13.81 -z0.71

2005 ENERGY PRODUCTION AND USAGE REFORT
PO T Y T Y Y T X T S L R S AL e L e
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SUMMARY TABLES FOR PERIOD M (CONTINUED)

(2=NOPT(6)

ELECTRICITY DEMAND SUMMARY, BY REGION AND TYFE
UNITS=EXAJOULES (Je10=#1B8) OF PRIMARY EOUIVALENTS
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TABLE 7.8. SUMMARY TABLES FOR PERIOD M (CONTINUED)

(2=NOPT(#6)

207% ENERGY USE FER DOLLAR GNP AND FER CAPITA
e satAsitaEe AR ERIREETHIOBLRTHIORORBIRD

REGION POFLL.. BASE GNP FINAL GNP ENERGY USE E /GNP E/CAFITA
(MIL) (RIL 1973 US DOL} (EXAJOULES) Jel0se5/5 JetOesF/CAP

UsSA 28<. 5837. 745, 121.35 21.12 420.31
CANADA Lk EUR S28. b&bH67. &387. 83.99 12.75 159.06
QECD PACIFIC 164. 2172. 21351. 42.72 19.87 260,50
USSR/E. EUR. S16. I580. had-lM 104. 56 31.47 206.35%
CHINA/ET.AL. 1499, 2767, 2622. 10&.83 40.75 71.27
BIDDLE EARST 199. Z211. 2280. 34,32 15.03 172.44
HAFRICA 943, 2025. 2016, 9. 61 *9.57 63.22
LATIN AMER 718. 4143, 3874, 97.335 25.18 125.86
S.4E. ASlA 2515, 2761. 2591. 76.08 z29.36 30.2%
ALL REGIONS 7364, 32163, 31252, 729.91 o333 93,00

(234)
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SUMMARY TABLES FOR PERIOD M (CONTINUED)

( 2=NOPT(6)

20%0 ENERGY FRUDUCTION AND USAGE REFORT

FFFREFEFRARRRR ISR OCA RIS RARGIEER L. 8 )

PRIMARY ENERGY DEMAND SUMMARY, BY REGION AND TYFE

usA

CANADA & EUR
OECD FACIFIC
USSR/E. EUR.
CHINA/ET.AL.
MIDDLE EAST
AFRICA
LATIN AMER
S.kE. ASIA

ALL REGIONS

usa

CANADA 1 EUR
DECD PACIFIC
USSR/E. EUR.
CHINAR/ET.AL.
MIDDLE EAST
RFRICA
LATIN AMER
S.4E. AS1A

ALL REGIONS

usa

CANADA & EUR
QECD FACIFIC
USSR/E. EUR.
CHINA/ZET. AL,
MIDILE EAST
AFRICA
LATIN AMER
S5.4E. ASIA

ALL REGIONS

(UNITS=EXAJOULES {Je10QesiB))

DIL GAS SOLIDS NUCLEAR SOLAR HYDRO TOTAL
39.26 28,45 50. 11 16.90 8.87 6.29 149.87
15.481 24,11 36.86 12.25 &.43 12,08 107.35
11.22 8.52 21.47 3.91 I.10 .63 52,86
13.11 25.37 41.21 &.91 3.43 17.01 107.23
18.24 2%.8% 89.07 ?.75 S.1i2 19.239 165.32
19.95 11.05 17.45 B8.92 4.468 z.08 64.13
20.89 13.25 42.79 5.61 I.47 24,42 113.43
47.8% 17.92 60.01 14.63% 7.469 22.14 170.23
18.29 12.28 72.73 12.24 5. 42 14,09 134,07

204.38 144.81 431.71 94.14 49,40 120.05 1046, 29
PRIMARY ENERGY SUFPLY SUMMARY, BY REGION AND TYFE
{UNITS=EXAJOLRLES (JelOwe18))
oiL GAS SOLIDS NUCLEAR SOLAR HYDRQ TOTAL
.18 27.78 2.35 16.90 8.87 6.29 &2.57
9.32 13.93 S5.80 12.25 &, 43 12.08 59.83
.17 4.22 « 22 5.91 3.10 .63 17.36

26.82 45,43 246.09 5.91 I.83 17.01 T44. %9

9.32 7.21 175.85 .75 5.1 19.29 176,53
108.81 42,09 32 8.92 4.458 2.08 167.%1
Z35. b4 F.6L 26.92 &.561 T.47 4,43 f6.71
22,00 i3.31 11.73 14,45 7.69 20. 14 91,54

2.12 2.1% i0.1% 12.24 &, 47 14,07 47,073

~04.3B 16&6.B1 431.71 94,14 49, 40 120,05 106b6.49
SECONDARY ENERGY DEMAND TABLE
(UNITS=EXAJOULES (JrlQealB))
TOTAL COMSERVS
PURCHASED NOMELEC
LIGUIDS GASES SOL1DS ELECTRIC FUELS SOLAR TOTAL

34.86 12.47 4.32 26.42 81.07 61.82 142.90
13.94 15,43 7.7%9 19. 18 -S4, 34 1T.52 71.8&

9.56& 5.468 4.33 8.89 IB. 865 B, &s T7.32
on.Ta £3.29 12.22 16.96 74.71 .01 119.95
24.49 20.71 43,00 22,356 - 1310.7& .94 165.72
18.71 7.02 1.82 ?.73 7,08 Se. 04 93.12
16. 17 12.38 15.33 18.47 &2.47 11.3% 74,322
55.902 11.32 &.82 S1.89 B8L. 26 7.7 142,99
13.83 &. 98 23.01 23.13 £8. 94 “B.on 106. 95
191,27 114,48 119.74 177.19 ST, RO 35024 55,47
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TABLE 7.8. SUMMARY TABLES FOR PERIOD H (CONTINUED)
(2=NOPT(6)

2050 ENERGY FRODUCTION AND USAGE REFDRT

PO DRSSP RRRIESNRS RN ECAD IR NIRIP NG

REF INABLE ENERGY DEMAND SUMMARY, BY REGION AND TYFE
(UNITS=EXAJOULES (J21Qea1B))

oI 6AS SoLIDS NUCLEAR SOLAR HYDRO TaTAL
usa 45.135 28.48 39.21 16.90 8.87 4. 29 145.90
CANADA & EUR 17.47 24.32 28.8% 12.2 6£.4F 12.089 101.29
OECD PACIFIC 12.24 B. 40 16&.80 3.91 3.10 2.65 0,29
USSR/E. EUR, 29.63 26.78 32.23 6.91 3.463 17.1 1135.81
CHINA/ET, AL, 37.02 Z5.07 &9.70 9.75 3.12 19.29 145.96
MIDDLE EAST 19.94 11,05 13.93 8.92 4.68 2.08 &0, 82
AFRICA 23.9%0 13.54 33.48 6.61 3. 47 Z4,42 107,44
LATIN AMER I3.75 i8.08 46.97 14,45 7.6%9 22.14 1463.29
S.&E. ASIA z2. 40 12.52 5&. 93 12.24 &, 47 184,09 124,41
ALL REGIONS 263.52 170.0% 38.14 74,14 49, 40 120.03 1033.30

REF INABLE ENSRGY SUFFLY SUMMARY, BY REGION AND TYFE
(NITS=EXAJOES (J2102218))

ait BAS SOL1IDS NUCLEAR SOLAR HYDRO TOTAL
UsSA «33 27.80 2.00 14.90 8.87 &5.79 &2.38
CANADA &% EUR 10.12 13.99 4.548 12.335 b. 43 12.08 9.4
OECD PACIFIC .34 4.3 B 3.91 3.10 .47 17.17
USSR/E. EUR, &0, 463 48.09 192.59 6.%91 F. 63 17.01 329.08
CHINAYET. AL, 24.61 8.1é 9B8.49 ?.75 5.12 19.29 167,41
MIDDLE EAST 108.82 42.09 1.31 8.92 4,68 .09 167.90
AFRICA Z9.54 9.83 Z1.08 do&l Z.47 24,47 94,73
LATIN AMER 23.61 13.39 ?.20 14.563 7.69 ZZ.14 0., 6%
S.&E. ASIAR 3.52 2.26 7.98 12.24 I 14,009 456,351
ALL REGIOMS 263.382 17G.03 338. 13 4,14 4%, 40 120.0%5 10Z5.20

.

REFIMABLE QIL SUPPLY SUMMARY BY REGION AND TYFE
(URITS=EXAJOULES (JriGee]18))

CONVEN-~ UNCON/EN—

TIONAL TIONAL SYNDIL TOTaL
usa .09 . Q9 Pt .53
CANADAS & EUR ®.23 .09 . B0 | LA B
QECD PACIFIC .09 09 -.17, LI
USSR/E. EUR. 26.7a .08 33.91 0.8
CHINA/ET.AL.. 9.1%9 .12 17.2% Th.41
MIDDLE EAST 108. &6 16 Ve L00 1he. 82
AFRICA 25.3%0 .14 T.70 9.4
LATIN AMER 21.87 L1X 1.41 23,51
5.kE. ASIA 1.99 1T 1. 40 .52
ALL REGIONS 203,34 ¢ 1.0n4a 59, 14 Ter.az
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TABLE 7.8. SUMMARY TABLES FOR PERIOD M (CONTINUED)
(2=NOPT{6)

2050 ENERQY PRODUCTION AND LGAOE REORT

li.j”'l......."......'*.‘.Iﬁ.II.lIO.F

REFINABLE GAS SUPPLY SUMMARY BY REGION AND TYFE
(UNITS=EXAJOULES (Jeloss]18))

CONVEN- UNCONVEN~

TIONAL TIONAL SYNGAS TOTAL
uUsa 27.78 .00 .02 27.80
CANADA 2 EUR 13.95 «00 .04 13.99
DECD FACIFIC 4.22 .00 0L 4.23
USSR/E. EUR, 46,43 .00 1.84 48.29
CHINA/ET.AL. 7.21 . 00 ] 8. 16
MIDDLE EAST 42.09 .00 .00 42,09
AFRICA .62 .00 20 ?.87
LATIN AMER 15.31 .00 .09 13.3%
§.4E. ASIA 2.19 .00 .08 2.26
ALL REGIONS 166.81 - 00 3.75 170.05-

REF INABLE SOLIDS SUPPLY SUMMARY BY REGICN AND TYFE
(UNTTS=EXAJOULES (J#10#=18))

COAL BIOMASS TOTAL
usaA - 00 =00 2.00
CANADA & EUR - 00 4,54 4,354
0ECD PACIFIC .00 L] %6
USSR/E. EUR. 189.63 2.97 192.37
CHINA/ZET.AL. 74.08 4,41 98. 49
MIDDLE ERST .03 .28 1!
AFRICA 16.15 4.93 2i.09
LATIN AMER 2.91 &.28 .20
S.&E. ASlA .03 750 7.98
ALL REGIONS 302.82 35.351 338.17

IMPORT SUMMARY, BY REGION AND TYFE
(UNITSaEXAJOULES (J#10ss18))

oIL GAS CoAL
usa 45,42 . &8 37.22
CANADA & EUR 7.33 10.33 =4.31
QECD PACIFIC 12.90 4,37 15.85
USSR/E. EUR. -31.00 -21.91 . =1b0.24
CHINAZET.AL. 10.42 16.91 1 «=2B. T
MIDOLE EAST -B88.86 -31.05 12,867
AFRICA -5.44 8. 71 12,41
LATIN AMER 30.14 4,69 I7.77
5.4E. ASIA 18.88 10.26 48.94
’
TOTAL TRADE 125.01 $2.95 189.12 36779
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SUMMARY TABLES FOR PERIOD M (CONTINUED)

(2=NOPT(#6)

ELECTRICITY DEMAND SUMMARY, BY REGION AND TYPE
UNITS=EXAJOULES (J»10es18) OF FRIMARY EQUIVALENTS

aiL BAS SOLIDS  NUCLERR  SOLAK HYDRT TOTAL
usa .29 15.01 34,90 16.50 g.87 &6.529 91,25
CANADA & EUR .53 10.89 21.06 12.28 &. 43 1z.08 &5.23
DECD PACIFIC 3.68 2.92 12,28 5.1 3. 10 2.83 30.52
USSR/E. EUR. . B.89 3.0% 18.93 5.91 3.463 17.04 58, 46
CHINA/ET.AL. 12.54 4.3 26.70 9.75 §.12 19.29 77.76
HMIDDLE EAST 1.2% 4,03 12.31 B.92 4,48 2.08 33.27
AFRICA 7.77 2.9 1B.14 &6.b61 %.47 24 47 63.38
LATIN AMER 18.73 6.56 40,34 14.4% 7.69 22.14 109,92
S.4E. ASlA 6.57 5.54 33.92 12.24 6,87 14.0% 78.79
ALL REGIONS 72.2% =%,37 218.38 94,14 49,480 120.05  &09.39
ELECTRICITY SUPPLY SUMMARY, BY REGIDN AND TYFE
UNTTS=EXAJOULES (J#10a818) OF HEAT EQUIVALENTS
oIL GAS SOLIDS  NUCLEAR  SOLAR HYDRO TOTAL
usa 2.54 4,10 10.50 4.89 2.57 1.82 26.47
CANADA & EUR . %6 2.98 &.33 3.55 1.96 3.59 19.18
QECD PACIF1C 1.01 .80 3.6% 1.72 .90 .77 8.89
USSR/E, EUR. 2.43 .8% 9.6% z2.01 1.05 4,54 16.96
CHINA/ET.AL. .43 1.19 B8.0% 2.83 1,48 5.80 .56
MIDDLE EAST L3 1.10 3.70 2,81 1.37 .61 W7
AFRICA 2.13 .81 5.45 1.92 1.01 .10 19,42
LATIN AMER .12 1.79 12.07 4,2% 2,323 6.a2 31.8%9
S.4E. ASIA 1.B0 1.%2 10.20 .59 1.89 4,14 =12
ALl REGIONS 19.7% 15,14 65,468 27.37 14,36 34.89 177.1i9
SYNFUEL. PRODUCTION SUMMERY, BY REGION AND TYPE
(UNITS=EXAJOULES (J#10s21B8))
01L. 5AS TOTAL SOLIDS
usa . .02 .37 -.%h
CANADA 3 EUR .80 .08 .54 -1.2&
OECD FACIFIC .17 .01 .18 -.27
USSR/E. EUR. 31.81 1.86 I5.67 ~%3.50
CHINA/ET.AL. 17.29 .95 18.7a 27,76
MIDDLE EAST .ON (4] .01 -0t
AFRICA 3.70 LT =, 90 T
LATIN AMER 1.6) e Yeauvo -2.35
S.%E. ASlA 1.40 08 1.48 -7,z
59, 14 3.35 6578 93,57

ALl REGIONS
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SUMMARY TABLES FOR PERIOD M (CONTINUED)
( 2=NOPT(6)

REGION POPWL.. BASE GNP FINAL GNP ENERGY USE E/GNP E/CAPITA GNF /CAF
(MIL) (BIL 1975 US DOL) (EXRJOLALES) JelOes?/$ JelOws9/CAP $/CAP

usa <8B. 9721, ?_02. 14%.87 15.77 S20. 38 3IT9§2.
CANADA % ELUR 32, 11137. 10923. 107.323 7.85 194.11 197357,
QECD PACIFIC 147 . J491. 3437, S2.86 15.28 Ile.32 20382,
USSR/E. EUR. 535. 56472, SoT8. 107.Z% T0.47 01,19 9827.
CHINA/ET . AL. 1612, 6475, 3934, 165.352 27.76 112,55 695,
HIDDLE EAST 232. &308, 6806, &4.13 .71 274,44 28474,
AFRICA 1101. un74. Z4AZ4. 113.43 20.91 107.02 4526,
LATIN AMER =z. 103525, 9587, 170.23 17.74 206.84 115649,
S.*E. ASIA 2888. &N, &410, 136.07 21.23% 47.12 L220.
ALL REGIDNS B197. &5827. 63086, 1D6b. 4% 16.91 120.11 78696,
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TABLE 7.8. SUMMARY TABLES FOR PERIOD M (CONTINUED)

usa

CANADA & EUR
QECD PACIFIC
USSR/E. EUR,
CHINA/ET.AL.
MIDODLE EAST
AFRICA
LATIN AMER
S.&E. ASIA

ALL REGIONS

usa

CANADA % EUR
OECD PACIFIC
USSR/E. EUR,
CHINAZET. AL,
MIDDLE EAST
AFRICA

LATIN AMER
S.&E. ASIA

ALL REGIONS

usa

CANADA & EUR
QECD PACIFIC
USSF/E. EUR.
CHINA/ET.AL.
MIDDLE EAST
AFRICA

LATIN AMER
S.%E. AS[A

ALL REGIONS

(2=NOPT(6)

2073 ENERGY PRODUCTIOM AND USAGE REFORT
LALIS T P I RIIT LI IR Y LN Y ¥ Y P Ty

PRIMARY ENERGY DEMAND SUMMARY, BY REGION AND TYFE
(INITS=EXAJOULES (JelCes18))

aiIL GAS SOLIDS NUCLEAR SO0LAR HYDFD TOTAL
26.78 24,24 73.468 22.76 11.4% 6.8 172.43
11.95 21.26 8. 14 24.94 F.80 12,03 128,12
7.43 7.39 32.76 11.X4 A, 45, 2.63 66.22
.26 6.80 36,32 12.06 4,74 17.05 97.92C
24 17.82 142.886 22. 61 8.88 i?.72 212,18
23.35 12.84 346,22 22.00 B8.64 =.07 105,14
21.99 17.01 B3.47 t19. 48 7.364 23.00 172,20
3t.10 17.01 1035. 79 31.4& 12,44 22.23 220,23
14.19 12.0% 120.72 27.01 10.61 4,14 198,70

138,22 134,42 709.96 199.87 78,3t 121.14 (284,112

PRIMARY ENERGSY SUPPLY SUMMARY, BY REGION AND TYPE
(UNITS=EXAJOULES (Js10s+18))

oI BAS SOLIDS NUCLEAR S0LAR HYDRO TOTAL
31 12.346 3.5 29.76 i1.49 6.8 L
6.54 « Q0 7.8% 28,94 ?.80 12.02 61.21

+ 30 - 00 1.49 11. 34 4.44 .67 S0, 42
3.02 .00 3946.75 i2.08 4.74 17.0% 4T3. 62

- £8 i2.03 221.76 2. 81 8.88 1?9.72 285.08
101.09 80,78 2.38 22.00 8.464 2.07 216.94
wha17 29.2 39.97 18. 48 726 Looam 1451.15
- 32 . 00 19,2 31. a8 12,44 £2. 2% B5.84
3.14 1,77 16, 64 T x7.01 10.61 iq4.14 75.28
12B. 20 136,93 709,77 19%9.87 TB.5) 12i.14  1287.91

SECONDARY ENERGY DEMAND TABLE
(UNITS=EXAJOURES (Jel0ee18))

TOTAL COMSEF.S
PURCHASED NONELEC
LIgUIDS GASES S0LIDS ELECTRIC FUELS SOLAR TOTaL

38. a6 11.87 3.69 .76 a4. 79 81.57 168,32
13.81 11.0% 7.2 Ta.T9 %8, 47 2T.41 gc.8g
9.&5 4,88 4.4 1=.11 0. 88 12,7 47,68
18. 53 18.87 1Z.64 19.84.: . &%.89 z4.28 124,17
5.99 f1.28 45.93 zT.6% 127.87 TE.1S  To%.98
~1.71 8.°1 1.8% 17. &0 849,41 90, B 140, 21
18.14 13.9% 17.96 z9.79 79. 48 TT.63 (0%, T
35,11 1.0 7.01 45,51 °8. 86 B7.07  18%.94
14. 34 7.04 =%. %8 34.43 BZ.19 %8.84 141.05

197.9¢6 108. 2% 173.43 =P B &B3.85 S16.357 1200,38

(2407



219

TABLE 7.8. SUMMARY TABLES FOR PERIOD M (CONTINUED)
(2=NOPT(6)

207% ENERGY FRODUCTION AND USNAGE REFORT
PO e T Y S S sl L LA Ll e i h st i

GEF INABLE ENERGY DEMAND SUMMARY, BY REGION AND TYFE
(UNITS=EXAJOULES (J=10ss18))

OiL GAS SOL1DS NUCLEAR SOLAR HYDRO TOTAL
usa 48.43 24,47 45.89 29.74 11.69 &.7B 166.52
CANADA & EUR 17.91 21.73 36.21 24.94 9.80 12.03 I2.462
QECD PACIFIC 13.081 7.351 20.40 11.34 4,456 Z2.63 60.15
USSR/E. EUR, 27.%0 21.3%9 35.08 12.06 4.74 17.935 118.22
CHINAZET.AL. 43.55 25.%99 88.98 2Z.61 B8.88 19.72 209.72
MIDDLE EAST 23.47 12.86 22.56 rangiel) 9.4 2.07 F1.61
AFRICA 31.22 17.84 z1.98 18.48 T.ab 25.00 151.81
LATIN AMER 3%.33 17.88& &5.8%9 Jl.4d 12.488 2T.0F 209. 61
S.LE. ASIA 24.88 12.74 75.19 27.01 10. 61 14.14 164.57
ALl REGIDNS 290.70 1462. 4% 442.18 199.87 78.351 121.14 1294.82

-

REF INABLE ENERGY SUFFLY SUMMARY, BY REGION AND TYFE
(UNITS=EXRJOULES (J+10#+#18))}

aI1o GAS SOLIDS NUCLERR SOLAR HYDRO TOTAL
usa 1.07 12.469 2.19 2%.74 11.6% 4.28 6. 68
CANADA & EUR .24 - 4.92 24.94 .89 12,03 60.22
OECD PACLIFIC y-T1 .06 1.035 11.34 4, 44 2.63 20.20
USSR/E. EUR. 88.25 14,53 247,11 12.06 a.74 17.05 383.74
CHINA/ET.AL. 47.92 2W. 18 138.12 22. 461 8.88 19.72 57,40
MIDDLE EAST 101. 460 80.84 1.47 22.00 B. b4 2.07 216,64
AFRICA 29.74 30.73 24.899 18. 48 7.28 o5.00 136,12
LATIN AMER 4. 45 .70 11.96 3t.66 1Z.44 22.27 83.4%
S.%E. RSIA B.74 2.38 10.36 L 27.01 10. 41 14.14 73.27
ALL REGIONS 290. 67 162.41 442,07 19%.87 78.351 iTt.14  1294.487

REF INAPLE OIL SUPFLY SUMMARY BY REGION aND TYFE
(UNITS=EXAJOULES (Jei0»el8))

CONVEN— UMCONVEN-

TIDNAL TIOMNAL SYNOIL TOTAL
usa .13 .19 .78 1.927
CcaNADA % EUR 6.28 .16 L. 70- 8.24
DECD PACIFIC .13 .15 Y .ab
USSR/E, EUR. Z.88 .14 .. 85.T% 88.7s
CHINA/ET.AL. L 00 .29 ‘47,54 47.92
MIDDLE EAST 100. 64 A5 .21 101,40
AFRICA 20.79 .z 8.%5%9 o974
LATIN AMER - .00 i e 412 4,35
S.4E. ASIA 4.D4 i< 3.57 g.74
ALL REGIONS 135.84 2.38 152.47 299.87
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TABLE 7.8, SUMMARY TABLES FOR PERIOD M (CONTINUED)
(2=NOPT(6)

207% ENERGBY PRODUCTION AND USAGE REFORT

EXY FYPYFFF STy I T YR Y S LR 2 2 2 2 A 0 2 -2 2 424 2 3 L 2

REF INAPLE GAS SUFFLY SUMMARY BY REGION AND TYPE
(UNITSSEXAJOULES (J#10ee1d))

CONVEN= UNCONVEN-

TIOKRAL TIONAL SYNGAS TOTAL
usA 12.36 .00 Y 1 12,69
CANADA & EUR =00 .00 .29 .29
DECD PACIFIC .00 + 00 . 0é6 208
USSR/E. EUR. .00 {1 14,53 14,53
CHINAZET.AL. 12.03 .00 8.12 20.146
MIDOLE ERST 80.78 .00 .09 80.86
AFRICA 2%.27 - 00 1.486 30.72
LATIN AMER GO .00 + 70 .70
S.4E., ASIA .77 00 bl 2.38
all. REGIONS 136,41 . 00 26,00 i62.41

REF INABLE SOLIDS SUPPLY SUMMARY BY REGION AND TYFE
{UNITS=EXAJOULES (J#10+e18))}

coaL RIDMASS TOTAL
usa - 00 2.19 2.1%
CANADA % EUR . Q0 4,92 4,92
DECD PACIFIC - 0N 1.0% 1.05
USSR/E. EUR. <43.93 3.17 247.11
CHINA/ET.AL. 132.34 5. 56 128.12
MIDDLE EAST O3 1.42 1.47
AFRICA 18.24 6.43 24.8%9
LATIN aMER 3.8¢& 8.10 1i.9&
5.%E. ASIA - 08 10.31 10, 36
Al REGIONS 398. 69 43.37 442,07

IMFORT SWMMARY, BY REGION aND TYFE
(UNITSeEXAJOULES (JetOeeiB))

o1 GAS coaL TOTAL
usa 47.3 11.78 £%.70 102,85
CANADA % EUR 9.66 T1.44 31,09 6T, 10
OECD FACIFIC 13.16 7.95° ,, 19.35 I9.94
USSR/E. EUR. -60.75 6.8% .03 ~28T, 53
CHINA/ET. AL . -4,37 5.87 a9, 14 ~47.68
MIDDLE EAST =78.12 -85, 00 1. 0% ~125.04
AFRICA 1.47 ~-12.88 S7.09 £.68
LATIN AMER o5.08 17.16 b 126.18
S.kE. ASlA 16,15 10.74 64,873 91,37
TOTAL TRADE 182.85 ' @o.88 Tel.t 2 484,90



TABLE 7.8.

oI1L GAS SOLIDS NUCLEAR  SOLAR HYDRD TOTAL
UsA 9.77 12.80 42,19 29.78 11.&9 6.28 112.%0
CANADA L EUR 4.09 10.48 29.00 24.94 9.80 12.03 90.%4
OECD FACIFIC 4,18 2,83 16.16 11.34 445 Z.63 41,57
USSR/E. EUR. 9.37 2.52 22. 84 12.06 4,78 17.05 58, 16
CHINA/ET.AL. 17.56 4,72 42,08 oT.81 8.88 15,72 115,54
MIDDLE EAST 1.77 4.54 20,67 22,00 8.604 .07 £9.79
AFRICA 13.08 3.87 34.43 18.48 7.26 I5.00 102,11
LATIN AMER 24,42 &.41 s5.88 T1.66 T.44 2.2 156,28
S.ME. ASIA 8.52 5.71 %0.83 27.01 10. 81 14,14 116.81
ALL REGIONS 92.74 %4.19 316.65 199.87 78.%1 121.14 843.10
ELECTRICITY SUFPLY SUMMARY, BY REGION AND TYFE
UNITS=EXAJOULES (Jei0weiB) OF HEAT EQUIVALENTS
oIL GAS SOLIDS NUCLEAR  SOLAR HYDRO TOTAL
usa 2.47 3.50 12. 69 8.47 3.40 1.83 32.74
CANADA & EUR t.12 2.92 B.72 7.27 2.8% 3.5 26.39
DECD PACIFIC 1.14 .72 4,84 3.32 1.20 .77 12011
USSR/E. EUR. 2.56 e 6.75 3.51 1.38 £,97 19.86
CHINA/ET.AL. 4,80 1.29 12. 6% 6.59 2.%9 5.74 33.63
M1DDLE EAST .48 1.27 &.22 6. 47 z.S4 .81 17. 60
AFRICA 3.%8 1.06 10.35 .39 2.12 7.29 29.79
LATIN AMER 6.68 1.8t 17.71 9.22 3.62 6.38 45,51
S.LE. ASIA 2.33 1.56 15.29 7.9 3.13 4,17 34.42
ALL REGIONS o8.35 14,81 95.23 58,41 22,94 TS.T6 I5.11
SYNFUEL PRODUCTION SUMMARY, BY REGJON AND TYPE
(UNITS=EXAJOLLES (Jw#i0#218))
oIl GRS TATAL sSOLIDS
Ush .76 W13 .88 -1.73
CAHADA & EUR 1.70 ) 1.98 -2.98
OECD FACIFIC . b PR3 .4z -. &4
USSR/E, EUR. 85,23 16.53 99.74 147, 54
CHINA/ET.AL. 47, 64 8.1z 5.7 -23.64
MIDDLE ERST .51 .09 = I ae
AFRICA 8.%9 1. 45 1. 0% -15. 07
LATIN AMER 4.1z LTO e . 48T -7.24
S.4E. ASIA 3.57 .81 4.18 -6.79
ALL REGIONS 152,47 . 26. 00 178.47 -zt 70

221

(2=NOPT(6)

207% ENERGY FRODUCTION AND USAGE REFORT
P T P YT I ISR L ST IR I TR S TS L)

ELECTRICITY DEMAND SUMMARY, BY REGION AND TYFE
UNITS=EXAJOULES (J#l0=#18) OF PRIMARY EQUIVALENTS

SUMMARY TABLES FOR PERIOD M (CONTINUED)
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TABLE 7.8. SUMMARY TABLES FOR PERIOD M ( CONTINUED)
(2=NOPT(6)

207% ENERGY USE FER DOLLAR GNP AND FER CAPITA

...‘0’“”‘...*".'0"0.ﬁ’.*’lﬂ‘.‘..i.’.#.'.*.'

REGION POPUL. BASE GNF FINAL GNF ENERGY USE E/GNF ESCAPITA GNP /CAF
I (BIL 1975 US DOL} {EXAJOULES) JeiOwes/% Ja1Qs+9/CAP §/CAF

usa 292, 14790, 14386. 172.43 11.99 590,352 49266,
CANADA & EUR S62. L7440, 17022, 138.12 B.11 245,76 InZee.
DECD PACIFIC 169, 5333, 5233, &46.22 12,635 391,82 Jogs?.
USSR/E. EUR. J41. Bl4s. 7565, 97.92 12.94 181.21 13983,
CHINA/ET.AL. 1647 . 13089. 11962, 212.14 17.73 128.80 72635,
MIDDLE EAST 241, 15739. 1435460, 105.14 6.33 435,33 48713,
AFRICA §i150.. 12741. 12420, 173.20 13.95 150. 61 108010,
LATIN AMER 84%9. 22457. 20097. 220.23 10.9& 239, 40 23671,
S.+E. ASIA 2993, 15042, 13587, 198. 70 14. &2 66,33 4537,
ALl REGIONS Beds. 125080, $18873. 1394,11 11.465 16Z.88 14070,

(244)



TABLE 7.9.

223

PRICE DATA TABLES FOR PERICD M

(2=NOPT(7)

1975 ENERGY PRICE REFORT
SEEGATERRSRERENRATER RIS

PRIMARY ENERGY PRICES

a8y MODE
(1975 U.S. DOLLARS PER GIGNAJOULE)

REGION oIL GAS SaL1IDS NUCLEAR SOLAR-ELEC HYDRO
WORLD 1.94 63 .51
usa 1.94 «b3 . 51 &.832 200, 60 4.0%
CANADA & EUR 2.93 &.25 1.77 6.83 402. 40 4,03
OECD PACIFIC 2.18 &.3% .85 6.83 =81.80 4.03
USSR/E. EUR. 1.84 = - 6.83 402.40 4.03
CHINA/ET.AL. 1.98 .63 .51 &.83 I21.40 4.03
MIDDLE EAST .18 -31 .89 &.87 128. 60 4.03
AFRICA 3.98 =3 .85 6.8 144.00 4,03
LATIN AMER 1.97 &3 .72 $.83 321.40 4.03
S.4E. ASIA 1.48 .63 .92 6.83 200.60 4.03

ELECTRIC POWER GENERATION COSTS
BY MODE
11975 U.S. DOLLARS FER GIGAJOULE)

REGION oIL GAS SOL1IDS NUCLEAR SOLAR-ELEC HYDRO
USA 10.50 7.12 9.43 2.19 =21.78 6.12
CANADA % EUR 13.4% 19.44 12.45 9.19 447012 6.12
DECD FACIFIC 11,44 2B8.13 10.57 7.19 JI0.&D b.12
USSR/E. EUR. 2.3 8.u7 8. 44 ?.19 44T 17 6.12
CHINA/ET. AL, ?.351 8.07 B.47 .19 354.28 6.12
MIDDLE EAST 10.77 &.52 ?.56 .19 142,77 6.12
AFRICA 12.77 8.07 ?.56 ?.19 159.67 6.12
LATIN AMER 9.3 8.07 .79 9.1 I54.28 &.12
S.4E. ASIA 11.42 8.07 .79 9.1% 221.76 &.13

. SECONDARY ENERGY FRICES
By MODE .
(1973 U.S. DOLLARS PER GIGAJOULE)

REGION LIQUIDS GASES SOLIDS ELECTRIC
usa 3.5& .97 .77 B8.73
CANADA & EUR 4.25 b.50 2.3 10, 59
OECh PACIFIC T.60 b.74 1.11 10,71
USSR/E. EUR. 3J.36 .97 .78 .72
CHINAET.AL. 3.480 .97 .77 TuTI
MIDDLE ERST 1.6l -1 1.11 8.8l
AFRICA .2 .97 .11 F.09
LATIN AMER .37 .97 1.18 7.a4
S.%E. ASIA 3. 11 .97 i.18 S.10
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TABLE 7.9, ©PRICE DATA TABLES FOR PERIOD M (Continued)
(2=NOPT(7)

=oun ENERGY FRICE REFORT
PEARBGBEREREEDL LS GATRED

PRIMARY ENERGY PRICES

BY MODE
(1975 U.S5. DOLLARS FER GIGAJOULE)

REGION (1348 GAS SOLIDS NUCLEAR SOLAR-ELEL HYDRO
WORLD 2,463 .83 .61
usa 2.70 2,35 .78 8.97 %4.%8 4,03
CANADA & EUR 3,99 4.05 1.61 B.97 77.20 4,03
QECD FACIFIC 2.97 3.49 .78 B.97 b4. 67 4,02
USSR/E. EUR. 2.70 .75 .78 B.%7 77.30 4,03
CHINA/ET.AL, 2.70 2.25 .78 8.97 &%.0% 4.03
MIDDLE EAST 1.08 1.58 .78 B.97 43,70 4.03
RFRICA 4.04 .25 .7 8.97 44,24 4,03
LATIN AMER 2.75 2.2% .Bi B.%97 &£9.09 4,03
S.ME. ASIA 2.70 2.2% .81 B.97 54,58 4.03

ELECTRIC POWER GENERATION COSTS .
pY MODE
(197% U.S. DOLLARS FER GIGAJOULE)

REGION oIL GAS SOLIDS NUCLEAR SOLAR-ELEC HYDRD
usa 11.84 11.48 10.22 11.54 &1.57 6.12
CANADA & EUR 15.92 14.48 12.03 11.54 8450 &6.17
QECD FACIFIC 12.95 17.98 10.32 11.54 72.504 6,17
USSR/E. EUR. 10.%6 14,02 ?.32 t1.54 84.50 &.12
CHINA/ET.AL. 10.5%6 14,02 9.7 11.54 77.37 &.12
MIDDLE EAST 14.24 11.5% ?.57 11.%4 49 54 &. 12
AFRICA 12.9% 14.02 9.32 11.54 52,47 &.12
LATIN AMER 10.44& 14,02 9.42 11.54 77.39 &.12
S.4E. ASIA 13.67 14,02 .42 11.54 &1,57 4,12

SECOMDARY ENERSY PRICES
BY MODE
(1975 U.S. DOLLARS PER GIGRJOULE) .

REGION LIoUIDS GASES SOL1DS ELECYFIL
TuUsA 4.12 .40 1.04 1y, e
¢ANaDa & EUR =.42 4,40 1.87 10,50
QECD FACIFIC Ta.79 3.684 j.048 10, 88
USSR/E. EUR. 4,12 .60 1.04 .65
CHINA/ET.AL. 4,12 2,80 1.04 8.5
MIDDLE EAST 2,50 1,93 1.04 11.72
AFRICA 5.47 .80 }.04 9.20
LATIN AMER 4,17 .60 1.07 8.1%
S.LE. ASIA 4.12 z.60 1.07 9.8
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TABLE 7.9. PRICE DATA TABLES FOR PERIOD M (Continued)
( 2=NOPT(7)

207% ENERGY FRICE REFORT
SBSHERRBETRIFLERLIBREOTRY

PRIMARY ENERGY PRICES

BY HMDDE
(1973 U.S. DOLLARS FER GIGAJOULE)}

REG1ON QIL GAS . SOLIDS NUCLEAR SOLAR-ELEC HYDRO

WORLD 3.78 1.37 70
UsA 3.83 2.79 .87 10,53 i4.85 4,03
CANADA % ELR S.866 3.91 1.32 10.33 14.85 4.03
QECD PACIFIC 4.2% 3.49 .87 10.335 14.85 L P
USSR/E. EUR. 3.83 2.7 ° .87 10.53 14,85 4,03
CHINA/ET. Ax.. 3.82 2.79 .87 10.53 14.8% 4,02
MIDDLE EAST 2.48 2.37 .87 10.353 14.83 4.03
AFRICA 3.83 2.79 .87 10.3533 14.8% 4,03
LATIN AMER 3.83 2.79 .87 16.53 14,83 4.03
S.&E. ASIA 3.83 2.79 .87 10.33 14.85 4,03

ELECTRIC POWER GENERATION COSTS

BY HODE "
(1973 U.S. DOLLARS PER GIGAJOWLE)

REGION oIL . GAS SOLiDS NUCLERR SOLAR-ELEC HYDRO
usa 3.83 12.95 10.62 13.25 17.99 65,12
CANADA & EUR 19. 47 14.13 11.78 13.235 17.99 6,12
OECD PACIFIC 15.24 17.%98 10.62 13.25 17.99 -2 34
USSR/E. EUR. 12.22 16.00 F.62 15.35 17.99 6.12
CHINA/ET.AL. 12.22 16.00 .62 13,25 17.9%9 b5.123
MIDDLE EAST 20. 84 14. 44 ?.62 13.33 17.99 6.12
AFRICA 12.57 16.00 ®.62 127.2 17.9%9 6.12
LATIN AMER 12.24 16.00 9.62 12,55 17.99 [- T by
S.kE. RSIA 16.17 16.00 9.62 13.25 17.99 b 12

- SECONDARY ENERGY PRICES

BY MODE
{1975 U.S. DOLLARS PER GIGAJOULE)
REGION LIGUIDS GASES SOLIDS ELECTRIC
., usa 5.7 3.14 1.13 11.53

CANADA & EUR 7.09 -1 1.78 11.22
DECD PACIFIC =.e3 3.8 1,17 11.78
USSR/E. EUR. 5.3% S.14 1.13 11.31
CHINA/ET.AL. 5.7 314 1.13 9.57
MIDOLE EAST 4.10 .72 1.13 12.57
AFRICA 5.25 3.14 1.13 10.26
LATIN AMER =23 3.14 1.1 8.89
5.%E. ASIA 5.2% 3.14 1.17 16,70
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TABLE 7.9. PRICE DATA TABLES FOR PERIOD M (Continued)
(2=NOPT(7)
“0%50 ENERRBY FRICE REFORT
SRR BBEBORARSA BRGNS
PRIMARY ENERGY PRICES
BY MODE
(197% U.S. DOLLARS PER GIGAJOULE)

REGION oIL GAS SDLIDS NUCLERR SOLAR-ELEC HYDRO
WORLD 4.71 2.29 .89
usa 4.78 3.71 1.06 11.68 14.85 4.0%
CANADA & EUR 7.07 4,45 1.59 11.68 14,865 4,03
QECD PACIFIC 5.26 3.71 1.06 11,68 14.85 4.03
USSR/E. EUR. 4.78 3.71 1.08 11,68 14,05 4,03
CHINR/ET. AL. 4.78 3.71 1.06 11.68 14.85 4.03
RIDDLE EAST &,78 3.7 1.06 11.48 t14.85 4.03
AFRICA 4.78 3.71 i.06 11.68 14.8% 4,03
LATIN AFER 4.78 3.71 1.06 11.68 14,85 4.03
S.%E. ASIA 4.78 3.71 1.06 11,48 14.8% 4.03

ELECTRIC POWER GENERATION CDSTS
BY MODE
{1975 U.S. DOLLARS PER GIGAJOULE)

REGION oIl GAS SOLIDS NUCLEAR SOLAR-ELEC HYDRO
usa 1%5. 54 15,39 11.25 14,51 17.99 6.12
CAHADA % EUR 22.40 15.38 11.96 14.51 17.99 6.12
OECD PACIFIC 17.35 18.73 11.23 14.51 17.99 6,12
USSR/E. EUR. 13.61 19.355 10.25 14,51 17.99 &.12
CHINA/ET. AL. 13.41 19.33 10.73 14.51 17.99 b.12
HMIDDLE EAST 28.58 19.35 10.75 14.51 17.99 6.12
AFRICA 14.03 19.33 10.75 14,351 17.99 6.17
LATIN AMER 13.54 19.35 10,75 14,51 17.99 &.12
S.&E. ASIA t8.28 19.33 10,25 14.51 17.99 6.1

- SECONDARY ENERGY FRICES
BY MODE
{1975 U.5. DOLLARS FER GIGAJOULE)

REGLON LIGUIDS GASES SOLIDS ELECTRIC

usA 4.0 4,08 .22 .57

* CANGDA L EUR 8.50 4.80 1.85 11.66
QECD FACIFIC 6.8 4,06 1.32 12.49
USSR/E. EUR. &.20 4,06 1.32 iT.18
CHINAZET. AL, &.20 4.06 1.33 10.59
WMIDDLE EAST &.20 4.0& 1.22 17,81
AFRICA 6.20 4.08 .1z 11.04
LATIN AMER 6.20 4,06 1.32 .11
5.LE. ASIA 4.20 4.06 1.32 11,37
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TABLE 7.9. PRICE DATA TABLES FOR PERIOD M (Continued)
(2=NOPT(7)}

~07% ENERGY PRICE REFORT
FReessn iR RRARESARRRGDR

FRIMARY ENERBY PRICES

BY MODE
(1975 U.S. DOLLARS FER 51GAJOLRE}

REGION [+}y GAS S0L.1DS NUCLEAR SOLAR-ELEC HYDRO

WORLD 5. 41 3.20 .99
Usa 5.48 4.42 1.1é 10. 46 14.85 4,07
CANADA & EUR a.11 S.54 1.7% 10. 48 14.8% a4.03
CECD PACIFIC 4.03 4.62 1.16 10,46 14.85 4,03
USSR/E. EUR. 5.48 4,62 1.16 10, 46 14.85 4,03
CHINAZET.AL. s.48 4,62 .16 10. 46 14,83 4.03
MIDDLE EAST 3.48 4.62 1.16 10. &8 14.893 4.02
AFRICA S.48 4.462 1.16 10. 44 14.83 4,03
LATIN AMER S.48 4.62 1.16 10. 46 14.85 4,935
5.%E. ASIA 5.48 4.562 1.16 10, 46 14.85 4.03

ELECTRIC POWER GENERATION COS7S

BY MODE . "
(197% U.S. DOLLARS PER BIGAJOWLE)

REGION oIL GAS SOLIBS NUCLEAR SOLAR-ELEC HYDRO
ush 165.79 17.83 11.60 13.18 17.99 6. 32
CANADA % EUR 24.5% 17.86 12. 40 13.18 17.99 &.12
QECD FACIFIC 18.83 21.94 11.60 13.18 17.99 &.12
USSR/E. EUR. 14. 564 22.48 10.460 1Z.18 17.99 &.12
CHINA/ET. AL, 14. 64 22.48 10. 560 17.18 17.99 6.32
MIDDLE ERST 31.31 22.68 10, &0 13.18 17.99 6. 12
AFRICA ~ 15.11 22.468 10.60 13,18 17.99 6. 12
LATIN AMER 14.47 22.68 10. 60 13.18 17.99 5.1
5.4E. ASlA 15.84 22.568 10. 460 13.18 17.99 6.12

SECONDARY ENERGY PRICES

BY MODE
(1975 U.S. DOLLARS FER GIGAJOULE)
REGIDN LIoULDS BASES SOL1DS ELECTRIC
LUsA &.91 a.97 1.4T 12.71
CANADA 4 EUR 7.54 5.89 2.0 11.72
QECD FACIFIC 7.4& 4,97 1.42 12,49
USSR/E, EUR. 6.91 4.97 1.42 12,73
CHINA/ET.AL. 6.7 4,97 1.42 10.71
MIDDLE EARST 6.91 4,97 1.47 13,40
AFRICA &.91 4,97 1.42 11-16&
LATIN AMER .91 4,97 1.42 9.70
LLE. ASIA 6.91 4,97 1.&2 11.47
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TABLE 7.10. CARBON DIOXIDE OUTPUT FOR PERIOD M
(2=NOPT(8)

197% COZ EMISSIONS REFORT

FYYY R T LR ER R LS L 2 L2 A L AR g

CO2 EMISSIONS BY REGIOM AND PRIMARY EMERGY SOURCE
UNITS: 10ses TONNES OF CARBON

COnvV SHALE

REGION o1l oIL SYNDIL CoAL SYNBNS GnS TOTAL
usa 384, 0. 0. 408, . 8S. 10%6.
W EUR + CAN 87. 0. 0. 278. 0. 116. 471,
DECD PACIFIC 17. o. a. P a. 4. 8s.
USSR/E. EUR. 408. 0. 0. 612, 0. 160, 1179.
CHINA/ET.AL. =9. Q. u. 3%6. o, o, 417.
MIDDLE EAST 717. a. 0. 1. o, 15. 733
AFRICA 202, 0. 0. 52, 0. s, 5%,
LATIN AMER 182, o. 0. 9. 0. 14, 205,
S.kE. ASIA &9. o. ©. o4, 0. 10. 142,
ALL REGIDNS 2129, 0. . 1792. 0. 550, 507,

2000 CO2 EMISSIONS REFORY

SERCRBERACORARLERRTEHBRERETD

cO- EMISSIONS BY REGION AND FRIMARY ENERGY SOURCE
UNITS: 10e«& TONNES OF CAREBON

CONv SHALE

REGION oIl oiL SYNGIL coaL SYHGAS GaS TOTAL
Usa 0. Q. o. 0. o. ©1. 5.
W EUR + CAN %5, 0. 0. Q. 0. 9. 44,
DECD PACIFIC 0. 0. o. 0. . 1. il.
USSR/E. EUR. 434, 0. 17. 1441, Q. 374, oT07.
CHIMA/ZET.AL. 192 a. o. 1294, o. T. 1492,
MIDDLE EAST BO4. o. 0. 3. 0. 2. 8w,
AFRICA 555, o, 3. L SRT. . &. 785.
LATIN AMER 4%9, Q. o, an, 0. e, 547,
S.kE. ASIA 47, 0. Q. =60, O. 5. TS,
ALL REGIONS 2745. . z0. 3TB1. 0. &T4A, avol.

2025 COZ EMISSIONS REFORT
IRERIRNGIRAALEISRDBSIDBND

CO2 EMISSIONS BY REGIOM AND PRIMARY ENERGY SOURLE
UNITS: 1Qess TONNES OF CAREON

CONY SHALE

REGION oIL alL SYNOIL coAL SYNGNS GNS TOTAL
usa 1. b 0, 0. e 147, 145,
W EUR + CAN 626, 1. 0. Q. . 0. jul) g 849,
DECD FACIFIC 1. 1. Q. 0, ) . . Z4.
USSR/E. EUR, 1015, 1. 3. ~&81. T w33, 4575,
CHINA/ET.AL. 177. 1. 1562. 1BST. . z7. gl -S8
HIDDLE EAST FO&. 1. 0. 0. qa. 173, 671,
AFRICA ST, 1. L o=l 0. T 8Ia.
LATIN aMER 4B, 1. 3. 2. u. 79, 776.
-6.4E,- ASIA 121, 1. 0. 0. o, o, jad. bngh
ALL REGIONS a9, g, 418, apil. 5. [Rtnd 4R 10255,
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TABLE 7.10. CARBON DIOXIDE OUTPUT FOR PERIOD M (Continued)
(2=NOPT(8)

2050 €02 EMISSTUNS RECORT

4000 RAS i ENBtERREREREHS

Co> EMISSIONS BY REGION AND FRIMARY ENERGY SOURCE
UNITS: 10ses TONNES OF CARNBUN

CONY SHALE

REGION oIu o1lL SYNOIL CoAL SYNGAS BGAS ToTAaL
UsA 2. 4. 0. 0. 0. V5. B1.
W EUR + CAN 169. 3. Q. Q. 0. 18a. 360,
DECD PACIFIC 2. 4. Q. 0. 0. 57, [
USSR/E. EUR. 479, 3. 112t. 4300, CTH 627, 6795,
CHINA/ET.AL. 168, 3. S64. 2235 3. Q7. 98,
MIDDLE EAST 183%. 4, Q. 1. 0. Sa9. 2412,
AFRICA 487. 4. 100. zes. S 139, 1109,
LATIN AMER 401. 3. 18. 69, 1. 180, &72.
S.&E. ASLA 3b. 3. O. 1. 0. 0. 70.
ALL REGIONS 3583, Sl 1803, 7187, 103. =338, 14958.

2075 C0O2 EMISSIONS REPORT

FerrryrY TS ST L SR 20 8 o nd i)

CO- EMISSIONS BY REGION AND PRIMARY ENERGY SOURCE
UNITS: L1Oo==& TONNES OF CARBON

CoNv SHALE

REGION oIL oIL SYNDIL coAL SYNGAS GAS TOTAL
usa 3. 7. o. 0. Q. 169, 179.
W EUR + CAN 117. 3. 0. 0. a. 2. 122,
QECD FACIFIC 3. b, [+ 0. 0. 0. L
UssSk/E. EUR. 32, &. =BZ3. 5789, S04, D, 184,
CHINA/ET, L. 0. 7. 1563, 3146, 274. 163, 5152,
H1DDLE EAST 1703, 10, 1. i. o. 1091. 2804,
AFRICA 397. 10. 221. ATI. se. 39%. 1454,
LATIN AMER 0. B. 46. 92, a. 0. 1%z,
S.%E. ASIA 87. a. 1. 1. 0. i 11,
ALL REGLONS 2362, &7. 4643 9462, aza. 1847, 19271,
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SUMMARY TABLES FOR ALL PERIODS
(2=NOPT(9)

TABLE 7.11.

SUMAARY ENERGY FROCUCTION AND USAGE REFORT

LA A AR R XL IS YRy B AR PR DO I DI ECRARBHBIIES

FRIMARY ENERGY DEMAND, BY REGIGN AND PERIODD
(UNITS=EXAJOWRES (Jel0es18))

1975 2000 2025 <050 T07% 1040
usa &b, &7 95.25 121,35 149,87 172,47
CANADA % EUR 39.3%9 64,04 83.99 107,23 iTa. 12
OECD FACIFIC 20,49 32.00 42.72 =2.84 &b, T2
USSR/E. EUR. 39.45 B7.10¢ 106.54& 107.23 97.92
CHINA/ET, AL. 19.352 S2. 20 106,82 165, 32 212.14
MIDDLE EAST 3.78 12.322 34.32 64.13 105, 14
AFRICA .29 19.07 59.61 113. 43 177.20
LATIN AaMER 11.21 37.18 97.855 170.22 20,73
S.LE. ASla .78 29.43 76.08 134,07 198. 70
ALl REGIONS 35.78 428. 41 729.01 1044, 49 1384.13

FRIMARY ENERGY SUPFLY, BY REGION AND PERIOD
(UNITS=EXAJOULES (Jei10eeiB) )

1975 2000 025 <050 2073 2100
usa &T.15 18.20 37.1% 42,57 a4, 12
CANADA % EUR 31.26 39.83 79.56 59.83 61.31
QECD FACIFIC 5.90 .27 12,44 17.2 .43
USSR/E. EUR. b2.15 128.41 249,67 346,90 477,62
CHINAZET. AL, 19,12 72.71 119,74 176.53 83.CB
MIDDLE ERST £2.77 0,468 45.67 167.91 T1s. 94
AFRICA 1X.54 45.08 &5.26 ?&6.71 141.15
LATIN AMER 12.83 43,49 78.48 F1.54 85. 84
S.ME. ASIA 7.84 <4.80 40,99 47.2 735.32
ALL REGIONS 258. 37 428,55 728.80 1064, 49 172.87.91

SECOMDARY ENERGY DEMAND, BY REGIOM amMD FERIGD
(UNITS=EXASDULES (Jei0=e18))

1973 =0N0 202% nIo 207s 2100
usa 48.92 S9.63 71.%9 81,07 Ba. 79
CANADA & EUR =6.83 IF.90 4g8.11 4,74 z3.47
OECD =aCIFIC 1402 0.8 Z5.76 ~B. &% T B8
USSR/E. EUR. 45,54 .55 74,08 . TALT) 69. 89
CHINA/ET,. AL, V7. 78 43.54 8,12 110.7& 127.87C
MIDDLE EAST .34 10.%2 5,132 7.8 45, 41
AFRICA 4,0% 12.26 5.1, &I.47 79,48
LATIN aMER 8.9 5.7 I8.29 T B5.2& 8,889
S.+E. ASln 7.33 LA - 4T.B% &B. 74 Bl IS
ALL REGIONS 176.72 L L F S 47147 OOT, 90 &87_ BT

-y
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TABLE 7.11.
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SUMMARY TABLES FOR ALL PERIODS (Continued)

(2=NOPT(9)

USA

CANADA & EUR
OECD PACIFIC
USSR/E. ELR.
CHINA/ET.AL.
MIDDLE EAST
AFRICA
LATIN AMER
S.&E. ASIA

ALl REGIONS

usa
CANADA % EUR
0ECD FACIFIC
USSR/E. EUR.
CHINA/ET.AL.
MIDDLE EAST
AFR1CA

LATIN AMER
S.4E. ASIA

ALL REGIONS

UsA

CanaDa % EUR
QECD PRCIFIC
USSR/E. EUR.
CHINA/ET.AL.
MIDOLE EAST
AFRICA
LATIN AMER
S.%E. ASlA

ALL REGIDNS

SUMMARY ENERGY FRODUCTION AND USAISE REFORT

IR RSB LR RN OB BUbARIARVOERABDACBSY

CONSERVATION AND NON-ELECTRIC SOLAR, BY REGION AND FERIOD

(UNITS=EXAJOULES (J*#10xe18))

1975 2000 20235 2050 =075 =100
.00 21.4% 39.595 61.83 81.37
.00 .38 ?.01 17.32 27.31
.00 1.01 4.66 8. 66 -7
» 00 14.87 30.21 AT. b4 T4, 2
.00 7.78 24.77 S52.98 78.15
.00 3.71 zi.16 56.04 SQ. B0
.00 -0&6 « 37 11.83 SS. 64
.00 4.98 <5.14 97,73 B7.07
.00 3.65 16,30 38.00 58.86
.00 39.886 171.26 JI30.24 5146.53

REFINABLE ENERGY DEMANMD, BY REGIDN AND PERIOD
(UNITS=EXAJOUAES (J#10%»18))

1973 2000 0TS 2050 =073 2100

66,467 .05 120.63 145,90 166.22

39.5%9 63.97 82.33 101.39 122.42

20. 4% 31.95 42.20 0,29 &, 13

59.45 87.1% 106,646 115.81 118.22

19.52 52.20 106.97 16%. %5 209.72

3.78 12.32 33.98 &0.42 Ji.41
5.29 19.00 58. 635 107. 44 151.81
11.21 z7.13 9b. 61 163.29 209, 51
9.78 29.42% 74,11 124,61 164.57

1%5.78 428. 27 73T.14 10335.20 1294.82

REFINABLE ENERGY SUFFLY, BY REGION AND PERIOD
IUNITS=EXAJOULES (J#iC=s18))

1973 2000 Toss 2050 0TS 2100

63.13 18,27 I7.13 &Z.78 &5.68

31.26 J9.82 75.44 o9.41

3.90 3.27 12,41 17.17

&2.15 178. 15 46.15 s Y

19.12 7271 116.83 1&7.41

42.77 0. 68 5. 467 167.%90

17.24 4%,03 64,89 4,73

12.83 42.48 TH.S50 v . 90,65

7.84 <4.80 40 84 44,321
=58.2I7 478. 21 721.8% 1935, %0 1294.07
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usA

CANADA % EUR
QECD FACIFIC
USSR/E. EUR.
CHINA/ET, AL.
HIDDLE EAST
AFRICA

LATIN AMER
S.&%E. ASIA

ALL REGIONS

USA

CANADA % EUR
CECD FACIFIC
USSR/E. EUR.
CHINA/ET, AL,
MIDDLE EAST
AFRICA

LATIN AMER
S.%E. ASIA

ALL REGIONS

uUsSh

CANADA & EUR
DECD FACIFIC
USSR/E. EUR.
CHINA/ET.AL,
HIDDLE EAST
AFRICA

LATIN AMER
S.%E, ASIA

AlLL REGIONS
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11. SUMMARY TABLES FOR ALL PERIODS (Continued)
(2=NOPT(9)

SUMMARY ENCRGY FRODUCTION AMD NISMWGE REFORT

HE RSB DD S E AR SRR OB R E A DO RR ORI EDE

REFINABLE DIL SUPPLY,

BY REGION AND FERIOQD

(UNITS=EXAJDULES (J=10+#18))
1975 2000 202% 050 2075 2100
20,41 .01 .17 .53 1.07
4,77 13.97 TH.06 10.12 B. 24
.96 .00 .13 .34 .66
22.77 24.77 &T. 74 &0. 467 88,25
3.23 10.47 14,51 26.61 47.92
42.35 47.50 29.94 108,892 101, 60
10.35¢9 25.12 29.82 29. 354 29.76
?.92 25.04 26.53 23.51 4,85
3.79 2.358 7.02 3.352 B.74
118.79 153, 46 207.04 263.%2 290. 67
REF INABLE CONVENTIONAL OIL SUFFLY, BY REGION AND PERIOD
(UNITS=EXAJDURES (Jai0est@))
1975 2000 2095 2050 2075 2100
0. 41 00 .04 ] -
4.77 13.94 3a4.78 9.23 &.38
.94 .00 .04 0% .15
22.77 24.7 36.70 26,74 <.B8
I.2 10,47 9.45 ?.19 N es)
42.35 47.50 9.91 108. &6 100, 64
10.59 29.03 29.04 25.59 20,79
9.92 2%.01 26.13 21.87 .20
3.79 2.38 &.70 t1.99 4.84
118.79 152.78 i9I. 99 207,34 125.84
REFINABLE UNCONVENTIONAL QI SUFFLY, BY REGION AND FERIOD
(UNITS=EXAJOUNES tJ=1Gee18))
1975 2000 bals et 2080 0TS ub T
.00 .00 .04 L9 .15
.00 DO 08 el .18
.00 . a0 .04 L0 1%
.00 .00 L0 .08 .14
.00 » 00 L 08 N s .28
.00 U N4 < lé .45
L0 .00 .04 .14 .28
.00 .00 (57 B .13 oy
.00 QU .04 [ et .o
. o oo .29 1. 04 Pl
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TABLE 7.11. SUMMARY TABLES FOR ALL PERIODS (Continued)
(2=NOPT(9)

SUMMARY ENFRGY FROMICTION nND USAGE REPOGT
LR Ll Rl Ry N e N Y I

REFINABLE SYNOIL SUFFLY, BY REGION AND PERIGD
(UNITS=EXRJOULES (JeiOQeelB)}

1973 2000 2025 2050 73 2100
usa .00 .01 .09 .25 .78
CANADA & EUR 00 03 .4 .BO 1.7
BECD PACIFIC + 00 .00 < Q4 17 .l
USSR/E. EUR. - 00 .92 7.00 .81 BS. 2%
CHINA/ET.AL. .00 .00 4,92 17.29 47, 49
MIDDLE EAST 09 00 - 00 . 00 .51
AFRICA + 00 .09 «73 3.70 8.35%9
LATIN AMER . 00 0% [ -3 1.61 4.12
S.kE. ASIA - 00 .00 .28 1.40 3.57
ALL REGIONS +Q0 .68 15. 46 Hv.14 L52.47

REFINABLE GAS SUFFLY, BY REGION AND FERIOD
(UNITS=EXAJOULES (Je10es18))

1975 2000 2023 <050 2075 2100

usa 19.5% 3.79 10.5% 27.80 12.469
CANADA & EUR 8.35 &6.358 15.72 12.99 .29
OECD FACIF1IC +31 .82 —.43 4,23 Y
USSR/E. EUR. 11.23 <9.02 44,04 44, 29 14.52
CHINA/ET.AL. .13 .48 2.05 B8.16 . 1é
MIDDLE EAST «33 1.33 .14 42.09 B9, &8s
AFRICA .10 .41 2.2 9.83 0.7
LATIN AMER . .74 3.4 17.67 12.379 B
S.4E. AS1A . &9 <11 8.87 .2 =.78
ALL REGIONS 41.36 48.1s8 112.80 170.03 16%. 41

REF INABLE CONVENTIONAL GAS SUFFLY 8Y REGION AHD FERIOD
(UNITS=EXAJOULES (JelOss18))

973 st z02s Pl onTs 2100
USA 19.59 3.79 10,29 27.78 12, %%
CAHADA % EUR 8.5 &.58 15.72 13.9% L
OECD PACIFIC .31 .82 2.43 4.52 L
USSR/E. EUR. 11.73 29.03 43,94 46.47 g
CHINAJET. AL, ) .13 .48 .00 7,21 12,03
HIDDLE EARST .33 .52 ®.18 42,09 - -
AFRICA ‘ .10 . 40 .26 9,82 I9.I7
LATIN AMER .74 3.42 17.867 R St | R
s.%E. AslAa .49 2-11 . 8.87 2.1% 1.77
ALL REGIONS 41.34 48. 16 112. 465 166.81 1Z6.41
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TABLE 7.11., SUMMARY TABLES FOR ALL PERIODS (Continued)
(2=NOPT(9)

SUMMARY EMERGY PRODUCTIUN AND USAGE KLFOI1T

”O"QO'DQQQ"......"'.I.Q"GOQO'QG&DOQ.*“'

REF INABLE UNCONVENTIONAL GAS SUFFLY BY REGION AND FERIOD
(UNITS=EXAJOULES (Jal0»=i8))}

1975 20040 2025 QIO 2073 rg )
#1-1-] - 00 L0 <00 - 00 « DO
CANADA & EUR .00 00 . 00 . 00 . 00
OECD PACIFIC . Q0 . WO .00 . 00 L 00
USSR/E, EUR, . Q0 el LU ] L1
CHINA/ET.AL. - Q0 + 00 . OO - 00 LU
MIDDLE EAST . 00 SO0 . 00 00 « OO
AFRICA - 00 - 00 .00 . 00 o V]
LATIN AMER .00 « 00 » OO . 00 - 0
B.4E. ASIA . 20 - 00 - 00 - 00 O
ALL REGIONS 00 - 00 .00 - Q0 . 00

REF INABLE SYNGAS SUFFLY, BY REGION AND FERIOD
{UNITS=EXAJDULES (Js{osa18))

1975 2000 2023 2050 7075 2100
usa . 00 .00 .00 .0z W1
CANADA % EUR .00 .00 .00 .04 .79
OECD FACIFIC .00 .00 ) L0 .08
USSR/E. EUR. .00 .00 .07 1.86 14.55
CHINA/ET. AL. .00 .00 .05 .95 g.12
MIDDLE ERST .00 .00 .00 .60 L0
AFRICA .00 .00 .01 .20 1.44
LATIN amER .00 .00 . G0 .09 .70
S.%E. ASIA .00 .00 .00 .08 .61

ALL REGIDHS 00 = 00 .13 3.25 6. 00

REF INABLE SOLIDS SUPPLY, BY REGION AND FERIGD
(UNITS=EXRAJOWRES (Jeidesl1B))

1975 000 =03 050 CORO7S —100
usa 17.18 £.01% 1,43 . 2.1%9
CANADA L EUR 9.40 3. 40 3.9% 4,354 4.9
CECD FACIFIC .87 . 4% ] . 7h 1-0%
USSR/E. EUR. 5.77 b3.14 115.17 192.59 287,14
CHINAZET.AL. 13.01 T4H.09 B0.97 8. 49 1368. 1%
MIDDLE ERST . .03 .40 -Thl 1.21 1.47
AFRICA 2.18 1077 1209 T1.08 4,89
LATIN AMER .39 373 .5.88 -, 7.20 11,98
S.kE. ASIA -. 68 13,57 4. 56 7.98 10. 38
ALL REGIDNS 75,531 152,352 2I5.38 ind : I B /42,07
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TABLE 7.11.

USh

CANADA & EUR
DECD FACIFIC
USSR/E. EUR.
CHINA/ET.AL.
MIDDLE ERST
AFRICA
LATIK AMER
S.%E. ASIA

USA

caNADA % EUR
DECD FACLIFIC
USSR/E, EUR.
CHINA/ET.AL.
MIDDLE EAST
AFRICA
LATIN AMER
5.4E. ABIA

ALL REGIDNS

UsA

cAaNADA & EUR
OECD FACIFIC
USSR/E. EUR.
CHINA/ET.AL.
MIDDLE EARST
AFRICA
LATIN AHER
S.4E. ASIA
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SUMMARY TABLES FOR ALL PERIODS (Continued)
(2=NOPT(9)

EY 2R L 2 L)

SUMMARY ENERGY PRODUCTION AND USAGE REFORT
SESEAERERNCRNEFHIRAEES 2SERERERPERREREE

REF INABLE CO&L SUFPLY, BY REGION AND FERIQD

(UNITS=EXAJOULES (Jeloes18)}

1975 2000 202% 2050 nO7S 2100
17.18 .00 .00 .00 .00
9,80 .00 .00 .00 .00

2.67 .00 LU0 .00 .00

25.77 &1.56 112.97 189,463 243,93

1%.01 54,352 78.23 94,08 132.56
.03 .14 ] .03 .05

.18 9.39 9.32 16.13 18.24
.39 1.71 2.20 Z.91 3.86

2.68 10.94 .00 .03 .04
REFINABLE BIOMASS SUFPLY, BY REGION AND PERIOQD

(UNITS=EXAJOULES (J#10ee1B)}

1975 2000 2025 2050 2075 Z100
.00 1.01 1.43 z.00 2.1%9
.00 3.40 3.9% 4, 54 4.92
L0 .49 .70 .96 1.0%
.00 1.57 2.20 2.97 3.17
.00 1.57 2.6% 4,41 5.%56
.00 .27 .&0 1.28 1.42
.Q0 i.38 2,77 4.9% 6.65
.00 2.00 3.68 6.28 8.10
.00 2.59 .66 7.95 10,731
.00 14,27 22,86 I5.31 435.37

SYNFUEL FRODUCTION, BY REGION AND PERIOD
(UNITS=EXAJOULES (Je10ee18))

1973 2O TS 050 T =100
.00 01 .09 .37 .BB
0 L0 o4 .B4 1.98
.00 N .04 V1B LAz
.00 - 7.07 TS, &7 9c,. 74
- 00 LO0 4,97 18.24 5%. 74
.00 SO0 .00 .01 .59
. DO -9 - 7R .90 10, 0%
LU0 .03 JIat . Lo 4.B>
.00 o0 .29 148 4.18
N .58 13.81 62.38 178,47

ALL REGIONS
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TABLE 7.11.

usa

CANADA % EUR
QECD PACIFIC
USSR/E. EUR.
CHINA/ET.AL.
MIDDLE EAST
AFRICA
LATIN AMER
S.&E., ASIA

ALl REGIONS

usa

CANRDA & EUR
GECD FACIFIC
USSR/E. EUR.
CHINA/ET, AL.
MIDDLE EAST
AFRICA
LATIN AHER
S.%E. ASIA

ALL REGIDONS

usa

CANADA & EUR
QECD FACIFIC
USSR/E. EUR.
CHINA/ET.AL.
MIDOLE EAST
AFRICA
LATIN AMER
S.xE. ASIA

ALl REGIONS
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SUMMARY TABLES FOR ALL PERIODS (Continued)
(2=NOPT(9)

QUMMM ENCROY TRODUCTTON nND eAGeE REroeT

GO...Q*{GGO.C’.."..'GGG"‘QQ.DQID.IlI"I LER L2 J

COAL CONSUMED IN SYNFUEL FRODUCTION, BY REGION AND FERIQD

(UNITS=EXAJOULES (Jei0esiB))

1975 2000 20235 2050 2073 2100
. 00 -.01 - 13 -.58 =1.3%
. 00 -, 04 ~.36 -1, 28 -2.98
. 00 -, 01 -.04 - 27 -. 46
.00 -.78 =10.81 =53.50 - 149, &4
.00 .00 =7.46 -27.36 -83. 44
. 00 .00 .00 -.01 -.89
.00 - 13 -].41 ~-5.84 -15.97
. 00 -, 05 -.54 -2.95 =7.04
.00 el e] -. 43 ~2.22 -6.28B
.00 ~1.02 ~20.71L -93.57 —~2&7.70
NET ENERGY IMFORTS, RY REGIDN AHD FERIOD

(UNITS=EXAJOULES (JeiQe®*18))

1975 2000 025 2050 2075 100
3.52 78.77 83,48 83.52 102,85
8.33 24.15 Z.B8 41,99 &2.40
14,59 T8.68 29.79 3,12 z%.94

=2.70 -40,95 =1I9.47 ~213. 25 ~o45.53
- 40 =-2n.351 -9.88 =-1.4848 -~47, 68

-38.99 ~3B.34 -11.6% -107.28 -12%5.04

~8.05 ~26.03 ~&.26 12.48 1568
-1.483 ~6.33 18,11t 72.60 126,18
i.94 4.6 3.27 78.0% 1.7

&%5.084 14X, 27 215,74 I&HT .09 4@4.90

ELECTRICITY DEMAND, By REGION AND FERIOD
(NITS=EXAJOULES (JelOss18))

1975 2000 202% 2OTO 7S ot TR
za.98 30,38 &9, 12 91.25 112,349
17.95 .97 48,05 66.23 90, 54
8.97 15,95 =3.18 0,52 41.37
19.55 33.18 45.81 8. 46 s8. 18
.50 2,02 I3.58 . 77.76 115.54

. 80 z.49 1. 448 127 TR TS
1.77 7.96 T7. 48 &£3.78 12011
3.1% 15.9% £3.74 . 109.92 154,78
3,43 13.12 39.92 T 78.7% 114,81

g2. 90 185,19 3I53.70 60959 8a3. 10
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TABLE 7.11.

Usa

CANADA & EUR
QECD PACIFIC
USSR/E. EUR.
CHIMNA/ET.AL.
MIDOLE EAST
AFRICA
LATIN AMER
5.%E. ASIA

ALL REGIONS

usa

CANADRA & EUR
QECD PACIFIC
USSR/E. EUR,
CHINA/ET, AL,
MIDDLE EAST
AFRICA
LATIN AMER
S.%E. ASIA

ALl REGIONS

UsA

CANADA % EUR
QECD PACIFIC
USSR/E. EUR.
CHINA/ET.AL.
MIDDLE EAST
AFRICA

LATIN AMER
S.4%E. AS1A

ALL REGIDNS
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SUMMARY TABLES FOR ALL PERIODS (Continued)
(2=NOPT(9)

SUMMARY ENERGY FRODUCTION AND USARE REFDRT

......'.....'.D....C.'....D..O.‘QQ.O....i"

ELECTRICITY SUFFLY., BY REGION AND PERIOD

(UNITS=EXAJOLLES (Jalu=»18))

1975 2000 2025 2050 2075 2100
7.33 14,9% 20.08 26.342 32.78
.18, 7.91 17.87 19.18 26.3%
.50 4,57 &6.74 8.89 12.11
.64 Q.53 13.23 16.96 19.84

74 3.5 Q.74 22.56 T3.485
.18 Y- 3.58 .73 17.40
952 2.33 7.94 18.42 =9.79
.87 4.351 15.52 >1.89 45,51
{.01 3.86 11,64 23.13 34,43
23.84 53.88 102,31 177.1%9 252.11
ENERGY USE FER CAFITA, BY REGION AND FERIDD
EXAJOULES (JetUs+18) PER CAPITR

1975 2000 onz3 2030 <0735 2100
311.5% 3I75.00 430.F1 520.78 590,52
97.7& 1Z4.59 159.046 194,11 45,76
160.12 07.79 240,50 315,52 391.82
150.52 184.54 206,52 201.19 181.01

Z1.43 41.83 71.27 102.55 128.80

46.66 83,83 172,46 274,84 436,25
I.Z3 27.36 &3.22 1035.02 Td. b1

3%5.80 &8.84 125.86 S06. B4 TS%. 40
8.45 15.45 30,25 47,12 &6.35

59,30 72.74 99, 00 120.11 16.88

ENERGY USE FER DOLLAR GNF, BY REGION AND PERIOD

EXAJDULES(J#10=e18) PER 1973 US DOLLARR GNF
1973 2000 2025 2050 2075 21060

45.87 v.%T <1.1%7 1%.77 11.99
21.78 17.71 12,75 9.87 B.11

T4.95 or.o2 17.87 15,3 12,45
=l.52 44.31 31,47 aD.47 12,94

60,32 52.82 0,75 T7.7s 17.73
=7.21 0,68 15. 05 e.T1 6. 75

4,17 33.82 .57 O 13.9%
I%.32 I1. 04 o%. 18  T-L17.76 10,96
41 .86 36.70 9. %58 bl P 14,67

38.93 30.12 oX.33 16.91 11,65
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SUMMARY TABLES FOR ALL PERIODS (Continued)
(2=NOPT(9)

SUMMARY ENERGY FRODUCTION AND USAGE REFORT

DG'Q..‘G...CI‘... RESABBRTELRGS T2 XXX YR 2. 0.0 3.

CARDBON EMISSIONS,

pY REGION AND FERIDD
UNITS=10#86 TDONS OF CARBON

1975 2000 2025 2030 2073 2100
1056.26 51.1%9 144.81 380.358 179.3%9
431,02 343.77 84%.1é 359.86 121.50

84,569 10.99 34,40 b1.89 F.16
1179.17 2304.82 4525.05 £795.12 9183.96
417.29 1492, 12 2225.58 098,04 5152.97
732.72 828.81 630.77 2411.59 28ub. 29
259.05 786. 03 827.565 1109.18 1494, 09
20%5.21 S446.53 776.29 672,19 153.909
141.7¢& 334.89 241.79 &5, 860 121. 49
&507. 146 6701,17 107%5.49 14958.03 192721.25
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AN INTRODUCTION TO THE USE OF THE I1EA/ORAU,
LONG-TERM, GLOBAL, ENERGY MODEL

INTRODUCTION

The IEA/ORAU,l long~-term, global, energy model was developed by Jae Edmonds
and John Reilly at the Institute for Energy Analysis to provide a consistent,
conditional representation of economic, demographice, technical, and policy fac—
tors as they affect energy use and production. It is a powerful and flexible
assessment tool in poliéy analysis.

The global model is dissaggregated into niné regions (see Figure 1).2 1t
is long—-term, based to 1975, with benchmark years, 2000, 2025, 2050.3 Nine
types of primary energy are currently considered {(gsee Table 1), as well as

4y biomass and coal conversions to liquids and gases, conservation and nomelectric
solar energy substitution. 1In addition to the supply and demand for erergy by
reglon, and forecast period, the model also estimates world and regional energy
prices consistent with overall global emergy balance. The model 1s extensively

documented in its structure, the development of its data base, its output, and

in 1its usage4; this documentation is avallable through IEA/ORAU. >

History of the Model

Model development began in the fall of 1980 for the U.S. Department of
Energy, Office of Energy Research.® During the development phase the modeling
and critical elements of the concurrently developed data base were submitted to
external review, On July 27 and 28, 1981, lester Lave, Bob Kuenne, and David

Pumptirey met with the model developers to review both the technical details and
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TABLE 1. PRIMARY FUEL TYPES IN THE IEA/ORAU MODEL

i.1 Conventional 0il
1.2 Enhanced Recovery, Shale 0il, and Tar Sands

kY

2.0 Gas
2.1 Conventiocnal Gas
2.2 Nonconventional Gas
3.0 Seolids
3.1 Coal

3.2 Bilomass

4.0 Resource Constrained Repewables
4.1 Hydro, Geothermal

5.0 Muclear

6.0 Solar
6.1 Solar Electric (other solar is assoclated with
conservation), Wind Power, and Tidal Power, OTEC,
Fusion, and other Advanced Renewable Technologiles.

the overall methodological underpinnings of the model.” The long-term demo-

graphic and labor force estimates developed by Nathan Keyfitz of Harvard

Iniversity were later reviewed by Philander Claxton. Each stage of the wmodeling
effort was subjected to a process of review and revision in light of any
recommended changes before moving on to the next stage.

The initial purpose of the model was to agsist in addressing what has come
to be called the "CO, question.” Carbon dioxide (CO;) is released as a by-
product of the combustion of fossil fuels. While unot generally considered a
pollutant, atmospheric CO, produces & ~greenhouse” effect allowing incoming
sunlight to penetrate to the earth's surface, but trapping escaping heat radla-

tion. Thus an increasing atmospheric concentration of COp has the effect of
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warming the earth., By its association with fossil fuel combustion, the CO»
question becomes an energy question.

Examination.of the CO,; question required a minimum disaggregation of energy
into fuel categories with different CO; emitting characteristics. The resulting
model is relatively eimple and inexpensive to operate but provides an inter-
esting level of detail for many long-term energy questions. The detail 1ﬁcludes
coal transformation to liquids and gases, an electricity sector, and important
new technologies (e.g., shale oil and solar).

The initial testing of the model was conducted during January of 1982, and
a base case was accepted by April 1, 1982, Documepntation of the energy results
soon followed. “Global Energy Production and Use to the Year 2050 was in draft
on May 1}, 1982, and "Global Energy and CO; to the Year 2050” was in draft by
June 1, 1982.

The model has been used by the U.S. Environmental Protection Agency, to
forecast COp emissions to the ;ear 2100 under alternmative scenarios. In addi-
zion results are being shared with researchers at both the U.S. National Academy
of Sciences (NAS) and the International Institute for Applied Systems Analysis

(I1A54).
MODEL APPLICATIONS

The model is a powerful and flexible tool for the analysis of long-term,
international energy questions. The model has numerous applications, sone of
which are discussed below. While the discussion in no way exhausts the poten-—

tial applications of the model, these examples are indicative of the breadth and

scope of the model’s usefulpess.
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Energy and the Macro Setting

GNP. (Onme of the fundamental driving variables of the model 1is GNWP. The
GNP is an important determinant of energy demand. For each region in each fore-
cast year, assumptions about the level of GNP that would emerge if energy prices
remained at 1975 levels are entered into the model. However, energy prices and
GNP are recognized as interdependent. As energy resources are depleted, more
economic resources are needed in the energy sector, simply to keep energy pro-
duction from falling. This shift of resources away from other uses and toward
energy leaves less available for the rest of the économy, thus slowing economic
growth. The model allows for this two-way interaction between energy and the
economy. A base line GNP (the GNP that would obtain i1f energy prices remained
constant) enters the model as an input, but the realized GNP, the GNP which is
consistent with actual enmergy prices in any forecast year, is a model output.
This more sophisticated treatment of the energy-economy interaction allows one
to see the full GNP costs to the economy of energy scarcity by comparing the

base line and realized GNPs.

Because the GNP enters as a regionally independent input variable, differ-—
ential growth rates are possible between, for example, developing, devéloped,
and centrally planned economies. It is therefore possible to explore the emergy
consequences of faster or slower economic growth rates in any or all regions.

It should be noted, however, that because the regional GNPs are determined
independently of one another, the user is responsible for maintaining a reason-
able relationship between the GNP growth assumptions in the nine regions and
between population growth and GNP in each region (see the following discussion

on population).
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Population. The level of population is another important determinant of
energy demand. Like GNP the population is an exogenously specified input
variable. Each region's population is gpecified independently. There is no
feedback from GNP. On the other hand population and GNP are related because the
GNP depends on the size of the iabor force (a demographic variable) as well as
the level of labor productivity. Thus base case GNP assumptions were developed
in conjunction with demographic assumptions. The model rakes no formal account
of any effects GNP may have on population growth. While a large literature
exists relating a demographic tramsitiom to economic advance, the details of
thls relationship were judged to be poorly understood for a formal treatment of
thig interaction. Under extreme GNP growth scenarios a user may want to alter
population growth assumptions. For example, very rapid GNP growth might be
postulated as leading to a more rapid reduction in the birth rate, thereby
slowing population growth; alternatively very slow GNP growth {negative GNP per
capita growth) might be postulated as resulting in starvation and deteriorating
health status of the population thereby increasing the death rate and slowing

population growth.

Fnergy and the International Setting

One of the most useful features of this model is that it sets energy ques—
tions in an international framework. It recognizes that energy questions are
not just national or regionmal, but also internatiounal. The importance of OPEC
energy declsions on U.S5. energy policy or Soviet decisions on West European
energy planning is explicitly taken into account.

Mideast oil supply. The largest single oil exporting reglion of the world

ig the Middle East (Region 6). Production decisions by Mideast producers caa
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have a profound impact on the price and composition of energy products through=-
out the world. A major model input assumption is the level of production of
Region 6. We have not attempted to incorporate a formal political decision
model. A compelling model of the international and domestic political considerm
ations of the OPEC nationms as they interact with economic factors to determine
the actual supply of oil from this region have eluded analysts to date. Rather
than impose a particular structure oo Mideast 0il production we have merely
represented production as a fixed level of production in each forecast period,
with cumulative production consistent with resource constraints. The impacts of
any given scenario'of Middle East oil production can be explored.

International trade and tariffs. The model allows the trade of three

aggregate energy carriers: liquids, gases, and solids. Liguids include conven-
tional crude ofl, unconventional crude oil (shale oil, tar sandg, or tertiary
recovery), and synoil from solids (coal or biomass). Similarly; gases include
conventional, unconventional (deep gas or geopressured gas), and syngas from
solids. Solids include coal and biomass. Electricity is excluded from inter-
regional trade. Each region can either import or export these fuels. In the
absence of taxes the cost of a fuel which is exported 1s simply the world
price. Imported fuels are subject to & transportation charge and possibly a
tariff charge. Tariffs can be used to represent import reduction policies or
subsidies of domestic energy production. Tariffs are fuel, time period, and
region specific.

International trade and isolationism. Tariffs form onme kind of barrier to

international trade. Another, more absolute barrier is a policy of isola-

tionsm. A region, China for example, might decide to become energy
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self-sufficient and refrain from international commerce in energy for one or
several periods. The model can easily be modified to handle this case.

A more difficult case, but one which the model has also been designed to
handle is the case in which an individual region, chooses to be self-sufficient
in one fuel but not all fuels. For example, the U.S5. might decide to prohibit
coal exports if carbon dioxide emissions were deemed a serious global problem.
The model can be modified to deal with such a problem, and io fact such a case

has already been Tun.

Energy and Resources

One of the major issues in long-term energy analysis is the magnitude of
energy supply. The model has two classes of energy supply techmologies. The
first class, which includes conventional oil, conventional gas, and hydro-
electricity, is resource constrained. That is, the amount of the resource
: availab}e is small enough, relative to the potential demand for the resource,
that the level of production is constrained by avallable resources. The second
class, which includes unconventional o0il, unconventional gas, coal, nuclear, and
solar energy, is considered resource unconstrained. That is, the amount of the
resource, relative to potential demand is sufficiently large that for practical

purposes, resource size alone does not constralm the rate of production.

Conventional 0il and Gas. While the amount of conventlonal Tesources are

considered small relative to unconventional resources, such as oil shale and
coal, there remains considerable disagreement over the total resource available
for exploitation. High and low estimates of the global oil resources vary by a
factor of about iwo, while gas Tesource estimates vary by a& factor of almost

three. The model allows the user to specify the conventional resource available



<Ww
in each region and in addition, the model contains a parameter which specifies

the rate at which the rescurce is exploited.

Deep gas and geopréssured gas. In addition to comnventional gas, there are
unconventional gas resources which are vastly more abundant but are alsv more
difficult to produce; geopressured gas is an example, Both cost and resource
estimates are uncertain, but the model can be used to explore the consequences
of both alternative costs and the rates of production. Similarly, Marchetti and
Gold have contended that abiogenic gas is in abundant supply'at great depths,
and the model can be used to explore the consequences of such discoveries.

Shale oil and tar sands. As with gas, there are unconventional sources of

oll. There is far less controversy surrounding resource estimates for shale oil
. and tar sands. These sources are known to be in massive global supply. Still
w the price at which these resources becouwe economically recoverable is a matter
of great debate. Shale oil has always seemed to be elusively beyond reach; the
model can provide a general solution to the question of how muich shale oil will
be produced and when, under a given set of assumptions, because it incorporates

all possible fuel substitutes (e.g., other liquide technologies, electricity,

and liquids imports) in a full accounting of energy demand.

Energy and Technology

The issues surrounding energy and technology are numerous and multi-
faceted. Technology affects both energy demand and energy supply. While the
model can shed no light on technological questions per se, it cacv be used to
explore the consequences of alternative technological “solutions.”

Energy productivity. A great deal has been made of the slow—down and

recent decline in labor productivity in the developed economies, especially in
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the United States. As a conseguence of this the role of tehnological change has
come into focus in this arena. Much less prominent has been the trends in
energy productivity. Energy pfoductivity, the amount of activity possible per
unit of energy, has been improving for a long period of time both in the
presence and absence of price incentives. The continuance of a ! percent growth
in energy productivity would reduce energy demand to about one-fourth of the
level it could otherwise have achieved by the year 2100. The model explicitly
considers energy productivity and the effects of simple techuolqgical
improvement as an issue separate from price induced conservation.

Electric cars. Energy is not consumed for its own sake, but rather for the

services which it provides——space heating, transportation, refrigeration, and
direct electric services, for example. As a consequence, the model has been
structured so as to follow the transformation process from primary energy source
to energy service. The long-term nature of the model makes it impossible to
credibly project emergy services in detail. Instead three energy services:
residential/commercial, industrial, and transpert, have been deslgnated in each
of the three developed reglons (1. U.S., 2. Western Europe and Canada, and 3.
Jspan, Australia and New Zealand), with cne aggregate energy service elsewhere.
Each energy service can currently be provided by one of four alternative modes:
liquids, gases, solids, or electricity. The technology for transforming these
four secondary energy aggregates into energy services is an input into the
model. AB a consequence, one could simulate the introduction of an inexpensive
electric car by altering the technological specificarion by which electricity
provides transportation services.

Nuclear and solar electricity. The model contains three nonfossll sources

of electricity: hydro (a resource constrained technology) and solar and nuclear
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(resource unconstrained technologies). Wind energy is included as a solar tech-
nology. Because sclar and nuclear are nol resource constrained technologles,
their production depends critically on the price at which these modes can pro-
duce electricity relative to each other and relative to the fossil alterna-
tives. The model contains sufficient flexibility so that the user can not only
specify a supply price for these modes, but also can elther escalate or reduce
costs over time, for a period of any duration. |

Nonelectric solar and comservation. Both nonelectric solar energy and

energy conservation are included in the model as reductions in the demand for
marketed fuels. Both respond to the price of energy. The two are not disag-
gregated at present, though the model was built in such a way as to allow for
nonelectric solar esergy to be directly included, separately from conservation
as an end~use alternative to conventional fuels.

The responsiveness of conservation and nonelectric solar to the price of
alternative energy can also be controlled. As a consequence different values
for price elasticities can be included without great difficulty.

Synfuel conversions. Both liquids and gases can be obtaimed by conversion

from solids (coal and biomass). The supply of synfuels depends both on the
price of producing synthetiec liquids and gases and on the price of the conven-
tional alternmativee. The cost of producing synthetics in turn depends both

on the conversion technology chosen and on the price of solids. While the price
of solids is determined within the model structure itself, the conversion
technology is an exogenous input to the model. Alternative technologies may
thus be specified and the resulting penetration of synfuels may be examined as
well as the effects of these technologies om oil and coal trade on or energy

prices.
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Hydrogen. As presently specified, no hydrogen production is included irn
the model., Its exclusion was based on the grounds of economics. Yet the model
was constructed with a place for the production of this advanced technology fuel

and the investigation of its penetration is pogsible.

Energy Policy

To this point little has been said about exploring the impacts of govern-
ment intervention on energy production and consumption. Many policy levers are
already in place in the model and can be used to simulate individual regions'
policies as well as joint regional policies.

Energy use taxes. Energy-—use taxes can be set on the end—use of any

secondary fuel. Thus a gas or oll tax can be placed separately or jointly.
Similarly a subsidy or negative tax can also levied.

Energy tariffs. Tariffs may be placed on any traded fuel.

Supply subsidies. While the taxes we have just discussed affect energy

demands, financial consideratioms on the supply side may also be considered.
Such subsidies on the production of energy may advance the date when unconven-
tional technmologies become available or expand the level of production in a
declining industTy.

Moratoria and forced—draft expansions. Some energy policy may be set

without regard to economic considerations. There are some for example who feel
that nuc¥ear power generation is so undesirable that it should be halted. The
godel can rather easily be modified to curtall the use of any energy supply
technology. Similarly, there are advocates of technologies that feel that

expansion should continue without regard for economic consideration. For some
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fuels forced-draft expansions can easily be accommodated, while in others the
model pust be modified slightly to reflect such assumptions.

Measuring policy costs and benefits. As was stated earlier, the model

calculates both market clearing prices and GNPs as outputs. The overall costs
or benefits in terms of GNP and energy prices, of instituting a given policy can
be measured by comparing equilibrium GNP results to a base case, Thus one could
calculate the foregone GNP asociated with an gnergy tax strategy or the imposi-

tion of higher capital costs on energy users related to environmental concerns.

Energy and the Environment

Shale and coal production. The {pteractions between energy and the

environment are many and varied. They flow from the fact that the production
and consumption of energy is assocliated with negative externmalities. The
production of coal, for example has long been associted with occupational health
and safety problems, environomental disruption, wastes disposal problems,
gsubsidence and acid mine drainage. Similarly, a significant shale oil industry
is likely to produce considerable environmental probleums, including water pollu-
tion, land reclamation, interbasin transfers of water, and groundwater
pollution.

The IEA/ORAU model can provide base projections of production of energy
from a given source (e.g., shale) consistent with expectations of the inter-
national energy future and technology specifications. Such projections provide
the base for a projection of future pollution levels in a business—as—usual
case. The model can provide these types of analyses as a background to tech-

nical analyses establishing rates of pollutant production per amount of energy
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production activity. Ome can then propose polluticn abatement plans and examine
their effectiveness and their effects on energy markets and the economy.

Acid rain. In addition to pollution surrounding energy production, pollu-
rion is also associated with energy consumption. Acid rain is a source of con-
cern in many parﬁs of the world. Sulfur and nitrogen oxides, byproducts of oil
and coal combustion, are believed to be responsible. The model can indicate the
magnitudes of energy and, particularly, coal use under alternative scenarlos.
While the acid rain question is generally thought of as a short or medium term
problem, long-term projections can provide insights into how regulations may

have to be strengthened over time to maintain emissions rates below a given

level.

Carbon dioxide. While not generally considered a pollutant, carbon dioxide

(CO9) is an importent element in the earth's atmosphere. By allowing incoming
sunlight to pass through to the earth's surface, but trapping reflected heat,
CO, exerts a “greenhouse” effect and helps to keep the earth warm. CO; is also
a byproduct of fossil fuel combustion, and scientists fear that the continued
rombustion of fossil fuels willl increase the atmospheric concentration of COj
and consequently the earth's average temperature, with possible major changes in
climate. This model contains a COp emissions module option capable of assessing

1ikely rates of carbon release under alternative scenarilos.
MODEL LIMITATIONS

While modelers often suggest that their particular model can do anything
and everything, all models are based on & set of simplified representatives of
reality which make them more or less applicable to a given problem. This sec~

tion briefly notes the major 1imitstions of the IEA/ORAU long—term energy model.
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Sectora)l Boundaries

To begin with the model is an energy model. It looks omnly at energy
markets. MNonenergy markets play no explicit role in the model. The ounly
feedﬁack between energy and the rest of the economy 18 through the GNP. The
model is a partial equilibrium and not a general equilibrium model. As a
consequence, the model 1s not deeigned to project such things as the
international balance of payments, global availability of capital, interest
rates, political events, 1nterﬁational terms of trade, internmational capital
flows or deal formally_uith the relationship between regiomal economic growth
rates or the relationship between economic and population growth. The effects
of such events on energy markets can be assessed by the model if the
intermediate effects of such events are specified in terms of parameter inputs;
the model itself gives no projections of future trends in these variables or am

indication of how enmergy markets affect these events.

Disaggregation

The model is global and the geographic unit of analysis in the model 1is the
global region. There 1s only one single—country region: the United States.
And while the mine regilons selected for inclusion in the model could be changed,
there is little that could be done within the context of the model to
disaggregate to significantly smaller units. For example, an assessment of
state level energy supply and demand would be meaningless in the context of this
model. The expected forecast error would greatly exceed the forecast itself.

Similarly, we feel that disaggregation of emergy services mich beyond the

current level would result in spurious precision. The model 1is not suited for
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tracking the global demand for refrigeration or airconditioning serivces by the
residential sector. This limitation stems not so much from conceptual diffi-
culties surrounding the creation of such detailed models but rather from the
nature of man's knowledge of long-term evolution in energy and economic

systems.

Time Horizon

This is a2 long-term, global, energy model., It was designed to look into
the relatively distant future. As a consequence of that design criteriom, the
model's effectiveness is maximized when used for long-term analysis. It is not
2 very helpful model if one is attempting to forecast the next quarter, next
year, next five years, or even next decade. Underlying the parameters of the
model ig an explicit assumption that capital stocks are malleable, which however
justified in the long-term, is clearly not justified in the short— or mid-term.

A frequently asked question, for almost all energy models, is, could your
model have predicted the 1973 energy disruption and its immedlate consequences?
The answer to this question is, of course not. And the reasons are obvious.
First, as stated earlier, the model 1is not & political model. It does not
attempt to forecast politial disruptions, the formation and dissclution of car-
tels, or the pricing and production allocation system developed by cartels.
Such is not the province of this model, and there is no model of which we are
aware that could in fact have predicted the events of 1973. Second, the model
i1g not a short-term model. It cannot, and is not intended to be able to fore-
cast the short-term consequences of energy supply disruptions. The model is

designed to answer the very different class of questions surrounding the
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long-term interaction of energy, population, economic development, technolagy,

and energy policy.

END NOTE

While IEA/ORAU long-term, global energy model is a useful and powerful tool

for handling an important class of problems. Further information on the model's

capacities and limitations is available from IEA/ORAU.

3.

NOTES

Institute for Energy Anmalysis, Oak Ridge Assoclated Universities.

The nine region global disaggregation can be modified either by aggregating
regions, or by creating new regioms, though such modifications require the
redevelopuent of data.

The model has been modified to run as far out as 2100, Tentative projec-—
tions have not been carefully examined for the reasonableness of the param-
eters and model structure beyond 2050. The model can also be modified to
accommodate other benchmark years.

The model and parameter values are developed in three volumes:

I. The Framework and Methodology for ORAU/IEA's long~Term, Global, CO;
Energy Assessment Framework,
II. Determinants of Global Energy Demand to 2050,
JII. Determinants of Global Energy Supply to 2050.

Two teports of model usage are: “Global Energy Production and Use to the.
Year 2050, submitted for publication in Studies in Management Science and
Systems, B. V. Dean, ed., Worth Holland (forthcoming), and “"Global Energy

and CO; to the Year 2050." In addition a user's guide is in preparationm.

Address requests for documentation to Jae Edmonds or John Railly, Institute
for Energy Analysis, 1346 Connecticut Avenue, NW., Suite 530, Washington, DC
20036. Or phone (202) 653-8205.

In the Carbon Dioxide Research Division under Contract No.
DE-AC05~760R00033,

Their favorable findings were recorded in the committee's formal report,
Report on the ORAU/IEA Long-Term, Global CO» Energy Policy Assessment

Methodology. In this report they concluded, "We see this effort as a solid

professional job in the face of a difficult task.”
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‘A long-term global energy-
economic model of carbon
dioxide release from
fossil fuel use

Jae Edmonds and John Reilly

In this paper the authors develop a long-rerm global energy —-economic model which
is capable of assessing alrernative energy evolutions over periods of up to 100 years.
The authors have sought ro construct the model so that it can perform its assigned
task with as simple a modelling svstem as possible. The model structure is fully
documented and a brief summary nf resulrs is given.

Energy. economics. and the environment have long been
recognized to be closely intertwined. Nowhere have they
been more closely connected than in what has come to be
cailed the "carbon dioxide question’. Carbon dioxide
{C0.} is a non-toxic gas in the Earth’s atmosphere. It

The authors are economists at the Institute for Energy
Analysis, Oak Fidge Associated Universities, 1346
Conrnecticut Avenue, NW, Washington, DC 20036, USA.

Thit paper is based on work contracted for by the US Depart-
ment of Energy, Office of Energy Research, Carbon Dioxide
Aeerarch Division, unaer Contract No DE-ACOS-760R00033.
C.-i gright 10 the cuntent of this article beiongs 1o the US
Government.

A nvmoer of individuals have provided us with adwice and
Assestanet taning the course of ths work, On 27 and 28 July
190931 Ruabwert Aeeone hom Ponceton University, Lester Lave
af the Brookings Institution, and David Pumphrey of the
US Tepartment of Energy met as a formal review commirttee.
“heir extEnsive review of our methodology which is embodied
in their final mport, Aewew Committee Reporr of the ORAU/
IEA Long-Term, Global, CO, Energy Policy Assessment
Merhodology . was particuiarly heipful. In addition, we are
indented to Derrel Cato of the Energy Information Admini-
sirauon, US Department of Energy, Peter C. Roberts, UK
Segartment of the Enviranment, William Van Gool of
Rilksunivarsite:t, The Netherlands, and two Institute statt
members, Davwd Seister and Ratph Rotty tor their advice and
cor —ents, White we have denefitted greatly from thesr snputs,
3. reMaining errors are the soie responsibility of the authors.
Firdily, we WSt 10 acknowledge Fay Kidd tor her pauence
and Derravergnee ' typing The various draits of this manuseript
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exerts a ‘greenhouse’ effect by allowing incoming sun-
light to pass through to the Earth. but traps outgoing
heat. CO, is a by-product of decaying piants. animai
respiration. cement production, some mining, and fossil
fuel comnbustion. At higher fevels of atmospheric CO,
the greenhouse effect is intensified; global temperatures
would tend to be higher, causing associated climatic
changes. If the present atmospheric concentration of
339 ppm increased 1o 600 ppm it is generally felt that
the mean global temperature would increase by 1.5~
4.3 deg C, with an accompanying change in global climate
pattemns.

The burning of fossil fuels represents the major
anthropogenic source of CO,. As such, fossil fuel use
projections are critical to any analysis of atmospheric
CO, buildup and are essendial in determining the likeli-
lwod and wming of significant climate change.

The CO, question can be broken up inlo three paris:

{t} Will CO, emissions continue to grow at rates which
will cause aumaospheric congentrations to reach
“critical” levels?

{2) What are the consequences of CQ, concentrations
tn the critical range? and

i3} What can or should be done abourt this problem?

Puints 2 and 3 of a CO, research programme would
seemn 1o hinge on the outcome of point |. [ronicalty,
the buik of the research effort has been conducted in
the support of pumnts 2 and 3

0140-9883/83/020074-15 303.00 € 1983 Butterworth & Co (Publishers) Lid
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The iack of attention to the e&onomic—cnergy

aspects of CO, buildup stems from an early identification |

of the issue as largely an area of natural science interest.
Early emissions forecasts were based on simple time,
trend analysis of CO, releasé. Based on such forecasts,
£0, was moved from an issye of basic research and
academic interest to one where a large body of scientific
evidence indicated potentially large and disruptive effects
on society in the not too distant future. The most recent
trends in encrgy consumption have cast doubt on simple
time trend analysis of {ossil fuel use as a pusis for CO,
emission forecasts.

Economists have similarly focused on the consequence
rather than the existence questiorr.-3+*+* However. the
existence question has been studied. Nordhaus® and
Hafale? both address the question. Hafele and his fellow
researchers at the International Institute for Applied
Systems Analysis (IIASA) used a set of detailed process,
linear programming, and input—output models linked
together by judgment in the development of two reference
energy cases. While the reference scenarios have been
lauded, the modelling process has been criticized.
Meadows® contends that the model system is cumber-
snme to use (taking months to run sucgessfully) and that
its outputs have not been independently reproduced.
The Nordhaus model is a linear programming model of
the world, used to expiore optimal energy—CO,
strategies.

There was obviously a need for a behavioural, long-
term. global energy model, which was flexible enough
to explore alternative economic, demographic. technical,
and policy interactions with energy antl CO4. but which
was also simpte enougl 1o provide this analysis quickly
and inexpensively. The US Department of Energy,

Office of Encrgy Research, Carbon Dioxide Division
hegan funding the development of such a model at the
Institute for Energy Analysis, Oak Ridge Associated
Universities [1EA/ORAL) in autumn 1980.

The major thrust of this paper is in the systematic
development of the formal model used to assess the
long-term, eional energy —CO; interaction. We develop
this energy—economic model as an example of 2 modelling
effort which was designed around a specific energy—
economic problem. We discuss the criteria which were
used to develop model siructures as wel! as the model
structures themseives. Finally, we present some results
‘rom model runs, although the detailed discussions of
model resulte +re presented elsewhere >

Minimum modelling

We have sought to develop the modeiling framework with
some appreciation for the limitations imposed by the
nature of the 1ask and the szate of the seer's art. There
are uncertainties at every turn. Key . \ogenous varinbles
such as popuiation and ;evels of economic activity have
proved io be extremely iltusive forecast targets in the
nast, and we Bave no reason Lo believe that they are any
eazizr to foreteil now. Sunilarly, such model parameters
as 'he price and income elasticities of demand for energy
have proved a rich source of disagreement.

ENERGY ECONCMICS Aprii 1983
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in shon)the future, and particularly the distant future,
is impossible to predict. What is hoped for is that condi-
tional scenarios can be constructed to explore alternatives
in 2 logical, orderly, consistent, and reproducible mann
The model is not a crystal ball in which future events -
are unfolded with certainty, but rather an energy—CO;
assessment tool, of specific applicability, which can shed
insight into the long-term interactions of the economy,
energy use, energy policy and CO; emissions.

Recognition of the limits of modelling the long term
led to adoption of a single overriding design criterion. We
have coined the term ‘minimum modelling’ to refer to
this criterion. It is nothing more than a2 modetling effort
aimed at developing the simplest possible framework
fur analysis given the research question. As such, the
mode| we have developed is task oriented. with much of
the levels of detail and disaggregation dictated by the
needs of the user community.

We have also sought to make this mode! as open as
possible. Reproducibility of results was viewed as a key
reason for developing a formal model. In addition, we
have sought to make the model as understandable and
transparent as possible. The "black box’ concept of
modelling is less useful to the assessment of CO, emis-
sions than what Martin Greenberger has termed the
‘open box’ concept.!! Needless 10 say, the construction

-of a global mode! requires attention to some detail and

the box, while open, may be more or less understandable
10 observers. We have felt it useful to discuss both overail
model design in the context of the design criteria, and
the actual model equations.

-

Minimum requirements

Despite the desire for simplicity. there are several levels
of detail which are nonetheless required if reasonable
energy ~CO, scenarios are to be constructed. These form
the set of minimum requiremnents that a CO; assessment
must meet;

disaggregation by fuel type;

very long-term applicability:
global scale;

regional detail;

energy balance;

CO, energy flow accounting.

e & ®» & & @

Disaggregation by fuel type

Energy is unaiike in its emission of CO,. Nuclear. solar
and hydroelectric power generation contrbute ne
carbon directly to the atmosphere, while coal and
western US shate vil (oil in carbonate rock) are major
sources of carbon refease. Qil and gas aiso release
carbun in combustion, but are not as important
contributors as coal and shale oil (see Table 1).

I= light of 1he wide disparity among carbon release
coetTicients of vanous fuel types, an imporiant
elejnent in any carbon release assessment is the com-
posiion of fuels consumed over the period.

While there are four CO, release coefficients there
are n fact mine types of primary energy technologies.

-
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Table 1. Carben releass in the production and combustion of
fossil fuels,

Fuel Carbon, g¢/MJ
Ol _ 19.2

Gas 13.7

Coat 23.8

Shate oil mining? - 279

Solar 0.0

Nuciear Q.0

Hydre 0.0

¥ Western US shale oil from carbonate rock.

Source; G. Marland, "The impact of synthetic fueis on global
carbon dioxide emissions’, W. C. Clark, ed, Carbon Dioxide
Revisw, Oxfard University Press, New York, 1982,

conventional oil, conventional gas, unconventional oil,
unconventional gas, coal, biomass, solar electricity,
nuciear electricity, and hydroelectricity. These in

tum are aggregated into six primary energy categories:
. oils, gases, solids (biomass and ¢oal), hydroelectricity,
nugclear eiectricity, and solar electricity. In addition
primary solids may be converted into either secondary
liquids or secondary gases, while non-electric solar and
conservation enter as a reduction in the demands for
marketed fuels.

Very long-term applicability

The CO, problem is long term. It is uniikely that fossil
fuel combustion will cuiminate in dangerous leveis of
global warming before 2030, aithough the policy
initiatives necessary to avoid critical accumulations of
CO, may have to be impiemented at much earlier dates.
The current terminal analysis date of the JEA/QRAU
framework is 2050. The long-term nature of the enter-
prise argues for simpie mode] specifications. The elegant
and powerful advances in economic theory, which have
proved so useful in mid-term energy analysis, have been
focused on such arezs as duality theory, flexible func-
tional forms, ex ante/ex post production structures and
input—output analysis. The explicit treaunent of capital
stocks by vintage, endogenous and embodied technoio-
gical change and other factors of production would
seem to give the illusion of a far greater understanding
of the long-term future than can possibly be justified.
As a consequence, we have chosen to use simple, well
behaved functional forms to represent energy, economic,
technical, and policy interactions.

Global scale

While some forms of environmental poliution result
primaniy in local effects, the expected climatic changes
-associated with major CO, accumulations do not. The
severity and geographical distribution of climatic changes
resulting from carbon accumulation depends on the
total amount of fossil fuels combusted by all global
energy users. No major energy consumer can be ignored
in the process of CO; assessment. Thus, an assessment

of both the centrally planned economies and developing
nations must be included.

76

Regional detail

From both a scenario building and assessmen? perspec-
tive, it is necessary to identify individuaily the major
CO, actors. Some regions are sigiiificant because they
are important sources of a major global energy source
for example the Middle East. Q. the other hand some
regions, such as the European cantrally planned econonnes,
are major sources of fossil fuel combustior with uniquely
important characteristics. Still other regions, such as
North America or the European OECD nations are
important potential sources of energy .policy initiative,
which would affect carbon emissions. Nine distinct
regions have been specified (Figure 1).

Energy balance

Despite the fact that carbon release calculauons depe..d
directly on the level and composition of global energy
combustion, not all energy forecast models can be modi-
fied to suit this purpose. For example much early work,
in the field of international energy analysns .2y be cate-
gorized as ‘gap studies’. Gap studies forecast supply and
demand for energy based on an expgenousiy specified
world oil price path. The general conclusivu reached by
such studies was that under the price scenarios investi
gated, there were likely to be dericiencies i global energy
supplies. These conclusions provided usefui insights into
the energy problem. But neither these studies noc chewr
methodologies were ever intended to address CO, issues,
as a consequence they are of marginal vaine in that regard.
Such model designs fail to equilibrate global cnergy
supplies and demands across energy use regiuns. As

a resuit, the global oil market may not be in balance

and it is impossible to tell how much carboa s released
by fossil fuel combustion if production forecasts fall
below consumption forecasts. At the very (ust, an
assessment tool must provide global energy balance .

-enable consistent CO, release scenarios to be generared.

An iterative process of price adjustment combined
with a price sensitive formulation of supply and demand
insures giobal energy demand in each fuel murker (see
Figure 2). It begins with an arbitrary set of intermational -
prices for the traded fuel aggregates, liquids. gas and
solids. These prices are used to generate z set of suppies
and demands by fuel type. In addition to prices, the
demand model uses exogenous inputs of regional popa-
lations. regional GN\Ps, regicnal energy proguctivity
(technoiogical changes) and repional taxes and tantts,
The supply module uses inputs of regional resource b yses
for resource constrained technoluges and productiv:,
descriptions for backstop technologies. Prices are
adjusted in successive iterations uatl global supplies
and demands for each fuel balance within 3 prespeciited
bound. The result is regional production ana consump-
tion. estimales of international trade flows and worly
prices consistent with the global equilibnum. It then
becomes a relatively straightforward process of appivinge
CO, coefficients to energy consumption and production
to arrive at globat CO, emissions.

ENERGY ECONOMICS Apnl 1983
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Figure 1. Geopolitical divisions in the 1EA/ORAL assessment framework,

Key: 1.USA;2. OECD West: 3. OECD Asia; 4. Centraily planned Europe; 5. Centrally planned Asia; 6. Migdle East; 7. Africa; B. L2nn
Americs; 9. Seuth and East Asia ;
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Figure 2. The |IEA/ORAU CO. emission madel.
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E"e’gy ﬂ”“‘ ac‘camrring Table 2, Distribution of supply technoiogies across supply
Carbon is released at the point of energy combustion. catrgories.
“ich makes it important to distinguish between primary. — - -
W™ ondary and tertiary-forms of energy and to be able tv upply categories

distinguish non-combustion uses (for example petro- Resourcs Resource

chemical feedstocks and asphalt) and flaring. For example, constrairmed constrained Unconstrained

the distinclion hetween primary and secendary energy _conventional renewable  energy

forms would prove important across scenarios if the role sneray nergy resources

of electricity varied between them, and in addition the Energy Canventional o1l Hydro Unconventional un
€O, intensity of power plants was either much higher or technologies Conventional gas Unconventional gas
lower than the economy in general (eg due to either .g:lids

heavy dependence on coal - implying high CO, intensity Nu‘:l"“r

in power generation, or heavy dependence on solar and
nuclear — implying tow CO, intensity in power generation).
Similarly, it has proved important to be capable of
distinguishing coal which is consumed directly as opposed
to coal used for liquefaction and gasification.

The demand for secondary energy types is a derived
demand springing from the demand for energy services.
tertizry energy. As a consequence, the demand for
secondary energy depends not only on the overall
demand for energy and the relative cost of that parti-
cular energy fucl, but also on the non-energy costs of
transforming that fuel into a useful energy form. Thus,
coal’s low relative cost is frequently more than offset
by its associated high capital. labour and material
costs, which often make it 2 more expensive provider
of energy services.

between primary enetgy and a category which, for
accounting purposes, has been termed refinable enery.
The two categories differ in that the fatter includes co.al
derivative synfuels while the former excluues them.

The primary energy category mludes en2rgy al tha
extraction stage before any processing ot the form has
occurred. Thus primary oil and gas consist of conven-
tiona! and unconventional components. Coai used for
conversion to liquids and gases is counted as primary
coal. In contrast, there are three related categorics:
refinable liquids, refinable gases and refinable solids.
Refinable liquids and gases inciude both primaiy energy
and the energy content of coal liguids and gases input
betore the final refining process. Refinabie solids include
only that coal which is eventually used in the form of
solid fuels. It excludes coal production for synfuel
wweThe model conversion. Biomass enters with coal as a 3olid primary
L ¥ fuel with the potentiai to be converted to refinabie

Each of the four sections which follows corresponds to liquids, solids or gases.

a major computational component of the assessment
framework: supply. demand. energy balance, and CO, Resource constrained exhaustible techialogies
emissions. These sections document the actual equations gy ang gas resources are disaggregated into twu grades
used to calcufate regional energy supplies and demands. of resource, conventional and unconventional The con
the techniques used to insure energy market equilibfium.  yentional components of oil and gas supply are resource
and the computations needed to develop projected CO, constrained. By definition all conventional resources a.v

emissions. profitable to produce at current price jevels. There are,
however, real-world constraints whicn prevent this grade
of resource from being consumed immediately. The
Supply resource must first be found. This requires search pro-
The supply module forecasts supplies and prices °f_' the. cedures and drilling operations. [n the short term. drill.ng
six major primary energy categories for a given region in equipment is fixed and the ultimate intensity uf its use 1s
a given period. Its inputs are the prices of the three limited physically. In the longer term. there are costs 0¥
major traded fuels (oil, gas. and coal), and the energy— building equipment which are minimized by using the
GNP demand ratio for the two major renewable resources  equipment over time rather than in one niassive search.
{nuclear and solar). Prices and outputs for the final Even where the oil resources are weil known. resource
primary energy category, iydroelectric generation, are owners have incentives to disburse Ltheir product vver
introduced exogenously. There are three generically Lime so as to maximize profits.
different technologies considered in the module: *resource Conventional oil and gas modeis can be classified intc
constrained exhaustible energy technologies’, ‘resource thres categories: extrapolation models, econometric
constrained renewabie technologies’, and unconstrained models and discovery process models, The first of the.c
energy resources or ‘backstop’ technologies. classes is simplest, A curve i5 fitted between production
The assignment of primary energy technologies to and time or reserve additions and drilling. Such models
these three categories is given in Table 2. mete out a fixed resource mechanically over time. They

) contain no price effects although they are easy to use
Primary and unrefined energy and have had success as forecasting tools.* Ezonometr.:
w\EaCh of thF three fossil fuels — oil, gases‘_' an_d 59“55 - *5ee for example Deffeyes and MatGregor!* p 79, ana

forms a primary energy category. A distinction is made Cherniavskey !’
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models incorpurate prices. but typically leave ultimate
total production unconstrained. This is a distinet
disadvantage in a long-term framework. Discovery
process models are the most sophisiicated representa-
rions of conventional oil and gas suppty. They model
individually the process of exploration additions 10
reserves and production fron reserves. While these
models have perfurmed well as explanatory and fore-
:ast models.t they are clearly not simple models. Not
only must prices, resources and discovery constraints
be incorporated. but su also must expected future
prices. The latter input is especially important in the
formulation of cartel supply models.

Process discovery mudeis are clearly the most intel-
lectually satisfving of the three modelling categones.
They yield buth insights into the process by which

Produchion

supply is created and are reasonable forecasting tools. 0 -att
They are especially appealing in an economic context Figure 3. Production over time of an exhaustii.ie resource
since price plays an important endogenous role ini the using 3 logistics functicn.

analysis. This is not to say that they are without
difficulties. To some extent, the discovery process
model pushes all of the interesting questions surround-

ing production into discovery rate parameters. Thus, at a given point in time. The rate of productivn. ¢
‘the discovery process model relies on curve fitting is given Dy

just as hfﬁavily as any of the curve fitting extrapolation 0.ty =f() [1 — flr)]BR {2
models’.

In this model. supply is determined by a simpie The time pgth of production is shown in Figure 2 Tie
extrapolation model. The theoretical difficulties with initial fraction of resources that were used up in the
such models are well recognized. Such models lack any initial period. = 0. 15 simply
hehavioural insights. They are non-economic in orienta-
tion, and the particular function chosen to represent fi0y= — ()
the production time path cannot be justified on L+e

physical grounds. Nonetheless, as noted eariier. such
models have been successful as forecasting tools. They
are simpie and sufficiently flexible o aceommodate 0} = — s

alternative resources-remaining scenarios. Finaily. it Q:A0) = (1+ eﬂ)IbR '
is worth noting that the alternative real worid supply

considerations may be implemented exogenously through The maximum production rate occurs where fo=tl

while initial production is

in

the various resource and production rate parameters of and r=—a/b.
the supply schedule. For regions other than the Middie East the logisites
Production of the constrained resource is handled equation is used to forecast the production of conven-
conventionaily via a logistics function. The logistics tional oil and gas. The level of Middie East ousput is
function relates the cumulative fraction of the total assumed 1o be determined by OPEC poiicy. ang (hat
resource base which has been expioited, f(¢). Lo time. policy is an ex0genous MpUt (o the Supply Moduie as
The relationship is given by is the time protiie of the rate of naturai gas flanng.
) For example, a constant level of output is frecuentiy
ft - (@ + b - (N cited as a likely production scenario tor this region.
b - ) exple ) Other supply scenarios are aiso possible.
it is importznt Lo point out that wiule 2ach, uithe
where g and b are parameters, and ¢ denotes Lime individual regonal proguction 1me patis inay 2¢
elapsed from an imtial period. descriped by Figure 3. the giobal pruduction time paths
This implies that the fraction of the resource mav not be. In fact. the regional pattern of resourse
eapioited by the penod £ gnen 1y Jistribution is likely 10 skew the global productan
2o time path 1o the right with a ‘fattes’ taii and earlier
flys - ) peak than would be vbtamed from a globas logistics
{(1+e"%" representation of production.

For resource constrained technoiogies. supply does

The mutial resource base to be exploited over all time not respond to price. Production rates are assumed (0

is Jenuted by R. The total amount of the resource follow the logistics path, and the total supply 15
explorted by time. (. is given by Rf (). This s different offered withoul regard 10 market conditions. The

from the rate at which the resource s being produced' sanic s Aot true of backstop ol and gas SUpPpiigs,
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which are offered to the market on the basis of market
prices and overall rate of economic activity.

The one exceptional resource constrained techno-
logy is hydroelectric generation. Here the level of

. Tesource exploitation is given exogenously along with

production costs. Both the price and quantity of this
resource are passed on to the electric utility compo-
nents of the demand module.

Natural gas flaring

Natural gas is a premium fuel frequently found in
association with petroleum. Despite its end-use attrac-
tiveness, the market for natural gas was siow in
developing, due to problems with transport and storage
of the fuel. As a consequence, associated natural gas
was often flared or vented. As the natural gas marcket
has developed the fraction of gas flared or vented has
diminished. In OECD countries the market has developed
to the point where most gas is introduced into a natural
gas pipeline system for distribution, flaring and reinjec-
tion are not important considerations. Some gas is now
liquefied, in a more costly process, and transported by
sea. However, natural gas markets remain underdeveloped
in LDCs. )

Economic considerations have been important to the
development of gas markets, Prices now offer sufficient
incentive to market gas which once would have been
flared. As a consequence, the fraction of gas flared,
capped, and reinjected is expected to continue to
diminish, This has been modelled in the framework
as follows: the amount of gas that is flared. f, is
expected to continue to decline from a present rate
of b, to an ultimate rate of 7 over a period of T years,
The transformation is-modelled as an exponential
interpolation

() =89 (s=yT)

where ¢ is the number of years of adjustment aiready
experienced. Note that this equation structure
diminished flaring more rapidiy in early periods than
later periods. 1f g ana b are equal, as they are in the
QECD, the flaring fraction is constant. It is also
important to point out that while price is the driving
motivation for reduced flaring of gas, it is not inciuded
specifically, as the magnitude of the gas resource at
issue is insufficient to warrant attention 1o second-order
effects which would either hasten or dampen the
primary trend.

(6)

Backstop technologies
Backstop technologies are, by definition, capabie of
producing inexhaustible supplies of energy. The term
inexhaustible applies strictly to the contcxt of the
analysis. Backstop technologies include unconventional
oil. unconventional gas, coal, solar, and nuciear =nergy.
The traditional use of the term "backstop’ implies
a resource which can be supplied with an infinitely
elastic supply scheduie.!® A backstop technology then
is an industrial anajogue to the perfectly competitive
firm in economic theory. That is, the industry is so
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small relative to the economy ac 1 whoie that its
production cannot affect the price of its resources or
the long-term price of output.

The methodology chosen for use here is somewhat
more sophisticated than that used to model the simple
backstop concept, but contains that simplification as
a special case. The specification used here departs from
the simple backstop concept in that it introduces the
concept of a normal rate of growth. For a pure product
with no special input requirements this norm might be
the growth rate of the economy as a whole. For breeder
reactors, this norm might be derived from the breeding
ratio. For shale oil it might be some other reference
rate, If the backstop energy sector attempts to grow
more rapidly than its ‘normal’ rate, costs are bid up in the
short term. If the sector then returns 1o its normal or base
growth rate of expansion, costs of production fall back
toward the long-teérm backstop price, P*. Backstop
supply prices can rernain significantly above or below
this price only if the sector continues to expand at a rate
different from the normal rate,

A relatively simple equation structure is used to relate
three parameters: a breakthrough price, a, below which
no output will be forthcoming: a ‘normal’ backstop price,
P*, which is determined by the parameter b, and a short-
term price elasticity control parameter, ¢. The supply
equation is specified in terms of production costs, P, and
the matio of output, Q,, to a base Q*. g =0,/0*.

P = gea) (7)
This equation is depicted graphicaily in'Figure 4 [f the
long-term rate of expansion of supply marches the
normal rate of expansion, then the backstop technowey
supply schedule, S(g) long term, is infinitely elastic. An
infinite amount of supply is available at the price P*.
Over the short run the industry may expand either
more rapidly or more slowly tt.an this base rate. [
production exceeds the base level, then short-term costs
rise, jorcing prices up. If on the other hand the industry
fails to attain its base production normal :ate. prices
tend to fall and the industry moves back along its sh »ri-

SiQrw}

Snprr tmrm

5ia.m2)

Lt vy

5o .,

tey J, .2
F1gure 4. Short-term and lopg-term supply schedules
for Backstop tecnnoiogies.

ENERGY ECONOMICS April 1983



A.global energy —econontic madel of carbon dioxide release J. A. bu: weelds amd S Rediy

term supply scheduie. There is a limit. however, to how
low prices can fall. There isa shutdown price. Pyin
which is given by a.

\ote that the short-term supply schedule shifts over
time with the base supply level. Q* (see Figure 4). Note
also that the marginal cost. P, of producing a given
supply depends only on the rate of growth of output
in that period. and that the shut-down price.a. is
independent of output and growth rates.

The short-term price clasticity of supply. £. is
obtained by logarithmically differentiating Equation
(7} which vields

_oln O;

g/
8 1nfF c

Note that the elasticity becomes infinite at the shut-
down price. g =0. and completely inelastic as g becomes
large.

It is also worth pointing out that in the limiting case.
where ¢ approaches infinity. the distinction between
the short-run and long-run elasticity vanishes. and the
two curves merge.

There are three key parameters to be determined,

a. b. and ¢. The first, @, is simply the short-run, shut-
down price of the industry. To determine b and ¢ first
note that at the reference price, £, realized and base
production are equal, so that

In{P*/a)=b~"

The parameter ¢ may then be expressed in terms of the
shut-down price. a. the reference backstop price. P°,
and the short-term pnce elasticity of supply. £, via

¢=[Em(P*a)!
The parameter b then is found by simple substitution:
b=[in (P‘fa)]("”")

It is finafly worth pointing out that the supply schedule
can be expressed as a function of price, a, Q¥ and supply
elasticity at the base price, £, by

0, = Q*[in (P/a)/ln (P*/a)} ™ 17 77 14)

Another important characteristic of backstop techno-
togies 1s technological change. This 1s less important for
a fuei such as coal, and extremely important {or a tech-
nology such as photovoltaic cells. With technological
¢hange the entire supply schedule shifts downwards and
to the nght. There are a number of waysn which this
can be represenied. !n tus frinework technuivgical
change 1s treated as 1f 1t lowered the entry price. Tech-
nulugical change is “phased in’ over a periud of length
T This is described as 2 decrease tn Lhe MINIMMM Cust
of the technalogy, ¢, Itom an tial value of g, o an
altimate mmmun of g, The transition is carned oul
in T penods using the formula

a= al{:l ) ‘L)az(;)

Thus in the imnal period (£ =0) ¢ =a; and in the fina}
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period (1 =T) a =a,. (Note that the ounod of transition
can begin and end at any chronulogical time petiod
and that £ =0 is used only for expository convenience.}

Resource consirained renewable technaiogies

Electricity generated from hydropower, geothermal
power and wind can best be represented in the period
of analysis as'a category of primary snergy charac-
terized by a permanent flow of energy with an alti-
mately limited contribution to globai suppiies.
Hydroelectricity is. by far, the dominant technology in
the category. The resource has an uitimate limi: derer-
mined by physical constraint. While econormic considera-
tions could elicit a marginal supply response, the
overwhelming share of the resource couid be available

at prices below existing electricity prices. Exploitation
of the full resource will be gradually phased in over

the period of analysis. The resource. while un important
contributor because of the low cost and desirable
characteristics. faces an ultimate constraint that is
relatively low in terms of future global energy require-
ments. The resource is modelled as being phased in over
time as determined by a logistics curve, described in
Equations (1) and (2). Because the resource is renewable.
production in period ¢ is simply given by

ea+bf
(1+&7° o
where R is the total resource.

This is not to say that the size ot the resource and th
rate of exploitation are not dependent on price and
profitability. Rather, the sizes of the resources in guestion
are small by world standards. and the quant:tative
descriptions of price responsiveness are not weli-known.
Because these economic considerations cannot be
expected 10 add significantly to the degree-of accuracy
in the estimates of global CO. emissions, a first-urder
approximation of resource constrained renewabie supply
was adopted.

The path of exploitation described by the logistics
curve is shown in Figure 5. The logistics curve descnbes

a path where the share exploited approuches 100% of
the total resource.

2,6} =

Unrefined liquids and gases production

While coal. nuclear, and solar are treated as pure back-
stop technologies and hydro is treated 2s a pure resouice
constrained technology. o1l and gas are hybrias having
elements of both. In addition. unrefined liguuds and
gases are each nmiade up of three conmstituents. conven-
tional or resource constramned supplics. unconventional
supplies and synfuel denvatives of coal. Synfuel dunva.
tives are an intermediate encrgy goud. represeuiing
2 transformation from vne energy (ype. coal, coanoiner,
oil ur gas usINg energy and resources in the provess
Total unrefined supply is the sum of these three elemenis.
All primary fuels are eventuaily refined into secondary
fuels. Primary oil is refined intd the secondary tuei
liquids. white all gas 15 refined 1nto secondary guses.
Cual is wnique. Sume cuai is refined 1into the seconcary

g1
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a, 4 " thus equals

_ SieQeoniiBic {=0il, gas
(1= 54— 52000 i=coal

104

Biomass

As described in Reilly ef af'” hiomuss ana coal have
much in common. Both can bz consumed as solids. v1
converted to cither liquids or sases. The demand for
coal and biomass are derived from the same sources.
and the price of coal is assumed to govern the price of
biomass feedstocks. The supply of biomass depends vn
the price of biomass and a resource base. Agricultural
residue and urban waste are aggrerated inio a single
base which in turn is assumed proportional to the levs!
of economic activity. The share of that base which 15
exploited is a function of price. The share, 5. is given by

Producton

- 0.1 +0.2*P 0< P«

0 -alb 4

Figure 5. Production over time of a renewable resource §={0.2+0.1*F 1<P<4

using a logistics function. 0.8 P>4

product. solids, but some is treated as if it were pre- where P is the price of biomass in 1979 cunstant

refined into a primary oii or gas equivaient. All three doliars/million Btu. Note that while biomass waste

types of oil and gas inputs (conventional, unconventional, resource base varies by region and GNP, the rate of

and synfuels), are then aggregated and jointly refined exploitation varies anly with the price.

into the secondary liquids and gases. While a specific In contrast the biomass resource base from biomass

coal conversion process may not be decomposable farms is invariant with respect to GNP and varies oniy
_into these two steps. from an accounting standpoint by region. Again the exploitation rate is assumed :

it is treated as if it were, depend only on the price of bivmass feedstocks. via

The conventional component of oil and gas produc-
tion is obtained from Equation {3) from the logistics 0.0 O<P< LS
model or via exogenous assumption. The unconventional —0.6 +0.4*P 1.5<PS?
supply of the resource is obtained from Equation (7). = .
Thi?is accomplished by writing the expression with the —04+0.3%F I<P<a
energy output ratio as a function of the supply price. 0.8 P>a

The total supply of coal is determined by Equation
(7). but as the previous discussion implies, this supply
is trisected. One part is converted into primary oil
equivalents, one part into primary gas equivaients and
the third part remaining as primary coal. The size of the
first two components depends upon the prices of oil,
gas. and coal and on the transformation technology.

The cost of producing one unit of synfue! as a subst-
tute for oil or gas depends on the price of coal, the
technology, and non-energy costs. That is

Pie = gicPe + hic { = oil, gas

where P, is the price of a coal substitute for primary
fuel i, g;o is the amount of voal required per unit of
synfuel production and h;, is the non-energy cost per
unit of output.

where S is the share of the resource base exploited. znu
P is the price of biomass feedstocks in 1979 constant
dollars/million Bru.

The total amount of biomass suppiied is the sum o
biomass from swaste plus biomass from biomass farms.
Since biomass is assumed to compete directly with .1 Ji
in the solids market. biomass is subtracted from total
solids 10 obtain total coal production.

The demand module calculates the primary fuei require-
menis by type for a given region in a given period The
key inputs to the determination of demand are the level
of poputation. level of economic activity (GNP} and

‘ ) prices of primary energy types. { Though prices are
The share of coal allocated 1o the production of fuel exopenous 1o the demand module. 1hey are endogenous

substitute t, Sic. is given by the logit share equation, to the analysis framework. & point to be discussed in
(Po/PYi greater detait in connection with market equilibriui
Sip = e (9)  The demand for pamary energy is establisiied 1n a two
b+ z (PciB YT step process which first traces energy from world muike:

=1l prices fur primary energy, theough transport and refining.
The supply of refinable fuel/ derived from coal. Q.. to the costs of providing energy services. The dem.nd fo
82 ENERGY ECONQMICS April 198C
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primary energy is then derived by tracing the effects ot

energy prices back through its influence on GNP, end-use

energy demands (residential/commercial. industrial and

rransport), secondary fuel demands (liquids. gases.
_solids and electricity). through refinery demands for

prnmary equivalent fuels (oil. gas. coal. nuclear, solar

and hydro), and. finaily. through the derived demand

for synfuels to total primary energy demands.

Prices are a key determinant of both the level and
composition of demand. The first step is to develop
regional primary, secondary and end-use prices for
energy. This first step is cammed out by the price
preprocessor submodule.

The price preprocessor

The price preprocessor submodule determines the
regional price for each of the three primary fossil
fuels (oil, gas and coal) from the world market prices
for each. Next, it calculates regional prices for the four
secondary fuels. using the regional prices of ail six
primary energy types as inputs. Secondary fuel prices
are handled in a two step process. First the costs of
refined fossil fuels (liquids, gases and solids) are
computed. Next the cost of electricity generation is
compuied using refined (secondary) fossil fuel prices
and production costs for nuclear, solar, and hydro-
electric facilitics as inpuls.

The price ol traded luels { in region . P, dopends
on the world market price. Py, the transpart costs assoet-
ated withy that fuel, PR, amd taxes vt subsidies apphad
o tiels, 7\, that g Lanes atnd sunadies ate
assined fo b applicd propuntivoately o the kanded
price of energy so that

P, = (P + TRITXim

Only fossil fuels are assumed to be traded across the
regional boundaries. Interregional trade in secondary
electricity is almost nonexistent. The cost of producing
secondary fussil fuel type/ using the associated refinable
energy input is given by

(1

{(12)

where g; is the unrefined input necessary 10 produce one
unit of secondary fuel j, and 4; is the non-energy refining
costs associated with a unit of secondary fuel/.
Electricity is handled separately. Electrcity 1s genera-
ted using the three refined fossil fuels and the three
prunary electricity sources, nuciear. solar and hydro as
energy inputs, The cost of producing a unit of elec-
trnicity using one of these six fuels is denoted. £y, and is

caleulated in a manner analoguus to that used in Equation
{12),

Pey = BEPge + ey

P, =Bg +h, = liquids, gases, solids

j=1,....,6 {13

where / is either refined fossil fuels or pnmary elec-
ICHY. gg i3 the fuel requirement for a unit of electricity,
h., is the associated non-energy cost of generation. and
BP, is a scale factor relaung the average cost of refined
fuel/ to the price paid by electnc utilities,

Five fuels compete via cost for a share of the |
electriaity generating market: secondary liquids, gases.

ENERGY ECONOMICS April 1983

soiids. nuctear and solar. Hydroelectiiciiv wupply b
determined exogenously as is its ¢ost. The i..arket share
of the five fuel types is determined by a logit frame-
work. The share of the market captured by the jth
supply technology is determined by expected cost

and associated probability density function, via

b4Pa
Z

St = =18 L

where

Z=0 bejPefel
!
and the parameter b, is the base market share of fuel
i, and ry; is a measure of the varance of the cost
function distribution. The marke: share fur Juel [ is
related to the market share associated with frydro,
Sen. via

S;=(1 =S85 izl 5

The cost of generating a unit of electricity Jepends on
the mix of modes used. Denote the electricity cust &
P.. then the relationship between £, and modal pnces s

Pe= L SaPsg

{i%

1)

Equations (12) and { 1 3) define the derivziton of prices.
while Fyuativns {14 and (15} deternune the nrarket
shunes,

Uhe Hual Bunction pecbaied s e pawy s
PIOCESSOT i3 The Compuiaion ot Jwtg) sl PG
There is one energy service price for each end us. SECLO
and an overall aggregate energy service price There are
two classes of detaii considered in the model. QECD
regions distinguish three separaie end-use s2clorn
residential/commercial, industniai. and tr2nspost. Fu.
these regions there are three separale energy service
prices. Non-OECD regrons are not lisagyreguted and
contain only one end-use sector. The cost ot energy
services in a sector is given by

‘Pk=zsjkijPKjk v
i

where B, is the cost of providing energy services [0
end-use sector & using secondary fuel type/ (the seou o
dary fuel types are liquids. solids. 3ases and elecines. -
¥ is the sum of direct energy and non-cnergy cosis
divided by a hase price. 8F,:

1'}1;={P,3’,'k+/f;k)fBP,k L8]

and PKj; 1s the refative cost of serviges prov..ied by
fuelj 1o the overall service price. Again the use ol prce
indices necessitates commen unils of measure.

The overall aggregate energy service cost. 5.5
a weighted sum of individual energy service pnces. ot

PS=7Y S.F /8PS (19)
. k .

where BPS is the base price of aggregate energy services

23
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Having completed the computation of all secondary
and tertiary (energy service) prices. the demand module
proceeds to use these in the determination of secondary
and tertiary energy demands.

Dretermining secondary energy demands

The GNP is one of the principal determinants of energy
demands, but energy can conversely have an effect on
the GNP. To reflect this. the base case GNP is adjusted
for the overall level of energy service price to allow for
this two-way interaction. This is accomplished through
a simple elasticity relationship,

Y=GNP- PS> (20)

where r, is the percentage change in the GNP resulting
from a 1% increase in the cost of providing energy
services, and Y is the adjusted GNP levet.

This formulation yields a first-order approximation
to the impact of energy on GNP. These effects would
be likely to change with both the levels of energy
prices and GNP, and these changes in turn would be
likely to go on at 2 non-constant rate. Unfortunately,
there are neither clear empirical nor theoretical grounds
upon which to determine either the direction or
magnitude of second- and third-order GNP feedback
effects. Even the magnitude of first-order effects are
in question, though for most values of expected energy
prices, magnitudes uf r, are expected to be refatively
small.t As a consequence, the representation of the
energy price feedback given in Equation { 20) was
deemed to be as accurate as current empirical research
can reasonabiy support.

The total demand for energy services is determined
using income and energy service price elasticities, 7y
and r,,. The demand for energy services for the
residential/commercial and transport sectars in OECD
economies is given by

Ey = PLPK - X'¥k - POP (21)

where £, is the total demand for energy services. X is
a per capita GNP index and POP is the population size
index. Non-QECD regions and the OECD industrial
sector are indexed to the total level of economic
activity, Y, so the computation becomes

Eg =Pppk -Xyk - Y (22)
The fraction of energy services provided by each fuel
Lype depends on the relative cost of providing those

-services. and the level ot income. Both income and price
cffects are considered. These are derived from the logit

share structure so that the service share for fuel / in
sector Sy, is given by

Six = bjx * Fipik - XTnk(Z,

Zy = L by Bk - Xt
:

{23)

and where price and incume elasticities are determined

tSee Hitch.'* The focus of energy —economy studies has been
the USA. The reiationship is less well understood elsewbere in
the world.

84

by the power terms rp;x. and s . and & is the bav:
service share caprured by the ruel;.

The demand for each secondary fuel in a secior s
identically equal to the product of total service den.. nd
with the fuel service share and this vilue s multipheo
by the fuel requirement per unit service, divided by
the ievel of technoiogical improvement or

Fix =&k " Six - Eg [TECH;

The level of technological progress is addeud io account
for the fact that technological progress has actedd
conserve encrey even when enerpy prices fefl, Novodess
to say. this factor may or may not be an miparanl
source of energy conservation in the future. Tins spedify.
cation allows for both continued progress and stagnation
10 be explicitly considered,

The region’s total demand for the secondary fue:
type j is found by simply summing ove, the sectors

F’.‘_-%Fik (2%}

$ 24y

The share pf total energy services produced in the region
by the kth sector is found by computing

Sk=bﬂ'f,klz (26‘1
whers R
Z=) by Eu
k

and by is the base case energy service weight.

The determination of primary encerygy demnot!

Primary energy demands mav be inferreq fro.n the
demands for secondary energy sources, and the infui-
mation on fuel transformations. Fossii fue! demana:
for primary energy depend on the demands from end-use
sectors, Lhe electric utilities and syniuel convernsions
from coal. The demand for fossil fuels fur etectric
utility generation, in turn, depends on the demand for
electricity.

Primary energy demands are calculatea in three
steps. First the electric utility demand for retinabie
fossil fuels is calculated by

£y, =g[¢'S]EF¢gf F=10 ... 6 2T

where £; is the electric utility demand for secondary
fuel j, ¢ denotes the secondiry fuel, clectneny, g, 8. and
F having their conventional meanings. This dzmand in
turn must be adjusted for syniuel conversjions. There
are severa] alternmative accounting procedures that could
be adopted to distribute the demund for reiinable ol
between cunventivnal oil (0r gas) andd synfuels from
coal alternatives. The convention adopted here assumcs
that ail synfuels from coal are consumed dumesticaily.
and that ali mpurts of oil {or gas) are of convenuonal
wil (wr gas). Refinabie energy demand must be adgjusied
by the share of tolal demand that cannot be met by
domestic synfuet production coei.

ENERGY ECONOMICS Apni 1883
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‘Escu') Y] g )
(] .______.._'_i..,j__c)-: 1 -5

Fi+ by
Thus. sectoral primary energy demands are given by
Ei = (Fr'k + f:.ul‘.k) (- S,)

i = oil. gas {2%)

where k is the sectoral index.

Coal demand. of course. is the sum of direct plus
indirect demands. the indirect demands coming from
both the demand {or electricity and the demand for
synthetic liquids and gases from coal.

Ecoat = Fcnnl.k +Eu.cnal.k {direct)

D3 S;+ (Fix * Eujx} " Sic
j ol gas

{indirect

(29)

The total demand for primary fossil fuels is found by
aggregating the primary energy demands for end-use
sectors and electric utilities. That is,

E;=Eu+ Y Exi r=1,2,3 (30)
k

It rematns only to compute the fossil fuel equivalent
value for primary electricity. This is done by multiplying
each of the three benign forms of electric power genera-
tion. nuclear. solar. and hvdro, by the average primary
energy used by fossil fuels 1o produce energy. C. That is.

E,=C-F, i=4,56 (31)

Twe average primary {ossil fuel requirement is computed
by first summing all fossil fuel inpuis to electric powes
generation, and then dividing it by the total power
generated: -

C=(‘};E.“-)/(Z-m-f;) (32)

=l

Energy balance

It is an identity that the quantiry consumed must equal
production. The framework must accommodate this
reality. So-called *gap studies’ take 1 price as exogen-
ously given and then calculate the resulting supply and
demand. These are generally not cqual. but there is no
mechanism by which equality can be achieved other
than by allowing a residual fuel to provide a backstop.

The approach taken here is different. Markets for
oil, gas. and coal are international and, 1s a consequence,
there is an interdependency between price and the
resulting supply and demand in that market. By assump-
ten. nuclear, solar, and hydro do not trade and arc
availabie as specified in the supply and demand moduiecs.
There is no probiem with markets cicaring tor these
three fueis. Thev are clear as identities

The oil. gas. and coal markets are different. They
must be cléared by a more complicated mechamism.
A set of market prices for these three fuels must be
found which brings production and disbursements into
agreement. The methodology employed to derive these

ENERGY ECONOMICS April 1883
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prices is relatively simple. and invoives a seatait
procedure begun at an arbitrary set of pnces.

The market equilibrium sea. .1 procedure

At the initial prices,world supplics and demanas {or th.
three fossil fucls are calculated. A measure uf (e dirpasiy
between supply and demand is caleulated by the dire:-
ence berween the natural logs of both sides.

X,-=anP-anf

If the gap between supply. 0. and demand. NP, s
sufficiently small. then the market is assumed to ¢lear.
If the initial prices were not sufficiently close to equili-
brium. then an estimate of the new equilibrium prices
is made, based on price elasticities.

Denote the price elasticity of demand by L. and the
price elasticity of supply by Vj;. where

i = oil, gas. coa) {33)

U, _dln [0} )
dinf
i _dln o3
dinF
Now for each fuel
dX; =Y (U= Vpd InF j = oil, gas, coal  (35)
i

An estimate of equilipum prices can be obtained by
calculating exactly how much prices need 1o chanee t

‘reduce excess demang to zero, The necessary -hange in

prices is given by setting dx; egual to (). and
calculating

dIn Pon .
dinfp | =
d In Pcw

T-1

[wd!.oﬁ Wolgs  Wol.cou

[Wps.m! Wos.po  Vomoconl

Weoal, il Weoal, s wn:ml.coald‘

f-_Xrul .

£ -\ 136)

L_—.XLudlj
where W, = Uy — V.
New prices are caiculated by Py = Aug it ~d b
Thesc new PRCEs are in LB usey L cotipuly ¥ New 21p
measure. which is tested for closeness to equilibrium.

Calculation of elusricities

The caleulation of elusticities can be made either un e
basis of numerical or analytical procedures. The latter
have the advantage of being faster to calcuiate ones
derivatives have heen obtained. put possess tne dis-
advantage that calcutating the derivauve may a¢ 2
lengthy’ intricate, and tedious procedure Furthenmore,
dernvative procedures make model modifications more
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difficult since not only must supply or demand changes
be instituted in the modei core. but in addition the
effects of these changes in model structure must

WV’ be traced through the model derivatives. This makes

model transport more difficult as well. As a conseyuence,
model run time has been sacrificed in order to obuiin
malleability.

The procedure used is a simple one. The computer
mode! has been encoded in double precision Fortran,
Derivatives are obtained by sequentially varying each
price by a small amount. and noting the resulting
difference from the unpecturbed run,

CO4 emissions

Given the solution from the energy balance component
of the model, the calculation of CO, emission rates is
conceptually straightforward. The probiem merely
requires the application of appropriate carbon coefficients
(carbon release per unit of energy) at the points in the
energy flow where carbon is released. Carbon release

is associated with the consumption of dil, gas, and coal.
Significant carbon release is also associated with produc-
tion of shale oil from carbonate rock. A zero carbon
release coefficient is implicitly assigned to nuclear,
hydro, solar, and conservation.} Actual calculation of
CO, emissions is made somewhat more complex than

indicated by the conceptual simplicity. but primaziiy
because of the need to account appropriately amuosnts
of fossil fuels which are subtracted out & -fore final
consumption (see Figure 6).

A considerable literature exists concerning appropriate
values for CO, cocfficients. The coefficients in Tubie 1 are
representative of average global fuel of @ given type and
are consistent with the model's CO, acvounting conven-
tions as indicated by Figure 6.

In order to grasp the underiying rationale for the tlow
diagram in Figure 6. it is necessary 10 note a few nints
concerning CO, release. Generally CO, is not released
from fossil fuels used as reedstock (asphalt, lubricants,
road tars, and waxes), However, a group of petrolcum
products are rapidly oxidized (eg paints and soivents).
This latter group is not includec as part of the feedstock
in Figure & and. therefore. C0), released from oxidauon
is included as part of caleulatea emissions.

While non- or very siowly oxidizing feedstock usss
are excluded, all energy arriving at the "refinery gate’
is included, In terms of the model's accounts, both

1 Only direct emissions af carbon from energy corsumpuon

are calculated. Indirect emissions ara impiicitly ingiuded, For
example, the CQ, reteased in the production of steel for solar
and nuclear and in the transportation of fossil fuels is accounted
for in the industrial and transport secton rescectively.

Prwnory Secondory
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Figure 6, Energy~CO. accounting diagram for the IEA/ORAU long-term globai energy—C0O; moget.

Application of CO, coetficients

A = C0Q, {liquids)}

B = CO, (gases)

C = CO, {solids)

D = CO, {shale}

=== indicates point
of appiication

~= indicates application

ot a negative vaiue
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conventional and anconventivnal oil and gas are included
as are liquids and gases derived from the production of
synfuels (using bath coal and biomass as bases). For
solids. secondary energy consists of the portions of coal
and biomass which were not allocated to the production

" of synfuels and non-oxidizing feedstocks. This accounting
method vieids an appropriate estimate of CO), relteases
assuciated with consumption for any given region.

To get total regional release of CO4 it is ngcessary to
add releases associated with energy production. These
include synfuel production. biomass production and
shate oil production. Production of shale ail {rom
carbonate rock has refativety high CO; release because
the retorting process releases the carbon in the carbonate
rock. The total CO, release from shale oil includes the
carbonate rock mining plus liquids consumption coeffi-
cients or 47.6 TG/EJ. Production of synfuels (from coal
or biomass) tends to release high amouats of CO,
hecause of the tremendous amounts of the energy input
constmed in the process. To account for this energy
use,the full coal coefficient is appiied to the coal going
into the synfuel plant: the CO, remaining in the liquid
or gas as it leaves the plant is then subtracted to aveid
counting the amount at the production and consumption
point. Negative liquid. gas, and solids coefficients are
applied to amounts of end-use fuels derived from biomass.
Since biomass fuels, at the point of consumption, are
implicitly assumed to have carbon release equal to the
average of the fuel type. this accounting methodology
implies zero net contribution to carbon emissions from
biomass. §

Finally, the production of conventional gas from
sssociated wells gives rise to another sonree ol CO,
release in energy production. Portions of the associated
gas which are not marketed are either flared or reinjected
in the well to maintain well pressure and aid in the
extraction of oil. Flared gas is counted at the end use
CO, emissions rate; reinjected gas is counted at a zero
emissions rate.

Results in brief

The model has been used to deveiop a long-term giobal
base case for (O, emissions. This work is more exien-
sively documented in Edmonds and Reilly ' The results
of this first stage of work are rather striking, however,
and a brief summary is indicative of the modet’s potential.
- We begin by establishing a reference level of CO,
‘concentration in the atmosphere at 600 ppm ¢ The
duubling datc depends on the initial (0O, concentrauion.

§ Stock effects of growing or shrinking biumiass resOuUrces are
not computed, though such effects could make biornass either
a net source of sink for carbon.

o A level of BOO pom, approximately 3 doubiing of the pre-
\ndustnal atmospheric concentration, has become a common
penchmark. 11 is likely 1o cause a emperature nse of 32 1.5deg C
{ses Perry er #/1°). Chimanic and. in turn, sceietal impacts of
atmosphene CO. are not subject in any simnie way 10 a threshoic
jever: 1he number of ditterent events, coOntinuous tEmMperature
cnange, and uncertainty aboul specific relationsh:iDs make it
/mponibit (o identify a single criticat CQ, levet. Our agopuion

of 600 ppen as a reference leve! is based on tho ungeritanting.
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the rate of release. and the fraction of that releuse

N

window". The

l‘{. R f’:a‘!_\'

which remains in the atmosphere (the airbomme fraction.
_We have developed a concept called the *doubling
doubling window is defined by

the date at which the CO, concentrauon redv

louking ai
hes 500 ppin

-/

under a given scenario assuming that f goes no higher than
0.7 nor lower than 0.4. )
Simple time trend extrapolations of the posi-war

rate of growth of CO
between
scenario yields a doubii
This tinding indicates 2
decades later than scientists had

reference point.
On the other hand, our findings indicate consideranle
difficulty in postponing the doubling window through

the use of CO, taxes. Unilatera
would have little effect o
example, a 100% tax vn coal
on oil and gas in proportion
release rates with an export

doubling window back about five years.
a cooperative scenario, where the entire world joins the

USA in such a CO,

No SUrprises

] action by the USA
n the doubling date. For

use combined with tuxes
to their relative carbon
ban on coal moved the

Even under

tax scheme. the doubling window

would be moved back only about 2 decade.

Among the CO, results, was the finding
appears to be
shale oil become economic ways
liguids and gases w
nuclear to supply e
particularly biomass an

hile coal continues (o cOmM
lectricity. Renewabi¢ technojogies.
d non-electric solar and conserva-

tion, will provide a very significant contribution to

cnergy needs by 2050, but ¢
demand spurred by population an
put heavy demands on all fuels.
likely to evoive with a mixture o
the worid rather than a transition to 2
future’ based on nuclear, solar. 1
nation of these sources. Fuel mode sha
change over the next three-quarters of a centu

an initial shift towards primary electric and natural

gas, slowing the ra
rate of 4.5% per year to 1.5%
of this century before i
2050. The pattern emerging from

te of CO, emissions from 2 fustoric
per year for the remaindet
ncreasing to over 3% per yedr oy
the modeiling efrort.

continued slowing of CO4 growth in this century
followed by a jump in the rate of increase. snouid
caution policy makers and researchers from peing
lulled into believing the CO4 problem will “go away’
the basis of present trends and short-toroy forecasts.

on
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