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ENERGY PLANMIKG AWNALYTICAL LKEEDS
for the
ECGYPTIAN ORCAHIZATION FOR ENERGY PLANNIRG

1 BACKGROUND

In April 1983 the Covernment of Egypt created the Organization for
Energy Planning (OEP). The organization was designed as the technical support
staff for the Supveme Council on Energy. Among other responsibilities, OEP
vas charged with providing the Supreme Council with technical studies of
energy 1issues to be used to support the decision-making process. These
studies were to be carried out by OEP staff using the most appropriate
analytical methods.

The purpose of this report is to define the analytical tools needed by
OEP to carry out its function and to recommend the selection of specific tools
for implementation at OEP,

’n the course of this review, the terms ''model" and "analytical tool"
are used. In a narrow definition these would refer to specific computer
programs with specified structure, input, and output. In a broader sense, the
terms would refer to a computational procedure or methodology that may or may
not include computer models, It is this broader definition that is employed
here. The analytical needs of OEP are considered in terms of data bases,
computer models, and analytical structures.

2 THR ENERGY PLARNING PROCESS

The energy planning process requires a complex interaction of profes—
sionals from many disciplines: economists, engineers, geologists, operations
rescarchers, and others. The procedure whereby the efiorts of each of these
individuals is integrated into a concise and coherent picture for use by
decision makers is not a streightforward and mechanical operation. Rather, it
involves an extensive exchange of specialized studies in specific areas and an
integration cof these results into a unified whole. Also, the energy planning
process 1s a continuing and iterative prccedure that constantly increases the
quality of the infowvmation and the sophistication of the analysis.

In its supporting role to the Supremaz Council on Energy, OEP will need
to conduct a wide range of studies. Some will be brief issue papers involving
the identification of problems. Others will be major studies taking person-
years of effort to complete. Some will address individual energy projects
while others will dral with the nationat energy picture. OEP will need to
draw on the technical cxperience and studies done in other organizations. It
will also have to do its own original enalyses. e

Figure 2~! 1illustrat:s a basic structure for the energy planning
process. There is a division of tasks into two groups: Data Base Development
and Integrated Alalysis. The Data Base Development is designed to assemble
all of.ﬁhe'ﬁecessary informatiou required to conduct an energy analysis.,



Figure 2-1 Basic Structure for an Energy Planning Analysis
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Because of the diversity and extensive quantity of information needed, this is
not a minor undertaking.

The Data Bacse Development begins with an economic analysis. This is
the fundamental set of information upon which the energy analysis is baed.
The economic analysis includes historical! and projected information on the
structure and size of the economy. The data include economic forecasts,
population growth projections, and other sociocconomic indicators.

The sccond step in Data lLsse Development is the energy demand analy-
sis. This step 1is desipgned to translate the economic data into energy
requivements. Information developed from this step includes historical energy
consumption patterns, distribution of energy consumption by useful energy
demand, and projections of future energy demand tied to the economic
projections.,

Simultancous with the economic and energy demand analyses, data on
energy supply must be assembled. The first part is an energy resource
evaluation. This involves the determination of available energy resources in
the country. It includes fossil fuels (oil, pas, coal), nuclear materials
(uranium and thorium), and renewable resources (solar, wind, biomass,
hydropowver).

Along with enerpgy resource estimates, an evaluation of energy supply
system technologies must be made. Cost and performance data for fossil fue)
technologies (e.g. vefineries, coal processing plants), renewable resource
technologics (e.g. solar water heaters, biogas digestors), and electric power
technologics (e.g. oil-fired boilcrs, steam turbines, nuclear plants) must be
gathered. Data for both the cxisting energy supply system and potential
candidatcs for the future system must be collected.

The Integrated Analysis is desipgned to assemble the data into a con-
sistent picture to provide decision-making information. The first step is to
construct a supply/demand balance for the cnergy system undar a series of
assumplions about econcmic growth and supply system configuration. A set of
balances ig constructed for other assumptions so that the results of alter-
native scenarios may be compared. For each balance constructed, an 1impact
evaluation is carried out. This determines effects such as capital cost
requirements, foreign exchange requirements, environmental effects, employment
impacts, etc. of the alternative balances.

The entire process of cvaluation is veviewed and repeated to give a
comprchensive picture of the viability of alternative developments of the
energy cystem. This 1is thgy analytical information presented to decision
makers.

To carry out energy planning in this framework requires three funda-
mental sets of analytical tools. First 1is a set of data bases from which
information can be drawn with ease. Second is a set of modeis, either comput-
erized or manual, that will allow the planner to make computations regarding
the energy system. Third 1is an analysis procedure that will provide a
structure to the work. Each of these three requirements are described in the
tollowing section.

[T
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3 ANALYTICAL REQUIREMENTS

3.1 DATA BASES

The bheart of the energy planning process 1is the data used for
analysis. There 1is already available in Egypt a sizable quantity of
information regarding the energy system. However, much of it is in reports
and contractor studies that do not allow for rapid retrieval of consistent
information. One of the primary needs is for enerpy data structured in such &
way as to allow for this type of retrieval. The type of data bases neceded by
OEP include the following:

Economic paramecters

Sectoral energy use

Energy resource information

Energy supply system characterization

These data need to be cataloged in such a way that an analyst can get quick
access to needed information.

3.1.1 Pconomic Yarameter Data Bsse

OEP needs to have current and historical records of basic economic
paramcters including GNP (disaggregated by major sector and meaningful
subsector), populaticn, personal income and orher social and economic
variables. These arc used te correlate patterns of energy use to economic
variables and to project future trends based on economic growth.

The belle of this information already exists in statistics compiled by
the Central Agency for Public Mobilization and Statistics (CAPMAS). Much of
it is published and generally available. OEP needs to develop its own data
bank of relevant statistics, using the CAPMAS information, that can be used
consistently for all studies,

3.1.2 Secctorul Evergy Use Data Base

The historical and current patterns of energy consumption by majer
sector and =subsector need to be compiled into a consistent data base. The
major scctors would include industry, agriculture, houreholds, transportation,
commercial/institutional, and others. The subsectors can be selected appro-
priately and might include activities such as cement, aluminum, fertilizers,
textiles, 1lron and steel in the industry sector; urban and rural in the house-
hold sector; passenger ard freight in transportation; and others.

Basic data for each of the sectors would include activity level (e.g.
tons of cement produced, sales of textile goods, number of houscholds,
passenger—km traveled), energy consumption by fuel type and efficiency of

energy-using equipment. This basic data would be connected to useful energy
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demand and distributed by useful energy demand category (c.g. steam, direct
heat, motive power, cooking, lighting).

These data are generaliy not available in Egypt in a comprehensive
form. In some sectors or subsectors specialized studies have been done but
there is no comprehensive collection of information., Likewise, there is not
now any compilation of what information does exist so that most of the piece-
meal data are not available for rigorous study.

The data from CAPMAS' surveys represent the most complete set of infor=
mationj however, this is aot sufficient for OEP's nceds. The most pressing
need is to asscmble what is available into a usable format and to develop a
systematic program f[or the collection of missing information.

3.1.3 [luergy Hesource DaLa Base

Because of Egypt's fossil fuel resources, there is a wealth of infor-
mation regarding available oil, gas, and coal. Not all of it is consistent,
nor is it without any gaps; nevertheless, there is a good basz of information
to draw on. The best sources of data on fossil fuels are the Egyptian General
Fetroleum Corp. and the Egyptian Geological Survey. These organizations have
their own files and data bases for storing information; however, these are not
in a format suitable for OEP's planning neceds. A smaller, more carefully
targeted data base is needed by OEP. Historical and current oil, gas, &nd
coal production rates nced to be included.

In addition to the fossi) fuels, resources of nuclear materials
(uranium and rhorium) need to be cataloged. The Egyptian Genlogical Survey
and the HNuclecar Power Plant Authority have whatever information is avail-
abie. Again, it is not necessarily in the fovmat needed by OEP.

3.1.4 Cnergy Supply System Data Base

The structure and characteristics of tae current energy supply system
in Egypt nceds to be compiled. 7This can bz divided into the fossil fuel
system, the c¢lectric system., and rencwable resources.

For the fossil fuel <cystem, the location and operating parameters
(inciuding costs) of the refineries nced to be compiled. The various pipe-
lines and other means of transporting crude oil and petrcleum preducts nced to
be cataloged. The bhistorical and current refinery throushput and product
slates need to be tabulated.

For natural gas. data on gas processing plants and pipelines need to be
tabulated. Also, historical and current production, shipment, and gas sales
need to be recorded.

Coal, although not in widespread use 12 Egypt, has been utilized. The
characteristics of the mining and coal transportation system need to be
defined.,



The electric system data required by OEP includes the number, type
(hydro, steam, gas turbines, etc.), and performance of the generating units,
the characteristics of the transmission system, and the statistics on
electricity sales by consumer (both historical and current). ALl of this
information is available frem the Ministry of Electvicity, slthough not in'the
format OEP needs. An electricity data base needs to be specially designed for
OEP,

Renewable resources include solar, wind, biomass and any other renew-
able energy form. Many studies have been donc on one or more of these resour-
ces but rthere is no comprehensive and consistent set of information. The data
required includes “he extent of the available resource, periormance of various
technologies, costs, and possible technology deployment scenarios.

3.1.5 Data Base Managemen! System

Each of the preceding four data sets (economic, sectoral energy use,
energy resources, and energy supply system) can be viewed as a file of
information. Of principal intevest to OEP is a data base management system
that will allow vapid access to each file in an easy~-to-use fashion. Also,
the files must be able to be updated with more recent information on a repular
basis.,

Some of these files are large enough to warrant computerization. Other
files may be small enough to be handled manually although computerization
could be employed for convenience.

The computerization will require the choice of a data base management
system (DBMS) thar can handle the different types of files. A relational DBMS
that allows the user to sclectively call out picces of informatijon and to
update the data base casily is clearly the system of choice. Once the LBMS is
chosen, the tour data sets can be structured appropriately.

3.2 KoDELY

There are six sets of models that OEP will need to carry out its energy
planning studies. Recalling that the term "model" is used in its broadest
definition to include computational procedures as well as specific computer

rograms, the six are:

Macroecconemic growth model

Energy denand forecastiag model

Integrated supply/demand bzlance model

Enevgy-sector-specific analysis models

Energy system impacts model

Project-specific evaluation model



3.2,1 JMacroeconomic Growth Hodel

The principal force that drives the demand for energy is economic
growth. The size and srructure of the economy generates a demand for
energy. The role of the energy planner is to determine howv best to meet that
demand.

OEP will neced to have a method for describing the current size and
structure of the economy and for projecting future cconomic growth. This
method wiill alco need to describe social variables such as population, income
distribution, geographical demographics, ete. This method may be a computer
model (or set of computer models), a manual computation scheme, or a combi-
nation of both.

A key issue in the coasideration of the choice of analytical approach
is the methodology used by the Ministry of Planning. This Ministry has the
primary responsibility for conducting economic and sucioeconomic studies in
Egypt. For the basic economic analyses used to formulate energy policy, OEP
should rely on the work of the Ministry of Planning. This will allow for a
consistent sct of assumptions to be used and will avoid duplication of effort.

With this fundamental premise of velying on the Ministry of Planning
for basic economic studies, the economic model(s) selected for OEP must be
chosen to supplement the linistry of Planning's analytical tools. The OEP
economic modei(s) must meet the following criteria:

(a) The model(s) must consider all of the major energy-consuming
secturs of the economy in sufficient detail to allow for an
analysis of energy strategies,

(b) The model{s) must address the medium-term (5-10 year) and long-
term (10-30 year) planning horizon required fcr energy investment
decisions,

(c) The model(s) must be sensitive to the price of energy and the
capital requirements of the energy sector in forecasting economic
growth,

(d) The model(s) must allow for easy evaluation of a number of
economic and social scenarjos that unave an influence on encrgy
demand,

(e) The modcl(s) must utilize Egyptian historical information as a
basis for forecasting and allow an update of the basic parameters

as new data become available,

(f) The model(s) predictions must be able to be validated against
actual information, and

(g) The modal(s) must be usable by OEP staff with in-house capability.
Y y

The alternative approaches that mee! these criteria are discussed in a
later section.



3.2.2 Energy Demand Forecasting Model

The second model (or set of models) needed by OEP is an energy demand
forecasting model. This tool will use the results of the economic analysis
model as input and will generate projections of energy demand as output. This
medel can be viewed as a "translator" that takes projections of economic
growth and "translates' them into corresponding projections of energy demand.

The c¢nergy demand forecasting model deale with all of the energy-
consuming secLors: industry, agriculture, households, transportation, atc.
For cach sector the model utilizes some measure of activity (e.gp. tons of
material produced, vechicle-kilometers traveled), current energy consumption
patterns, and forecasts of growth to project future energy demand. The model
must satis{y the following criteria:

(a) ALl major energy-consuming sectors must be included,

(b) The detail contained in cach sector must allew for consideration
of current energy use (by fuel type), possible future fuel-
switching, ecnerpy conservation opportunities, end sensitivity of
demand to encipgy prices,

(c) The model must be based on sound oconomic principles relating
energy demand to level of economic activity,

(d) The model must be able to be tied to the outputs of the economic
danalysis model. '

It is possible that the energy demind forecasting model may take the form of a
scparate procedure for cach sector and/or a separate procedure for each energy
type (c.p. electricity domand, petroleum demand). In any case, all sectors
and all energy types must be available for OEP.

3.2.3 TIntegrated Supply/besand Hodel

An integrated supply/demanc model is designed to use the results of a
demand forecasi as input and generate the "optimum' energy supply system to
meet that demand. The integrated model is also used as a means of tracing
historical energy flows when it is applied to either the current or earlier
year data.

The integrated supply/demand model traces energy flowv from primary
resource through to delivery to end uscr, It includes 2ll energy supply
systems (foesil fuel, electric, renewable resource) and accounts for all the
demand sectors (e.g. industry, agriculture, houscholds). It does the analyses
for supply syctems and demand sectors simultaneously so that the effects of
changes in one part of the system can be seen as changes in other parts, This
is the reason for the term "integrated."

The model balances enerpgy flows throughout the supply and demand
sectors. It gives a,cemplete accounting of all energy use based on the eco-
nomic projections and the energy demand forecasts.



This type of model 1is especially important to OEP, since there is no
other energy organization in Egypt charged with the responsibility for taking
this type of integrated perspective. This model will be one of the most
important tools for OEP since there 1is no other simi! - analytical procedure
available in Egypt.

The integrated supply/demand model i.ust satisfy the following criterias

(a) It must include &ll eneargy demand sectors and supply system
components,

(b) It must trace energy flows from primary rcsource through to
delivery to end users,

(¢) It must be based on sound economic theory of energy supply and
demaud,

(d) The model must be sensitive to changes in energy price
assumptions,

(e) The model must allow for analysis of a wide variety of scenarios
rejarding demand growth and supply system configuration,

(f) It must utilize historical data on the balance of supply and
demand and be able to be updated easily,

(g) Tts projections must be validated apainst actual performance, and

(h) Its level of disaggregation must be sufficient to allow for
analysis of individual encrgy projects as well as gerieral energy
supply trends.

There are numerous analytical algorithms available for constructing
supply/demand balences. These are discussed later.

3.2.4 TVaergy Supply Sector Specific Models
5) ppl) p

The inteprated cnergy supply/demand models described in the previous
section treat the antire energy system. To do so, they must necsssarily
reduce the level of detazil considered in each individual sector to make the
computational precess manageable. To supplement the results of the integrated
models, a series c¢f sector—-specific models are required. These would treat
only one particular sector (for example, electricity, petroleum, coal) but
would do suv in more detail..

Tt is at this point in the analytical process that OFP must interact
with other Egyptian organizations dealing in each sector. It is not desirable
for OEP to rveproduce the analysis capability and modelinp experience that
exists in other sectors. To do so would Le a duplication of effort and would
present potential conflicts betwecen CEP and other groups. Rather, OEP staff
should develop a familiarity with the analytical prccedares used in these
otnec groups so as to better understand the results that ave generated. This
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familiarity can be gained by using the same models and analytical methods but
at a much less intense level of activity.

In particular, the sector-specific models that need to be exercised by
OEP are: electric sector expansion models, oil and pas reservoir models,
petroleum refining models, gas sector models, coal models, and renewable
resource technology models. Each of these models must meet the following
criteria:

(a) The sector model (or at least one of the sector models) must be
the same as used for planning in that sector (for example, at
least one of the electric sector models nust be the same as the
one uscd by the Ministry of Electricity),

(b) The sector model must trecat the issues in the sector (for example,
capacity expansion, reliability, reservoir depletion) in suf-
ficient detail to allow evaluation of individual projects,

(c) The sector model must be formulated in such a way as to be
theorctically sound and suitable for use in investment decisions,

(d) The sector model should have ¢ reasonable history of application
in other countries (z. in Egypt) so as to have a measure of reli-
ability associated with its results, and

~
(e) The sector models should bJ»Trecognized and accepted by pro-
fessiounals in the sector,

As indicated by thesc criteria, the choice of sector-specific models for OEP

is heavily influenced by what is used in other Egyptian organizations.
3.2.5 FEnerpy Sysien Impacts Models

A{ter the integrated supply/demand models and the sector-specific
models have been excrcised, an analysis of the effects and impacts of the
proposad supply system configuraltion necds to be carrvied out. A medel or set
c¢f models that addresses the following impacts needs to be implemanted:

Capital funds requirements
Opcrating {unds .equxxcments,
¢ Foreign exchange requirements, ,

[+ B

¢ Labor requirements,

¢ Special materiale requirements,
¢ Fnvironmental effects, and

o Socioeconomic effects

Other parameters necessary to the decision-making process may also be
required. the model must be able to take as input the proposed configuration
ef the cnergy supply system that has been developed by the previous studies
and determine the above parameters. The parameters are computed for as many
alternative configurations as are under consideration so as to give decision-
makers the Jb]llLy to compare one apprcach against another. In a sense, the
impacts CVd]Latlul model (s) gcnvxatcs the kind of inforiation most important
to LhE)dcc1410n process,
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It is not likely that any one computer model will be able to provide
all of the above parameters. In general, a set of models combined with manual
computations will be required. The models selected must meet the following
criteria:

)
(a) The models must address the important impact parameters identified
above,

(b) The models must compute the parameters in generally accepted and
theoretically sound approaches,

{c) The models must be able to ba exercised for a number of alternative
scencrios in a convenient and expeditious manner so that the
alternatives may be compared, and

(d) The models must be readily coupled to other analysis routines so as
to provide for case of use. '

Available analytical tools are described later.

3.2.6 Project-Specific Evaluation MHodels

Most of the previous analytical tools have bzen concerned with
evaluating the entire enerpgy system or a major component of it. In addition
to these analyses, OEP will have to carry out studies on individual energy
projects and individual facilities. These types of studies will be most
important when dealing with projects that will require justification for
capital financing. The analysis procedures required for these studies include
computation of cash flow (discounted to present value), return on investment,
payback pericd, and others. OEP will require the ability to carry out these
computations for individual projects as part of its responsibility to make
specific enerpy project recommendations to the Supreme Council on Energy.
Models to be used must meet the following criteriat

(a) The models must be able to compute all of the necessary financi.l
parameters reguived for a project evaluation,

(b) The medels must use techniques that are accepted by international
lending 1institutlons that might be 1involved 1in financing the
projects, and

(c) The models must be casy enough to apply to a large number of
projects with minimum effort.

3.3 ARALYTICAL PRCCEDURES

In addition to the data bases and models to be used, analytical pro-
cedurcs wmust be developed by OEP to assemble, integrate, and utilize the
information. Thece procedures are not as easy to prescribe as the data bases
or the models since they are primarily organizational approaches and are not
items that can be purchased in the marketplace. In effect, OEP must organize
itself to carry out the energy planning worl in an efficient manner. The
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organizationsl structure must recognize the continuing nature of che planning
process and must be established with a view towards the procedures being
carried out on a regular {for example, annual or biennual} basis.

3.3.1 Data Collection Proccedures

As previously indicated, data requirements for OEP's energy planning
are extensive, Also, the data must be assembled {rom a variety of other
Egyptian organizations. A syvtematic procedure must be established to
assemble the data, veview it for missing information and ebvious errors, load
it into the CEP data files, and have it available for use by analysts. The
specific procedures required ave:

Assembly of Data from Other Organizations. Standardized and routine
procedurce for transterring data from other Egyptian organizations to OEP must
be established, These procedures must provide for a routine transfer of
information in a timely fashion and in a readily useable format. The prin-
cipal orpanizations with whom such procedures neced to be established are the
Egyptian ZSenzral  Petroleum Cerporation (EGPC), the Lyptian Electricity
Autherity (EEA), the Egyptian Ceclogical Survey (ICS) cnid the Central Agency
for Public Mobilization and Statistics (CAPMASY), The procedures need to
derine the data to be transferred, the frequency with which it will be pro-
vided to OLP, the format in wvhich iv will be provided, and a mechanism by
which OEP c¢an cobtain clarification and more detailed information where
needed.  These procedures apply to data that are routinely collected by the
other organizations and vo data that are collected by these organizations at
the special request of OEP,

OFl Procescing of Rcceived Data.  Whenever a data set is received by
OEP from anothier orpanitzation, 1t must be reviewed and processed by OEP before
being used. The data must be checked for missing items, must be reviewed to
identify obvious errors, and must be loaded into the OEP data base fiies for
access by analysts. It js important for OEP to escablivh ztandard procedures
for carrying out this data processing funccion ov information that is received
will be lost, will go unverificd, and may fltul_ in the propagation of crrors
into all svbhscquent studies that use the Lnlutmatinn. The implementation of
these procedures requives the efforts of computer data specialists, statis-
ticians, and engincers femiliar with the technical contents of the data sets.

Maintenance and Service of Data Files. In order for the data bases
that as: crested Lo be used, it is important that the information be up to
date and readily accessible by analysts. Procedures must be established to
keep the data fileg current as new information 1s acquired and to provide
sevvices o analysts who necd information but who may rot be familiar with the
computerized data systcms.  OEP needs to establish a procedure whereby an
analyst can reguest a certain sct of information from the OEP files and have
it provided to him in a timely manner.

3.3.2 livlel Installation, Maintenance, and Development

The models that OEP uses will be cbtained {rom different sources and
will require inctallation on OEP computer equipment (if the model is a
computer code) and will require continual maintenance to insure that updates
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to the model ar: made available to OEP analysts. In addition, new models will
have to be developed to meet evolving requivements. As part of its analytical
procedurcs OEP neceds to establish standardized practices in the following
areac:

Acquirc and Instgll New Models. Procedures will need to be developed
thet provide “or the acquisition of new models and the installation of them on
OFP commpucer equipment. In some cases modifications to computer codes will be
necessary. appropriate documentation and user's manuals will nave to be
obtained and made available to CFRP analysts. It is important that this be
done in a cystematic way so as Lo insare that all models are available to all
potential users and the ability to use them will be spread to all OEP staff.

Maintain Existing Models. Existing models will have to be replaced
with updated versions as modifications are made. OEP must arrange for these
updates to be acquired on a regular basis and for the lateust versions to be
made aveilable to all staff on a regular basis.

Develop New Models., On occasion new models and anzlytical tools will

need to be devcloped. As these needs are identified an systematic effort fo

develop the necessary software will be required, Analysts and computer
specialists will need to work together to prepare the necessary codes in a
format chat 15 accessible to all OEP staff. It is important to avoid

situations where only cne person is familiar with a code and it is unavailable
to other staff.

3.3.3 Analysis Techniques

OtP must maintain censistency and high quality in the conduct of each
encrgy analysis. While it is theoretically desirable to develop a standard-
ized way ol conrducting energy studies so that the vesults are of a consistent
high quality, it is practically impossible. FEach analysis will require new
approcches and information and it will not be possible to prescribe a standard
methed of carrying out all studies.,

With this important caveat, it is conceivable that as OEP ccnducts more
analytical work it will be possible to prescribe a set of proceduves that can
be followed for a particular type of analysis. For example, if a national
encrgy demand forvecast becomes an activity that OEP will be carrving out on an
annval basis, then the techniques and data sets used to develop that ferecast
can be standarcdized (within limits)., This will enable the vesvlts of one
year's analysis to be comparcd to results from prior years. It is important
in these situvations to prescribe enough standardization to allow for
consistent comparisons while not, at the same time, over-standardizing the
procedure so as to stifle innovative approaches. At this point 1t 1s not
possible to determine what types of studies OEP will bz carrying out on a
repetitive basis and might be subject to some measure of standardization.
This will ceome o1y after more experience is gained. Nevertheless, 1t is
important . kern in mind that this type of consistent approach needs to be

devcloped at some poiut in the future.
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4. ALTERMATIVES AND RECOMTEDATIONS

The following discussion of alternatives and rcecommnended courses of
action for OEF is uot intended to be a comprehensive review of all alternative
gata bases, models and aznalytical procedures. Such reviews have been carried

out extensively elsewhere. Rather, the discussion is focused on those
alternatives that are vrealistic choices for OEP at this point in itsg
organizational development. The recommendations are based on  Argonne

experiecnce with data bases and models wused in a number of developing
countrics,

Figure 4~1 1is a preliminary network describing the energy system in
Egypt. It is a structure that can be used to organize the data to be
collected and ithe models that need to be applied. (A more detailed network is
included in Appendiz A.) The primary component is the economic growth
analysis (Box 1). This is the portion that requires the economic growth data
and the macroeconomic growth models. Next in sequence are the energy demand
sectors {Poxes 2.1 tc 2.8), These are rthe components that require the
sectoral cnevgy use deta and the energy demand f{orecasting models. Finally,
there is che energy supply system (Boxes 3.1 to 3.7) that uses the energy
resource and cnerpy cupply system data, the integrated supply/demand models,
the cnergy sector specific models, the i1mpects models and the project specific
models.  The follewing sections describe the alternatives and recommendations
for each of these components.

4.1 ESTLDLISEHENT OF TUE DATA BASE

The establishment of the OEP data base, comprised of the four sets of
information previously described (economic parameters, sectoral energy use,
energy resource informaticn, encrgy supply system informacion), 1s a high
priority task. The most pressing need is to assemble available information
intc a fcerm that is readily accessible by all OEP staff. This is a far more
pressing reaquirement than the uced to ypather new primary data (for example,
from surveys). The assembly of existing information and the creation of a
data Lase structure to handle this information will lay the proundwork for
fucure, more zlabovate data-gathering efforrs.

The recomsonded course of action in establishing the data base is
compris.. of the folloving sceps:

¢ Assemble available information,

@ Choose data base management system (DBMS),
Structure, load, and check drta files, and

e Develop uscrs access procedures.

4.1.1 Acsemble Available Ynformation
ANt
there are threec'basic choices for OEP in the development of its data
setst assemble info-msvion from published literature, request special
unpublished infovuation from other agencies, and collect its own primary data
from susvcys.  Thién,primary ¢ phesic at this point is on the first two
methodr. The third will be deferred to a later date.
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Figure 4-1.

Preliminary Energy Supply and Demand Network
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Economic Parvameters (Box 1 of Figure 4-1) For this type of information
there are sufficient data from published sources to allow OEP to construct an
adequate data base. There 1s not any immediate need to request any special
studies or surveys by the Minisitry of Planning and/or CAPMAS to add to the
cconomic information already availsble. The immediate task facing OEP is to
develop a data base structure for economic parameters and to fill in that
structure with existing information. The primary data sets required for the
data base are:

6 GNP - disaggrepated by major sector and subsector,
¢ Population - disaggregated by region and urban area, and
o Personal income - disaggregated by income class.

Other social and economic data can be added at a later time to complete the
data file.

Sectoral Fnerpgy Use (Boxes 2.1 to 2.8 of Figure 4-1. Also see more
detailed network in Appendix A.) For this type of information there ave
sufficient data available from published sources or from available but
unpublisined re-~ords in other agencies. For each sector the information

required includes:

¢ Activity level,

¢ LEnergy consumption by fuel type,

¢ Type and cfficiency of energy-using equipment, and

¢ Distribution of encrgy consumption by useful energy demand category.

Data on energy consumption 1in the major sectors of industry,
households, and transportation are availal:lc¢ from CAPMAS, EGPC, and EEA.
There are varyinpg levels of disapprepgation to subsectors but a sufficient
amount of detail is available for the firsu OE}. data set.

For the comrercial/institutional, tourism and agriculture sectors data
are not as comprehensive but aggrepate totals are available. It is not
necessary at this initial stage to undertake any primary data surveys since
consumption in these scctors is small relative to the other major secctors.

For non-commercial fuel use in rural communities there is generally
very little data. Tne most complete set exists in a study rccently completed
but not yet publizhed by the National Research Council. This was done under
the zuspices of the United Nations Environment Programme. This should be
adequate as a starting point.

Fer the ewport scctor the records of EGPC on petroleum exports should
be more than adeqrate to establish the bistorical pattern of energy exports.

It 1s important that, fecr all sectors, historical data covering at
least the last 20 vears be compiled wherever possible. This will allow for
time series enalyscs of cnergy consumption patterns. It is anticipated that
earlier years way have less detailed data but should still be adequate for
basic computations.

Energy Resource Information (Boxes 3.3 to 3.6 of Figure 4~1 and the

more detailed network of Appendiz A) At this point in time only a limited




17

amount of information on energy resources 13 needed by OEP to satisfy analysis
requirements. Specifically, the data required include:

e 0il, gas, and coal reserves by field,
e Historical producticnr rates, and
¢ Rate of additions Lo reserves.

EGPC and FGS are the best sourczs of this information. Much of these data ave
already published by these orgarizations and there should be little difficulty
in OFP obtzining the required information. For this 1information,
computerization may be a matter of convenience rather than necessity since the
quantity of information is not exceptionally large,

Enerpy Supply System Information (Boxes 3.1 to 3.7 of Figure 4-1 and
the more detailed network of Appendix A) Two documents have already bien
prepared for OLP describing the data needs for the energy supply system. 12
Some of this information has been gathered already by OEP. It has not yet
been structured into a data base format that 1s readily usable by all staff.

4.1.2 Choose DNata Dase Management System

Tha choice of the DBMS depends on cthe type of computer hardware
selected by OEP. At this point two alternatives are under consideration: a
centralized system based on a minicomputer, and a decentralized system based
on a linked set of micrccomputers. If the centralized system is selected,
then the choice of DBMS software will be made by default. (The procurement
rorkage for the centralized system includes data base software as a sgpecific
deliverable.)

If a decentralized system 1s selected, then a wider variety of DBMS
softwarc is availsble. A revicw of microcomputer-based DBMS software by
Argonne staf{l indicates that dBase I11, published by Ashton-Tate, Inc. is the
mos!: appropriate for OEP. Other software packages offer different features
and are, in ccme cases, simpler to learn, but dBase III offers the full DBMS
capability fer the type of needs OEP has.

dBase III has alveady been purchased for OEP and can be used
inmediately on the equipment currently in Caire. This same software can be
used with an expanded decentralized computer system, should this be chosen.

£.1.3 Structure, Load,; aud Check Data Files

With the assembly uf avzilable data aud the selection of the DBMS, the
next step i1s to define the data base formats for the computerized files and to
load and check the files. This effort will establish the structure to be used
for future data collection procedures.

For cach of the four sets of information « data base structure, using
the chosen DBMS software, will have to be developed. The structure may
consist of a scries of files for cach data set. For example, for the economic
perameters one file may contain information on GNP data, another file may
contain population data, and another may contain personal insome data. For
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the sectoral cnergy consumption data set one {ile may contain the industrial
consumplion data, anotiaer the transportation consumption, and another the
household concumption. The format for cach file for each set of information
must be set up using the DBMS chosen. This will provide the necessary
structure to complle the available 1information in a consistent manner.
Procedures for defining the data bLase formats vary with each scftware type.
CEP computer staff must work with the ecconomics and engincering staff to
design these formats., Some cutside assistaoce may be necessary to start the
process.

Once the structure is defined, the available information can be loaded
into the data base and checked for errors, While this 1s a relatively
mechanical operation, it is important that a great deal of cross-checking and
qrality control be exercised. Since the data basc will be used for subsequent
studies it 1s vital that the 1nformation loaded be as accurate as possible.
Procedures in which one person verifies the inputs of ancther must be set up
to minimize the ecvvors inherent iu dealing with a large volume of information.

Although the primary emphasis at this point 1is on developing the
initial data base for OLP to us2, the structure and the loading and checking
procedures will become standardized for future efforts. Care must be taken in
desipgning both the formats and the loading and checking procedures so that
these can be used over and over again in future work.

G.1.64 Develop User fAcceas Procedures

Once the data files have been loaded and checked they must be made
available for all OFP staff{ to use. Since the material will be computerized
there are twe basic ways that information can be made available. First, the
OEP steff who will need the information can be trained in the use of the DBMS
seftwore and can vetrieve any dava they require in the formats they desire.
This 1s a desirable approach iu that it gives the analysts full access to the
Lnformatien in the data base. It has the dicadvantage that some analysts may
not want Lo bocome expert cnough in the computer system to learn the data base
saftwere.

fn alternative approach is to have the OEP computer staff prepare
standardized reports {vom the inlormation in the data base. Hard copy tables
cf the relevant informatien could be made available on a regular basie for use
by the analyste.  For example, a report on encrgy censumptlon by sector could
be prepared on a reypulav basis for use by all. A variation on this 15 that
the analyocs can request special reports be prepared for specialized studies.

Ju is likely that both app-oaches will be nceded to cflectively ut.lize
the data base system. Training should be made available to all analysts on
the usc of the DBMS software. Simultancously, a series of standard reports
that will have the wvidest use should be identified and prepared by the
compuler statf on a Eﬁghlgr basis.
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4.2 DEVLLOPHEENT OF THE KODELIKNG SYSTEM

Table 4.2-1 shows scveral altewvnatives for the development of the OEP
encrgy modeling system. The alternatives for each of the six modeling arcas
desecribed in  Section 3.2 are shown. These alternatives represent
possibilitics for OFP implementation and are not intended to represent a

comprehensive scet of all medels available.

Figure 4.2-1 shows how the models could be implemented by OEP. The
Basic System 1s based on the development of those models that are most
important to OFP's functions and the usc of the most straightforward approach.

The Expanded Svystem is based on developing a comprehensive energy modeling
capebility in OCP and usges the fuli range of modeling appreaches.

4,2.) Hacrocconomic Growth liodels

These models are designed to carry out the economic analysis indicated
in Box 1 of Fipgure 4-1.

For the Basic System the use of assumed growth rates and trend
extrapolation ore the most appropriate techniques. These approaches require
basic assumpticns repavding cconomic growth patterns and the use of standard
statistical analvsis techniques (for example, regression analysis) to develop

forecasts of ecconomic growth, Both of these methods can be implemented
imerdiately by OFP staff economists, who have the necessary training and
experience. wordinavion with the economic projection. made by the Ministry

¢l Planning is required.

The Expanded System would involve the use of a more sophisticated
econaryic modeil such as an input/output model or an econometric model. The
develepront and appliceticn of these models 13 more appropriately done in the
Ministry or Planning.  OFP's involvement in these types of modeling efforts
veald be Lo avalyze special eases Lbhat are beyond the Ministry of Planning's
activities. Thero are two weys this expanded cconomic moduling capability can
be dmplemented. First, arrangements can be made with Ministry of Planning
statt te have cny special cazes needed by OFF carried out at the Mianlstry.
This would veauive Ministry personnel to vork with OEP per<onnel to define the
particular crse and conduct the analysis with Minisury analytical models. The
second alternarive would be for an appropriate version of the Ministry's
models to be made avsilable at QEP where 0¥P stafi could utilize them
directly. In both approaches it is vital that OEP coordinate its economic
analyses vith the Ministry ¢f Planning to avoid inconsistent approaches.

£:2.2 Faerpgy Dewand Fovecasting Hodels

Referring to Figurc 4-1 (Boxes 2.1 to 2.8) and the more detailed
networks of Appendix A, these models are designed to translate the
macrocconomic forecasts developsd above into energy demand forecasts by
sector.
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Alternative Models

Requirenenrs

Comments

Mazrcecononic growih wodel

Reguires little zanalysis. Based cnly ou
assumniion.

uses statistical evaluation of historical
tirme series.

Major data effort. Not appropriate unless
supported by Ministry of Planning.

Major analyticzl effors.
unless supported by HMinistry o

Energy demand foreca"tlng
nodel.

Manual Computation
Elasticity on fuel use
Us2ful energy demand

MAED model

DEM¥AND model

Straightforward to impiement,

Demand model supported by Internatioral
Atomic Energy Agency. Emphasis on
ecttlcity forecasting.

icrOCOﬂ"u*er medel for cnargy demand.
vailable end 198S.

Integrated supply/demand
alance model.

O‘

nual balance

Argonne Integrated Demand
and Erergy Supply (IDES)
model,

Suitable for tase year. Tedlous for
evaluating future years and zlternatives.

Microcomputer model available end 1985.
Mainframe version already avaiiable.

0¢



Tabie 4.2=1 (Continued)

Anzlytical Reguirements

Enetrgy Sector Specific modelc.

Comments
Need te coordiante with EEA.
~Stralghtferward approach for generator
eXpansion.
~Model supported by International Atomie
Ene Agency, In use at EEA, microcomputer

. Ty
cn avallable end 19E&5.
Need to coordinate with EGPC.

Need to coordinate with EGPC.

impacts models

Manual caleunlaticn
of impacts
A v St

ppiy Planning
M),

pLy
M

U)L-

Straightforward. Tedious for many
alternatives.

Computer wmodel developed by Bechtel, Inc.
Data base neecds updating.

Project-specifiic models

Manual calculations

of financi{al parameters

Straightforward. Tedious for many projects.

12
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For the Basic System OEP can use a manual calculation procedure to
forecast energy demand. In i1ts simpliest form this invoives the application of
a specified growth rate (from the macroeconomic analvsis) to current energy
consumption rates. This can be modificed by using elasticity pacameters to
capture chanpis in  energy uge  patterns, The manual approach can be
implemented immediately by OEP ctaff. Several have already carried ouvt this
type of cnerpy demand forecasting as part of a training cxercise at Argonne
and as pert of other work done prior to joininp OEP,

For the LExpanded System two specific computer modcls can be added ro
OEF's cepabilities: the MAED model and the DFMAND model. The MAED (Model of
the Ausalysis of Encrgy Demand) model is a simulatior model of enerpy demand
that i1s supported and made available through the International Atomig Frergy
Agency (1AEA) in Vienna, Austria. 1t 1s documented in several places.”’?  The
primary focus of MAED 1s on electricity demand forecasting although other
fucls arec included 1n an apggregate way. Once of the principal advantages to
MAED 1s that it is supported by the I1AEA and there are repular courses
scheduled for users. MAED 1s relatively straightforvard to implement and has
been uzed 1n several developing countrics with TAEA assistance.

DEMAND is a medel being developed for the U.S. Department of Energy by
Argonne as part of the Encrgy and Nuclear Power Evaluation Program (ENPEP).
It is a microcomputer-based code that deals with all energy forms. It can
conduct enerpy dizmand forceasts using either simple elasticity computztions or
a more detar]sd useful ewcrgy demand procedure.  DEMAND will be available for
distvibution at the end of 19895,

Both MAED and DENAND will give OEP a more convenient way to prepare
energy demand forecasts for @ variety of econowic and other scenarios.

4.2.% Integrataed Suppls/Dentud Balunce lHodels

Refeving to Figure 4-1 and Appendix A, these models are designed to
construct a complete supply/demand balance from basic enerpy resource tnrough
to final energy users.

s shown on Figure 4.2-1 it is being recomnended that OEP begin with a
computerized medel for both the Basic and Expanded System. The primary reason
fer this approach 1e¢ that there 1s now no other organication in Egypt with
cither the mandate or the orvpanizational {ramework (o do this type of
integrated analysis. Integrated energy analyses are one of OEP's main
functions and 1t is Jmporiant to develep the necessary analysis methods as
cuickly as possible.

There ave many analytical models avaiiable to carwry out this type of
effc»rl..b'é’7’é The recommended approach “or the Basic and Expanded System is
a combination of a manual Lalance ana the Integrated Demand and Energy Supply
(IDEY) model. The manual balance relies on a straightforward computation of
energy flows throughout tne cnergy supply and demand system. An energy
networlk 1s usually used to outline the pattern. A preliminary network for
Egypt has alrcady been prepared. OEP staff have already done some manual
baslance calculations using this network and others that they have modified.
The manual balance can be implemented at OEP immediately,
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The IDES model was developed at  Argonne after considerable
experimentation and reviev of other energy planning tools in developing
countries. IL is based on the gencralirzed equilibrium approach and has the
ability to deal with disequilibrium conditions 1in parts of the energy
system., The method has been used and validated in developing countries and
represents the state-of~the-avt in this type of cnergy analysis. A
microcomputer version of IDES 1s being incorporated into the ENPEP system
previously described,

It is recommended that OEP bepin immediately to prepare for the
implementacion of IDES. It can form the basic framework for all other OEP
energy studics. While awaiting the procurcement of the computer system, OEP
staf{ can blegin to develop a comprehensive network that will be used in
IDES. The development of a base jear supply/demand balance on this network
using manval computation techniques can be started even hefore the computer
system 15 available.

4.2.4 Enerpy Scelor-Specific lodels

From Fipure 4-1, these models address the details of specific energy
supply sccters (Boxes 3.2 to 3.6).

For the Basic System the only energy sector-specific models recommended
for OEP inwvolve the electric system (Box 3.2 in Figure 4~1). The screening
curve  approach and  the WASP (Wein Automatic System Planning) model are
recomnended.  The reasons for cmphasizing the electric system are twofold,
Frrst, the clectric system is the single larpest component of the energy
system in  terms of  the fuel requirements and delivered energy. It 1is
smportant  that OLPF be able o understend the procedures f{or evaluating
celectric power production as part of its overall mission. Second, there is a
wealth of expericiie and vtraining avallable for electric system planning that
doos not exist in othey sectors,

The scrcezning cucve approach is a simple means of estimating the type
of electrical genciation capacity that is the most cconomical for new
additiors. Tt can be carried out manuatly vith a minimuem of basic daca. The
VASE model is a widely used planning tool supported by the IATA.  Numerous
developing countrics have vsed 1t to do generation expansion planning. EEA
vees 1t as the basis of its oun generation planning. Courses in YASP are run
by the TAEA on a vepular basis.

It 1s impovtent to emphasize that OBEP will need to work closely with
EEA in the conduct of clectriec power studies. There is a large potential for
duplicated erforts, and inconsistent planning 1f theve 1s not a strong working
relationship between the two orpanizations. The mechanism used to implement
this rel-tionship moy take several forms. OFEP may work out an arrangement
where Bka will run the WASP model on behalf of OLP to carry out special
studies. Alternatively, EEA could assist OEP staff in running their own copy
of WASP to meet special needs. In either case, the OEP staff need to be
familiar with the electric system expansion planning done by EEA and be able
Lo incorporate those results into CEP cstudies.
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For the FExpanded System OEP can add sector models that deal with oil
and pgas production and refinery opcration. The &svailable models in this
sector are gpenerally propriehary pacikages protected by the companies that use
them. Special arrangements will need to be worked out with EGPC concerning
the use of these tools. These are not a high priovity task for OEP and can be
delayed to some future date.,

f.2.5 Inoacts lodels

For the Basic System the impacts of alternative energy system
confipurations (for example, capital cost requirements, foreign exchange
requirements, environmental effects, etc.) can be computed manuially once the
supply/demand balance has been constructed. There is no need o develop a
sophisticated computer medel for the basic effort.

For the Expanded System the Energy Supply Planning Hodel (ESPM’ can be
utilized. This code was developed by Becthel, Inc. and was used in the 1978
cooperaltive encrpy asscessmend with the Department of Encrgy.  The model was
delivered to Fpypt at the cnd of the assessment but was never wvidely used.
ESPM is used to estimate a facility build schedule and to trace the cash flow,
Tabor, and materials needed to build the energy systen. It is an accounting
model  that uses an cextensive data base on energy facility censtruction
requivenents,  This data base weuld need to be updated before OEF used the
modcl .

4.2.6 Project-Specific Models

For the DBasic System project-specific financial enalyses can be done
manually using standard internal rate of return, payback period, and other
parameiaens. Tie computational aspects of these analyses are satraiphc-
forwvard.  One packape already avallable to OEP, the Lotus 1-2-3 spreadsheet
software, has some of these functiens built in and can be used to reduce the
comput ational workload.

For the Expandcd System, a specielly-tailored package that deals with
the unique featuves of the Egyptian enecgy pricing and tax structure needs to
be dewvcloped. GOFP ecconomist staf{ will have to design the package for OQEP
computer staff to develop.
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5« IMPLEFVNTATYON SCHEDULE

Figure 5-1 glves a tentative schedule for the implementation of the
data bases and analytical tools in OFP, The establisbment of the data base
and the development of the basie modeling system can begin fmmediately.
Existing OFP svaff and computer equipment are adequate to initiate these
efforts. Table 5-1 gives a list of eclements needed to compleie the analyiical
requlirements,

For the cstablishment of the data base, & eritical element is the
cholice of the DBMS software. ldeally, the structuring of the data sets would
not  be started until the OEP cowputer hardware (cither the centrallzed
uinicomputer or the decentralized microcomputer network) are in place and the
DBHS  softviare Is Anstalled. Nevertheless 1t is  possible to  begin the
formatting of the data files so that there is no time lost when the software
becomes avallabao. 1t 4s not unreasonable to use the existing dBase I1I
software for some of the smaller data sets to give OEP staff experience 1in
constructing and loading a data base. 1f the decentralized mlcrocomputer
systoem is selected, these files will be useable directly,

With repard to the medeling system, the mianual moerovecononic projection
procedures  ana  energy  demand  forvceasting  procedures can  be initlated
irmediately. OEP stuff have experfence in these activities as a result of
thelr trainlng at AYL. The IDES model can also be Initiated in a relatively
short time period since OEP staff have had some exposure to 1t and ANL can

provide the necessary training and support.

The balance of the system can be implemented at a staggered pace.
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Figure 5~l. Schedule for Twplementation of Analytical Tools at OEP

1983 1985 ¢ 1986 1658 1936 196 ¢ 1907 1951 1967 961
bl { : 10 0 3¢ # : 10 n n Y :

ESTARLISEAERT CF LT DATA BASK . . . : . . . H
Asseeble exisiing infornation . . . : . . . :
............................. L} . .
. Structure Gete fifes . . : . . . :
............................................ ' . .
o Select BENS sofvare . . . : . . . :
.............................. ' . .
. : . Loed end check date . : . . . :
- 4 . N
. : . Cevelop user access procedures ¢ ) . . :
........................... R | .
. : . . . : Pepeat precess with updeted inforsation :
L] : 1] L] L] :. - b ) :
DEYOLCPEERT OF THD w00EL NG SYSTIR . . . : . . . :
BASIC SYSER : . . . : . . . :
bevelop renue! gecrecconcenc ¢ . . . : . . . :
projeciion procegures : . . . : . . . :
.............................. ¢ . .
o Develop exnuel energy . . . : . . ' !
ceoand forecast . . . H . . .
i ' . . : . . .
. Yeplexent hroonne 1BFS codel . . : . ] .
.............................................. e - .
. ¢ bequire and ivplenent 1ALA 1ASP eodel . : . . . :
............................................. L] .
. : . o Develop ganual inpscts : . . . :
. : . « cesputelion proccdure : . . . :
............................. [] .
. : . Jievelop exnuat projoct-esecific . . . :
. : . « conputelicn precedure . . .
e mertanesen—t A nm e me (7
LIPADED SY:}T{H . . . : . . .
M : . . Ve b aDavelop compulerized eeonozit, .
R : . . . ¢ codel widh Hin of Plenuing R :
Y e eeassacecancrana e e ] .
. : . . . thequire RALD & DEMAKD voudels . :
H tone - L] .
. : . . . : . «Acquire other cector- :
. : . . : . . specific codels :
i ’ ":ln L. H . . '
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List of Analytical Elements Required

Element

Items Needed

DATA WASES
Econoiic Par.meters

Sectoral Enerpgy Use

Energy Resource Information

Energy Supply System Data

MODELS

Basic System
Macroccunomic growth
Energy demand forccasting

Integrated supply/
demand balance

Energy sectour specific

Ispacty
Project-specific

Expanded System
Macrocconomic growth

Enerpy demand forecasting

Energy sector specific

Impacts

GNP by sector and subsector

Population by repgion ard urban area
Personal income by class

Activity level

Energy consumption by fuel type and
type and efficiency of energy equipment
Distribution by useful energy category
Reserves by field

Historical production rates

Additions to reserves

Sce References 1 and 2

Assumed growth
Trend extrapolation

Manual) computation

Manual balance
Argonne JDES modetl

Electric system screening
HASP model

Manual computation

Manual computation

Ministry of Planning models

MAED mpdel
DEMAKD model

Rafincry operation
Petrolcum reservoir

ESPM model

Specially tailored model

NSNS g P

e OW . -
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AFPPERDIX A

Preliminary Detailed Energy Supply/Demand Network
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Fiaurc A-2. PTPreliminarvy Fnevpv Supnlv Network

ARAB REPUDLIC OF EGYPT

! H ! ! [} § H
]

PARTLUIMINARY TMEROY BUPPLY KETWORK

. !
/l
(D ~ Y (- - [~
7 R _A;». _r ~3 - ad L-,:_
) e () () ) )
" i-T OROANIZATICON FOR THERGY PLAMM
— ~-7 . Ny L k{ LAYNIMG
B by
l ARGOMHE NAT;OMAL LADCTATORY
Aorll 1684

!
i
P
4
i
!
|

LT o 13 trees r 'i—m

uere

’
-yol -., % IS
o ~— o \vl ) e i bl
ety e —, N arw bisired
R i

L:"i‘ll:‘ :_j —4‘- rer
T L_'._
RN Frsy
(NS e n 2

I at
vy

-y,
e

\rw,m] P T

grert
0Ty

e

LY
®suvxiany

Lol H
Azww ane i

¢ iy 3 o oy
ater Sanatn ront e
exxang < - -

S 1) N Bt~y amxietp R
— ~— Rl —

. ¢ ' | !
' [ay v T H i T i L i ¥
H o™ (8474 Lois S 44 awre w M"edy ney ihm LALYY (7% myitag
LY L L adasl oty ut Tt o on e




32

REPERERCES

). Egyvtian Tossil Fuel System Data Required for a National Fnergy Analysis,

Argonnc Hational Laboralory. (April 19€4)

2. Epyptran Flectric Svstem Dara Reguired for a HNational Fnerpy Analvsis.

Argonne NationaleAb)xdlorv (Aor‘l leq)

3. Expansion l}.pnjv for FElectrical Generating Systems, A Guidebook.
Technical Reporis Series No. 241. International Atomic Energy Apency. Vienna,

Austria. (19g4)

4. Model for the Anx‘le, of Energy D Demand, User's Manual. Section of Economic

Studlcd, Division of Nuclcar Powqr, International Atomic Energy Agency.
Vienna, Austria. (1983)

5. [Enerpy ard  the Kconomy. Enerpy Modeling Forum, Stanford University.,

JRESEEAL D ST e e o o — AL

Stanford, California, USA. (Seprember 1977)

6. Beaujecan, J. M. and J.P. Charpentier. A Review of Enerpy Models.
International Institute ol Applied Systems Analysis. Laxenburp, Austria. (July
1978)

7. keview of Large- foale Fnergy Models. EPRI FA9G8, Projcct 333-1. Electric

- e et -

Power Research Institite. Palo Allo, California, USA. (January 1Y79)

8. Combined Fnceey Models. FEPRI EAJA420, Project 1016-2. Electric Power

Rescavch Institate. Palo Aito, Cal! . ornia, USA. (May 1980)



