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PREFACE

APlanning for én adequate supply of energy has always been an
important component of national planning in Egypt. The dramatic
fluctuation of oil prices and the changes in the future energy
supply and demand pattgrn call for a comprehensive approach to
energy planning, with special emphasis on the medium and long term.
Medium and'long-term energy planning require a review of the past
and present trends to enable decision makers to evaluate future
development of snergy demand and the possibilities of fulfilling
that demand in various ways, . Integrated energy planning centers
on the identification of future targets and the procedure of how
these targets can be achieved given the premises of consiétency
and balance among  the elemanté of energy supply-demand, as well

as, economy and socio=-acunomy.

.It 15 neceénary.‘and réthar essential, for Egypt to have a
clear view:of its energy policy options. Integrated energy
planning has, thus; become a matter of urgencye. The Institute
of National Planning, thersfore, wished to respond to this real
_ need by‘sponsoring during 1985/1988 the programme of research-

work on ,Integrated Methodology for Energy Planning in Egypt”.
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| Thevmain objectivé of this study is to present a conceptual
framework for integrated energy analysis and making policy deci-
sions in Egypt. This study gives a detailsd guide to the metho-
: dolbgy for collecting data on the country's energy system as
such, hamély the establishment of the national energy balance. In

'addition._it emphasizes thé'display'of-factors that describe the-

a energy system in relation to its environment, both in terms of

" the economy and socio-economy. It defines in more detail andv
Jformulafes in a“gompraﬁensive and dynamic manner the intérre-

" lation ambhg these pabamaters using different analytical instru-
ments (socio-econcmic>1ndicators, techno-sconomic methods,
forecasting techniques voo 8tc). Another basic characteristic
which‘was aimed to obtain for this methodology is that it can be
applicable at various levels of geographical aggregation., In
other words, such a methodoiogy would be equaily suitable for

- application tp disaggregated areas within the country (e.g.
rural and urban aréas],.as wall as for tﬁe‘ﬁational economy of
Egypt or a group of countries within the same region (e.g. Arab
countries or Nerth African_countries]; Therefore, the proposed
méthodology attempts.to identify the analytical approach and the
tools to be‘usad. disregafding the development scenarios which
- might be eventually cpnsidared as a particular case study. With
.this in mind, the approach adopted is one of simplicity and clarity,

with prefersntial treatment being given to the practical aspects.
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The main emphasis of this study is to:

i) identify the conceptual fremework for integrated esnergy planning

and analysis;

i1) define the data requirements for integrated energy planning and

policy analysis, and recommend possible procedures for the pro-

curement of these data,

1ii) 1identify the methodological approach to constructing national

energy balance for Egypt;

1v] review the quantitative methods for energy forecasting and discuss

briefly the areas of possible application;

v]) formulate techrno-economic approach to sectoral energy demand

analysis;

vi) discuss the unresolvec issues on energy planning in Egypt and

identify the areas of possible future development,

Finally it must to stressed that, the integrated methodology for
energy planning in Egybt is not an end in itself, rather it is justi-
fiable as a tool for the purposes of effective energy analysis and

‘making policy decisions.
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| Thié study has been undertaken in the‘frémework Qf the Institute -
of Planning research Prbgram. I wishto record our sense of éppreci- -
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CHAPTER 1

ME THODDLOGICAL CONSIDERATIONS FOR ENERGY
ANALYSIS AND PLANNING

1.1 Interlinkages Betwesn Energy, Eccnomy,. Technaology and Society
As a result of the significant evolutions of crude oil prices in
1873 and later 1979, a much more pracise analysié of the energy sector
is required in order to understand the driving forces of energy consumption,
the impact on the energy supply and the multi-facetted interrelation of

energy with the economy and the socio-economy.

The interfaces cof the energy sector with other sectors of the economy
are numerous. Energy consumption is ultimately determined by a multitude
of influential factoré, among which the economic development and the evo-

- lution of price aré significant ﬁarameters. Other groups of exogenous
parameters are the population, tﬁe availability cf resources (cepital, man-

power, energy, etc.), the social development, technical knowledge and

know-how, structural changes in productive sectors, etc.

Eﬁergy demand for a specific end use is very much related to levels of
economic activity ih that end-use sector. This, in turn, 1is closely
related to levels and rates of growth of activity in the whole economy.

In addition to such linkages from tﬁe economy to the energy sector, there
are also feedbacks from energy tc the economy, which should be recognized

in a fully integrated energy analysis framework. Fig. (1) illustrates such

‘an + intersectoral relationship.
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It is noticeable that the interrelationships betwsen the energy
system ahd all sectors of the national economy makes it virtually impo-

ssible to try to study the energy system in isolation.

Technology also, of course, contributes directly to a determination of
fuel market shares by delimiting the extent of interfuel competition that
is possible in any market at any time. It is clear that elsctricity has vi-
ftually insignificant role to play in road transport ih Egyrt with present
state of the used technology. However, it is less clear that this will corti-
nue to be true over the rext decades (e.g. thke subway in Cairo & electrifica-
tion of railwaysk Just as charges in technology impinge on energy dgmand pro-

jections by increasing the range of uses for a particular sourcs.

Technological progress may also serve to extend the number of sources
available for a particular use, both through the development of new sources
and the design of appropriate delivery or conversion systems for existing
sources. In addition, the energy intensity of the range of goods and

services demanded and produced is a function of the state of technology

as it is reflected in production processes.

These types of interconnections between energy, sconaomy, technology
and social systems should be taken into account in the process of establ-
ishing data base and carrying out energy analyses. Fig (2) 4illustrates

the interrelationships between long-term socio-economic development and
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the energy demand development. 1In this raspect, it is noteworthy to men-
tion that energy is never an end in itself. It is always one element in
the overall situation.  In most energy decisions, there will be a trade-

off between energy and other elements. -

1,2 Delimitation of Energy System

-AThe energy system encompasses a wide span of diversities, including the
multiéa;etted occurrencs ﬁf enérgy forms, the different discovery techni-
_qués for intensive harvesting, the complexity of the consumption system and
the spesed of the adoption for use of the different fuel types within the
system, - As these factors afe o% equal importance for the energy system,

owing to their multitude they héve to be carefully considered for the

system under study.

Figo‘(3i iilugtrates,the flow of energy‘from the point of extraction
until the usage by the potential consumer. Enafgy is mostly not usable in
its forms“of occcurrance. It passes through one or several transformation
sectors uﬁtil it is made évailable in usable fcrms for the consumer. The
‘tenn "consumption” éhﬁuld not be interpreted as an -anronymous single
'nafionwide energy—deﬁouring unit, but as the specific energy and fuel
type that is consumed‘by defined groups of individuals in sectors of the

economy: industry, transportation, agriculture, households and services.
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: Although energy‘analysis can be performed under different perspectives
gnd foridifferent purposes, it is.primarily for Egypt at the national level
that enérgy supply and consumption studies and their relationship to the
aconcmy and the sqciety become essential as bases for socio-economic plann=
ing purposes. Of course, the greater the oisaggregation that can be
~ achieved and the'better that their interdependency can be displayed, the

more valuable the information is for the planning procedure.

Fig. (4) displays the general scheme of the sectoral energy consumpt-~
ion and supply equilibrium with its main sources of fuel supply. This

simple structurs conceals the wide~stretbhed net of interactions and depen-

dancies among the different parameters and elements of both sides.

| As indicated in Fig. (3), each energy source is subject to transfor-
mations in order to be suitable for its defined purpose that is to render

 finally a certain energy service.

To visualize in ohe example the detsiled interface of sources of
energy supply and patterns of energy-use, the household sector has been
_ chosen arbitrarily. Presenting the appliances being used in the residential

purposes, the connection between energy supply and consumption can be

presented intelligibly in Fig. (5).
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Patterns of Energy
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1.3 Conceptual Fremework for Integrated Energy Planning,

Planning 1is deéiding on a desired future and establishing the ways
" and means to obfain it. Knowledge about the present situation and the
historical evolution is essential to the planning process, since it
constitutes the basis for analysis. As pointed out, energy is an impo-
rtant component of the economic activities and therefore energy planning

has to be part of the overall socio-economic plannihga

The traditionallappfoadh to energy planning basically consisted of .
a global ang sectoral.anélysis of the past and future trends in energy
- demand and aftempted to design a series of major investhent projects
: that éupposedly oﬁtimizéd energy supply. Aprogramme of«financing basad

"~ on domestic and international resources was sometimes included.

':Virtually previous studias emphasizéd the relationship between

"totéi consuhption of primary energy énd economic development represented

" by gross dﬁmestic product trends. 'It was argyed that there is é close
reiationship between the two variables, il]ustrated-by the classic expon-
ential model of constant product elasticity. During the.15605 and 1870s,
'an attempt was made to explain variations in elasticity by linking them
’Ato different stages in the development process. Later, time and éocio—
econcmic indicators were introduced in. the model by French and Argentinian

planners as explanatory variables (9).
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Once total demand for primary energy and electricity was determined
and broken down by sectors, a series of investment program was proposed
for each of the main commercial soufces, based on the implementation of
specific large~-scale projects designed to exploit identified local res-
ources. The reéulting gap between demand and supply was covered by imports
(hainly cfude 01l and refined petroleum products) from the world market,
which was regarded as an almosf limitless sources. A typiczl example of
this kind of planning in developing countries car be seen in the succession

of plqns prepared in Egypt and India,

The main criticism that can be made of this approaéh tc energy plann-
ing is that it is too aggregated to establish relationships between varila-
bles that were not really representative of the‘two phenomena that wers
being analyzed: energy requirements and econcmic development. On the
one hand, the variable representing energy requirements‘excluded non-
commercial energy sources, gnd referred to gross primary energy rather
than useful energy, that is, enargy actually used in the form of heat,
mechanical work and light by the final enc-use. Uﬁ the other hand, gross
domestic product was used as the only, or ,main indicator of ecoﬁomic
‘development,_whiph is inappropriate, especially when applied to developing
countries.Such én appfoach also disregarded analyses of(the structure and
level of demand, as well as the impact of Prices on demand. While this
approach was more or less acceptable in times of price stability, it heas
clearly ceased to bé valid in the circumstances that have been characterized

~ the world energy market since the mid-1970s,
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On the question of supply, independent analyses were made for each
energy source. Thése’left little‘room for considering fhel substitution
as a'p0551ble option. This kind of pianning also<frequent1y overlooked
factors .relating to:the fipancial resources, in local ana foreign curr-
‘ency, and.the human resources needed to implement all the envisaged

| projects.

Tn sum up, cnrrent nlanning system$ are essentially technocratic in
nafure;? Théy are dominated by a set nf energy models that were developed
by éngineers and sconomists connected with modern, centralized energyAsupply
systems'and do not'enab;e proper account to be taken of the needs and intere-
. sts af the‘final users, either in productive activities or in antivities

connected with the livelihood and comfort of people.

To proposebnnqapnropriate apprcach to energy planning, it is important
; fo take~the,foliowing into account: the socio-economic characteristice of
the country(especiallg the rural-urban dichotomy), the availability of
sociq~econcmicAénd enefgy data; all the energy sources used by the system,
- commercial or non-commercial; the contribution of nonrenewable'sources of
QiﬂéneTng‘tnévsnecifinrécological and climatic conditipns o? theicountry.

thé socin-culturél‘fécfors‘of energy Qupply and demand;vand>energy needs,
not juét demand,fexnresséd in terms of useful energy rather than net or

éross energy.
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Integratedﬁénergy planning must start from an understanding of na-
tionel gdals. VIt must take into account the political, social and finan-
cial constraints underr which the country must function. Integrated
energy planning can provide the means to carry out a systematic evaluation
of the country'sisnérgy-related policy alternatives and relate them to
_the performance of the economy. The energy planner’s objective is to
”éecure a least-cost option to satisfy future energy needs. In addition, it
it is necessary to éonsidef broader objectives including such aspects as
the trade balaﬁce (exports and imports), development of industry intensively
associated with the energy sector, research and developmeht, technological

progress, manpower, etc.

The major components of integrated energy planning process include:

- the assessment of available energy resources and the rates at which

they can be developed;

- _the examination of the improved technologies that can be employed in

the snergy supply cycle, ffom extraction to end-use:

- the identification of energy demand, for all energy resources and

products, consistent with projected rates of economic growth;

- the balancing of energy supplies with demand;

- the evaluation'of the economic, social and environmental impacts of

energy development alternatives; and



- an action plan, a series of actions and programs, which must be form-

. ulated to meet energy requirements for a specified period in the future,

This integrated analytical approach to energy pianning provides
decision-makers with a broad base of information that can help them de-
fine and evaluate policy options for allocating energy resources in line

with overall economic 6bjectivasu

In this respect, 1t is perhaps useful to distinguish three categories
of planning:

- short-term, corresponding to specific projects;
- medium-term, corresponding to development programmes; and

- long—- term pertainihg to policy guidelines and strafsgiesa

For these three categories, the uncertainties grow with the range
ons want to cover, Short-temm energy planning, for instance, incorporates
cerfain demand uncertainties but practically nc supply uncertainties.

‘ Whereés long-range planning concerned with uncertainties in both demand

and supply.

Fig. (6) 41llustrates the general structure of integrated energy
‘planring. It shows the disaggregation of energy supply and demand cate-
gories. It covers the various forms of energy sources fcoal, oil,

natural gas, nuclear energy, electricity, renewable sources of energy, etc.)
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and the final energy use categories (industry, transport, agriculture,
residential; public utilities and other services) up to.the useful
energy used by various devices and equipments. In addition, Fig. (6)
shows fhat energy sector development and planning are also closely

tied to the overall national policies and development goals.

1.4 Analytical Approach to Integrated Energy Planning and Its Major
Elements . -
Tablé,(l) and Fig. (7) show the major areas for energy analyses,

their objectives, the type of personnel existing (or must exist) in the
energy planning community, and the typical organizations that might be

involved,

1.4,1 Demand analysis

The analysis of energy demand can be carried out at two levels, as
indicated in Table (1), The development analysié focuses on the overall
growth and development plans of the country, while the se¢tora1 demand
analysis deals with the details qf the energy consumption pattern iﬁ.the

major energy-using sectors.

1) Development anaiysis

The principal objective of development analysis is to prepare 8
representative set of national economic growth and development scenarios,

These scenarios are formulated to describe the alternative targets that
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the country might achieve in the course of its growth given certain assu-

mptions. Because of the uncertainties inherent'in fdrecasting, the pro-

~ Jections are interpreted as a set of alternative scenarios that are inten-

ded to braket the future, rather than predictions of more specific future

events, In this respect, the set of assumptions that are used to develop

the scenerios must be clsesarly defined.

An example of possible alternative scenarios is presented below:

Development Scenarios:

High economic growth rafe,

Moderate economic growfh réte.

Business as usual (historical trend).
Emphasis on agriculture and land reclamation
Emphasis on industry.

Emphasis on infraatructurea'

Ehergy System Scenarios:

System as usual (historical development).

~ Emphasis on cqal.

Emphasis on renewables.
Diversified supply system,
Emphasis on nuclear energy:

Intensive electrification.

(food security).
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"~ In addition to fﬁrmulatinglthe development acenafios, the development
data task muﬁt alad proVidé inéight into other éépects of the general sco-
nbmic bicture. Assembly of data on historical energy use patterns, econo-
mic and social factors affecting enefgy cdnsuﬁptibn, demographic characté*
'ristics. labour availability, and‘financiai resources 1s also included in

this task area.

2) Sectoral demandiénéiysis'

The principal objective of this analysis is to identify dpportunities
for changing the energy use patte;ns in the major sectors; industry, tran-
sport, agriculture, reaidential,commercial,'public utiiities and other
services. These changes can have'significant imbact on the energy require-
ments of the country and include actions such as reducing total snergy demand
through improved efficiency, fuel Bﬁitching, substituting industrial processes
which are less energy intensive, and others. These ehargy demand modifying
actions can become part of an overall country plan to meest grbwth and dsvel-

opment objectives.

Invorder to carry out this analysis, the energy demand‘should be exp-
ressed in terms of "end-use energy” rather than fuel type. Table (2) shows
the kinds of end-use categories used. By expressing demand in this format
it is possible to identify ophortunitiea for fuel substitution. The integ- .
rated analysis wlll evaluate the alternatives on the basis of overall cost

competitiveness, among ofher factors.



Table (2): End-Use Energy Demand Categories

il A

Sector End-use Demand Category Additional Disaggregations
Industry Direct Heat By Industrial Sub=sectors
High Temperaturs Steel & Iron Industries S
Medium Temperature Cemant Industries
Low Temperaturs Chemical Industries
Textile Industries
Indirect Heat Food Industries '
High Temperature
Medium Temperature By Enterprise, by
Low Temperature
Technology/process
Electro-Mechanical
Feedstocks
Transportation Auto 1 By Passenger/Freight,
Bus
Truck By Technology
Railway
Alrcraft
Waterway
Agriculture Machinery (Tractors, Combines, etc.) By major crop

Irrigation

Residential/Commercial

Heat (Electric appliances, Space heating, Hot
water, Cooking, etc.)

Lighting
Electro-Mechanical

By Urban/Rural Areas

By Commercial/Non-commercial
By Household
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In addition to identifying means of changing energy use, this task
provides more detail to the very aggregated scenarios of the development

analysis,

1.4,2 Supply analysis

The supply analysis is carried out in four aresas, as indicated in
Table (1). This division reflects the different aspaects, of the energy

supply system,

1) Energy resources evéluation
Résburce evaluation addresses the aVailability of energy resources
in the country, The resource evaluation includes fossil fuelsbtcoal, oll,
natural gas, etc.), nuclear materials (uranium, thorium) and hydro-qlectric

potential,

For the fossil fuels and nuclear materials, the intent is to estimate
reseérves and to identify possible constraints to the exploitation of
those rsserves. These evaluations will determine what‘the practical 1imits

are on the use of indigenous resources.

2) Fosgii fuel evaluation
The primary objective of this evaluation is to review the means
by which fossil fuels are currently used and to identify alternative ways
that may be used in the future. This activity provides the information
necessary to determine the most cost-effective way in which fossil fusels

can be used to meet end-use snergy demand,



Data are to be collected on the existiﬁg fossil fuel supply system
(e.g. 011 and gas wells, coal mines, refineries, fuel processing plants,
pipelines, etc.) in temms of availability, costs, technical performancs
parameters, and prices for ths various fuels, Plans for the expansion of
the fossil fuel system are reviewed, and the set of alternative fossil

fuel supply system configurations that might be considered are identified.

The purpose of this evaluation is not to project fossil fuel demand,
which will be done when the supply system is matched to the demand requir-
ements in the integrated anaiysis. Rather, this review establishes the
bounds and constraints unﬁar which the fossil fuel supply system must oper-
ate. For axample, 1t will identify maximum pésaible coal production from S
given mine or the maximum petroleum product outputs from the .country's

refineries.

The details of hew much of thess maximum amounts will actually be

required will be determind in supply/dsmand balance.

3. Renewable resource evaluation.

The evaluation of renewable energy resources (solar, wind, LbingSS.
hydro-electric, geothermal, etc.) includes not only the estimation of
the resource base potential, technology applicetions, and system capital’
and operating costs, but also the examination of factors that may hinder -~
or enhance the implementation of the technology. The types of tschnoiogies

considered are shown in Table (3).
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Tabls (3): Renswable Resource Fvaluation Parameters

Technology

. Resource Base
. Definitions

Typical Potential
Applications

Direct Solar
Thermal
Photovoltaic

Wind
Biomass

Geothermal

Hydroelectric

& Mini~-hydro

Solar Ihaolation

Winlee;oqity
Profile

Crop Residdes
Animal Wastes
Urban Wasteé

Temperature Profile

Flow Rates

Hydraulic Head

Water Heating:

Space Conditioning

"Electricity Generation

Electricity Generation

Motive Power

Gas Generation and
Combustion

Direct Combustion
Space Heating

Process Heating
Electricity Generation
Electricity Genération

Motive Power
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The psnetration of these renswable technolﬁgias into the market is
based on a comparison of their costs to conventional systems and on pol-
icies that may be adopted to accelarate this penetration. This part of

the analysis establishes the limits to which the technologies can be

employed.

4, Electric sectbr evaluation

This area of analysis encompasées a review of the existing electrical
system (1nc1udinglalectric generation, transmission and distribution) and
an evaluation of future alactricAsystem expansion, Thse eiectric sector
avaluation inciudee all ﬁypea'of generation plants (steam, diesel, hydro-

: glectric)and reviews both 1ntarcpnnected and isolated systems.

The matching of supply and -demand 1n the integrated analysis may result
in different electrical requirements under various scenarios. The country’s
electric power system plan is used as the starting point, and modifications

to that plan that would be needed to mest the alternative future scenarilos

_can be dsveloped.

1.4.3 Integrated analysis

Integrated analysis puts all of the data collected and analysed an
energy dsmand and supply sides into a consistent framework to provide
means for evaluating alternative energy strategies on a consistent basis.

In general the supply/demand balances is set-up first, and then the impact

assessment is carried out to evaluate the alternative stratggies.
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1) Energy supply/demand balance
Energy: supply/demand balance is the assembling of information:

from the data base into the framswork prescribed by the computational pro=
cedures chosen, This can be done in a matrix form as in ,Energy Balance
Sheet”, or in a network formulation, as known in the »Reference Energy
System (RES)"”, A national energy balance is a supply/demand account that
shows for a given time period and for a given territorial area the origins
and uses of all energy sources or‘fuels, all expressed in‘a single account-

ing unit., The basic logic of»auch a balance may be set out in a number of

different ways, but one of the most common is as follows.

Energy Production -4+ Imports - Exports 3+ Stock Changes =~

Transformation Inputs = Final Energy Use,

The national energy balances are discuaéed in more detail in chapter III.

2) Impact analysis
A set of impacts of the energy system on the sconomy can be inferred
from the construction of the supply/demand balance. This includes the need
to invest capital in-tha congtruction pf enargy facilities, the need to -
expend operating funds for the import of energy resources and technologies,
the need for various categorias of manpower to build and operate the energy
system, the resulting price of energy to the other sectors of the sconomy,

and the effects of these price changes. The national energy balance must

 be evaluated in light of thesé impacts to’provide the planners with the

necessary information for decision = making.
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In addition, the emphasis in impact analysis is on establishing what
the current environmentai conditions are and on determining where serious :
environmental impacts could occur from energy system development. The
importance of environmental and social factors in national development pla-
nning and project appralsal are increasingly appreclated and ars, of
course, equally relevant in energy planning. Competent technical informa-
tion and data are required for useful analysis, This area of analysis
gained vital importance in Egyptlin recent years owing to the possibility
of introducing nuclear power plants to the electric power system in 1985
and later on and due to the emphasis on importéd ;oal for electricity

. gsneration in ths forthcoming years till ysar 2000,



CHAPTER TII

DATA BASE FOR INTEGRATED ENERGY
ANALYSIS AND PLANNING

2.1 Reflactions on the Role of Energy Data Base in Energy Planning

All planbing depends on adequate and relevant information, but in-
formation is not an end in itself; Planning and statistics are factors
conditioﬁing each other. The coi;écéion of data must be based on a clear
perception of the energy dsciaions and issues to be addressed. Thers is
a large range in cnmpiexity and time period s. For example, emergency
planning, financial resource allocation and pricing‘require essentially
, CUrrent.informétion, long~range national planning requires a perspective

of at least 20 years,

Two stages of energy analysis, and consequently two phases of energy
data collection and treatment, can be distihguished in many developing
countries (including Egypt). During the first stage, much attention must
be given to assembling basic energy éupply-demand balances on readily
available data. The second stage of energy analysis entails a morse
ambitious level of energy data collection that require greater commitments
of scarce manpowsr and funds and more -careful desigh of programs. So do
refinement in planning techniques call for improved statistical support.
The enlargement of the data base enables more detailed analysis of plann-—
ing aspsects, Dapanding on the scope and objective of the planning process,

1.6, energy'projeot or objact orientad (single energy form), sectoral or



national planning, the relevant statistics of energy and related subjects

have to be placed accordingly,

Although energy analysis can be done under differsnt psrspectives
and for different purposes, it is at the national level that energy supply
and demand studies for Egypt and the relationships to the economy and the
society became essential as basic for planning purposes. A fundamental
requirement for integrated energy planning in Egypt is to develop a data
base which enables energy use to be related to all various activities in

the national economy.

An appropriate ensrgy data base serves benefitial for any country in
performing the task of satisfaétory ensrgy planning., But, as the poten-
tial inherent in an unsuitable.inforﬁation structure could cause ﬁagafive

biaeed.orientations in planning, The manpower attributed to the provision
of information should collect data in a consistent, systematic and dynamic

manner.

It is beyond question that apart of comprehensiveness, the internal
consistency and comparability are pre-conditions for energy data base.
Thus, the generai system of basic energy statistics haé' to inciude elements
such as the frameswork of cléssifications and appropriate methodologiss,
as well as the definition of the interfaces between the energy sector and

other sectors~for which plans and policies have to be integrated with

enargy poliéy..



z.é Scope_and Requisites of Energy Data
In order to make availabie a basic set of data concerning energy

processes and activities, the following types of statistics are essenéial
on a regular basis. Economic, socio-aconomic and financial information
is a necessary complement to ensrgy data for planning purposes; Although
this typs of infonhation is not always regarded as energy data, decisions
are based on costs and on the econemic and social impacts and without them
planning is not ﬁsefulo It is evident that snergy data encompass a wide
fange of parameters. No attempt shall be made to present an exhaustive
list, only basic data requiraménts shéll be mentioned, particularly

those neaded for effective policy making and planning.

All data, available and required, determined to be necessary for
‘integrated snergy planning are sslectively grouped into the following
six major categories: .

1, Energy resource datat

This category should include exploration data on all existing
‘domestic energy resources in terms of geological, geographic distribution
and econqmic feasibility informétion.
; Types, extent and feasible rate of production of domestic energy res;

ources, mainly -~ » "~ ¥ s oo

fossil fuels (onshore and offshore),
nuclear anargy.

renawable snergy sources (hydtoalactric. golar, wind, biomass)



Data concerned with fossil fuels must distinguish betwsen Kknown”

: q
or "proven” and "inferred” or interpolated” categories.

- Price thresholds for domestic resource development and production,
compared with current supply alternatives, in terms of both techn-

nlogical costs and economic costs and benefits.

1

- 'Expected ?pture costé'fof féneﬁable energy resources.

2, Ensergy supply data

This category is concerned with data on primary energy productions
foreign trade and energy converted or transformed in themmal power stations,
~0il refineries, NGL plants, gas worka, coke ovens, blast furnaces plants,

etc. It also includes snergy-related technology and cost data.

i~ Primary production data
-~ Rates and costs of production of primary energy commodities.

- Stock changes at producsrs? facilities, by fuel type,

ii~ Trade data

-~ Quantity and value of imported primary and secondary energy

commodities.

- Quantity and value of exported primary and secondary snergy
coemmodities.

- Stock changes at importers and exporters, by fuel type.

~ Quantity and value-of marine and 1ntarnatiqna1'air bunkers,

by fuel type.
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iii- Data on energy converted or transformed:
- Gensration of electric snergy in power stations.
= Production of petroleum products, by fuel type, in oil refineries
and NGL plants.
- Output of solid and gaseousproducts (by fuel type) in gas works,

coke ovens, blast furnaces.

iv- Energy - related technology and cost data
This is a vast and complex area covering a set of technical and
econamic facfors which influence the structure of the energy system

and its supply patterné.

On the technical side this refers primarily to characteristics. of
the transformation and extraction sectors.
a, Technical energy~related parameters
Extraction: Primary, secondary or terfiary recovery techniqueso
Refineries: capacify. structure, conversion efficiency, self energy
consumption and lossés, facilitieg lifetimes, expected
retirements of éxisting facilities, transportation and
distribution losses, non-energy uses of refined products

8080 asphalt and sulphur,.

Electric power stations: ~installed and available capacity, }load and
capacity factors, availability,utilization factor, conv-’
ersion efficiency, self esnergy conaumptiun.and lossses,
apecific fuel conaumption,lifetimes, expected retirements

of existing facilities, transmission and distribution losses.



bo Economic ensrgy-related parameters

Retail price structure.

-~ Posted prices .

Electricity tariffs .

Subsidies

Investment (capital) costs and annual opsrating costs of transformation

centers, both local and ?oraiﬁn currency components.

Materials and equipment requirements and local availability,

Labour requirements and local availability,

3. Energy demand data

- Two-categories of information are nesded. The first refers to
current energy-using activities and the fuel consumed by these activities,
The second concerns projections based on future activities and related

energy demand. Energy demand information is concerned with data on:

!

Total energy use.

- Total commercial and non-cemmercial energy use.

- Total commercial energy use by major sectors (industry, transport, agri-
culturse, reaidentiei, commercial end_other servicas).

- Fuel breakdown by major consumer groups (subsectors, e.g. aluminium -
plant, steel mills, fertilizer plants, cemsnt manufacturing, etc.)

- Sectoral snergy use parameters; e.g. peak demand, load factor, power

factor, loss of supply, percent night use (status during daily peak load).



Forscasts and projections are based largely on historical data, but

supplementary economic data and regionalized information ars also needed.

Data requirements for key sectors on enargy demand ere classified in

more detail in section 2.3 .

4, Financial data.

- Market prices for domestic, imported and exported energy resources
(current and expected futurs b;iceslo

- Financing sources and repayment terms.

- Discount rates for present worth value computations.

- Cost escalation of energyfFacilities, '

- Inflation rateéw

- Currency exchange rates.

- Opéfating ekpenaes-

- Interest expénses.

- Gross revenus:

- Nat operating inccme-

~ Fixed and currsnt éséests. investments, long=-term debts.

. Econanic data.
- Tariff Schedules.
- Consumer price index = rural and urban.
- whole~sale prics index.

- Gross Domsetic Product (GDP) at current prices, GOP deflated value

by kind of economic activity,
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- Gross national product (GNP),

- Expenditures of GNP (GDP).

- Gross capital formation by type of goods,

- Energy cost to the economy -or énergy revenuss.

- Trade balance and balance of payments.

- Industrial production index or value addsd by major industries.

~ Econemic indicators: .opportunity cost of capital, opportunity cost

of labor, shadow prices of foreign currency, official exchange rates.

6. Socio-economic data

The term "socio-econdmy" comprises all those lifestyle and bsha ~
viouz parameters of a country that ars measurable and directly to energy
linkable. This category is concerned with demographic data and enéompasses
a broad spectrum of parameters, The differant behavioup pattern of indi-
viduals or groups in Egypt differ remarkably, depsncing on location, access

to facilities, habitation, etce

However, the minimal data requirements for the economic system with
regard to energy consist of:
- Total population and households.
- Urban and rural population and households.
- Per capita income and/or income level.

- Urban and rural incomes.



In anticipation of the detailed analysis in chapter V'-and in
avoidance of duplication, it should be permitted to refer to Table (7)

which displays selected socio-economic paramaeters that meet the condi-

tions of measurability and linkage with the energy system.

2,3 Detailad Data Reguirements for Key Sactors on Energy Demand

The provision of useful enérgy to end-use consumers (devices) opens
the second diménsion of the energy data base. The central core of the
data needed for ensrgy planning is information on energy demand. The
higher the disaggregation thé more preclse the-originators of a specific
consumption behaviour with resgard to the energy-use can be described
Aand analysad. However, due to the lack of information on enefgy réquire-

ments by end-use devices, sﬁch detailed presentation is presently diffi-

' cult to approach for Egyptian energy system.

To determine a trads-off between both extremes, high disaggregation
versus high aggregation of informafion needed for carrying out in-depth
analysis of enefgy demand, the following categories of final energy-use
have been defined: industry,.transportation. agriculture, househblds,

commerce, public utilities and other services.

In the following, three types of information are distinguishaed, The
first is information regarding current national energy using activities
and fuel consumption. Activities are expressed in terms. such as steel,

cement, o+s 8tc output in tons or households doing cooking or ton-kms
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freight transport, etc. For each activity information is required on
.the amount of various types of fuel used to carry out the activity, e.g.
the amount of oil, natural gas or other forms of anergy used to producé
cement and the amount of kerosene and liquifiéd petroleum gas (LPG)

used for cooking.. Generally a base year can be decided upon and a consi-

stent set of data must be collected for that year.

The second kind of informafion that must be collected is that requ-
ired for projections. Projections are usually based on activity levels,
so historical data are needed on those activities or plans of those acti-
vities or their determinants. A third type of information would include

special supplementery data and regionalized information.

1. Industry.

Below is a partial list of major enargy using indust?ies:
= Aluminium plant
~ Iron and steel mills
=~ Fertilizer plants (urea as well as natural gas)
- Cement industries
- Metallurgical industries
- Chemical industries
- Enginesring industries
- Textile industries

- Food industries



a)

bl
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Basic datav
- Output of major energy using industries (tons per year and value
added}.
= Fuel use and electricity'use by. industrial sectors.
Fuel used for production processes or ﬁeat requiremsnts
. Feedstocks

Self producing of electricity and steam for heating (feedback)’

Projections data
~ Historical trend of outpﬁt by industry.
- Hiétorical trend of energy use, by fuel typea.,’

= Plans in each industry for expansion of productive capacity.

Supplementary data -

-~ Regional break-down of data.

~ National industrial development plans, policies and strategies.

- Employment by industry-

2., Transportation,

The distinction 1s made according to the transported object

(passengers, goods), fhe respective mode of transportation (car, bus,

truck, train, plane, ship) and the type of fuel used (gasoline, diesel

oil, jet fuel, fuel oil, stc).



A)

B8)

Passaenger transportation-
a. Basic data.,
- Urban transport: paasenger-km_travelled by privata.cars, bﬁs,
taxi, etc (using gasoline or diesel oil).
-~ Rural transport: number of autos (car, bus, taxi, small truck,
etc.), gasoline and diesel sales and km/liter.
- Inter-urban: passengaréKm travelled by private cars, bus, texi,
railway (train), waterway (ship), plane (domestic airlines).
- Total number of registered autos (cars, bus, taxi, etc), owner-
ship and/or number of registersd drivers.
- Energy efficiency of the transportation fleets (auto, truck, etc.).

- Gasoline and diesel fuel sales.

b. Projection datay
- Historical trend of autos® ownership or registered drivers.

- Historical trend of gasoline and diesel sales.

c. Supplementary data.
- Regional bresk-down of basic informatoon given in section (a)

above.

~ Income dependence of ths basic data given in section (a) above.

Freight transportation,
a., Basic data.

- Ton-km of freight transport broken down by truck , reil, ship and

plana,

4
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- Fuel (gasoline, diesel, jet fuel) used for transportation by
truck, rail, ship and plane.
b. Projection data.

- Historical data on the aforementionsd information.

c. Supplementary data.

- Regional variation of the above data. |

3. Agriculture.
a, Basic data.
-~ Area under cultivation and production 1q tons,
-~ Energy use (fuel and electricity) -For‘s
Farm machinery « soil hraparation and cultivations, processing,

including drying;

irrigation.

b. Projection data.
- Historical data on agricultbral production,
- National agricultural development plans,

- Land reclamation plans.

c. Supplementary Data,
- Regional breakdown of production and energy use for agriculture.

- Employment by region, by activity,
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4, Households.
a, Basic data,
The_diatin&tion is made according to location in urban and
rural areas..
- Population and number of houssholds in rural and urban areas.
- Appliance ownership (number or fraction of households] accor-
ding to: kind of stove, kind of lighting, refrigerator, air
conditioner, TV, radio, iron and others.
= Hours of use and amouﬁt of energy use for each appliance.
- Estimates of devices' efficiencies [re}ative or absolute)-

- Total fuel purchases or use by houssholds.

- Electricity and fuel sales to households.

' b. Projection data, ,
- Historical trends of energy use (fuel and electricity) by

houssholds.

co Supplementary data
= Fuel prices for residential purposes,
- ?uei and electricity sales by region.

- Informétion for various income groups.
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5, Commerce. public utilities and other services,

8. Basic data. '
'Enargy?Use'[fuel and electricity) for lighting, air conditicn-

ing, heating, cooking and miscellanecus electric uses (s.g.
elevators) in: |
- Govermnment buildings
= Hospitals -

- Hotelsland-rEEtaurants
- Stores

- ‘Streest lighting

Detailed energy-use data for commerce, public utilities and other
services are very difficult to acquire in Egypt. Therefore, estimates
have to be made by difference between total energy consumption and spe-

cific energy uses defined in the previous sectors.

2.4 Sources and Acquisition of Information

From the discussion of thevpreVious sactione 1t is clear that a
wide variety of informaticn is required for energy planning and analysis.
The collection of basic energy data is'a complex and time-consuming .
process, In many cases if requires adoption of indirect methods and
estimation procedurss. The complex nature of energy issues involve
many ministries, public sectors, organizations and private enterprises.

All these organizations are supplisers and uaers of energy afatisticso
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Principal existing sources of data in Egypt are:

Primary sources, including energy and planning institutions such as
Ministries of Flanning; 0il; Electricity and Power; D11 Companiess
Fgyptian Electricity Authority (EEA); Egyptian General Petroleum

Authority (EGPA)j Electric Distribution Companies; national energy commi~

- ttees, Central Authority for Public Mobilization And Statistics

" {CAPMAS] .

Secondary scurces, including

a, Official publications of various nationgl institutions concer-
ned with energy, economics, and finance which include: statis-
tical yearbooks and bdllatins; reports and bulletins of central
bank; censuses of population, agriculture, industry and trans-
port} budget and expenditure surveys; family survey; publications

of the Ministries of 011, Finance,Electricity and Plannings

b. Specialized conferences, symposia and workshops held in Egypt

and all over the world.

c. FExternal sources covering publications of specialized agencies
or international organizations, e.g. World Bank, United Nations,
Organization for Arab Petroleum Exporting Countries (OAPEC) and

OPEC .
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It is noteworthy to mention that, although information collected in
specialized surveys (e.g. expenditurs and family,suryeys] are for special
purposes quite séparate from those of anefgy'planning, these sources
often centain information that is basic to snergy planning as well.
Secondary aourcea'do‘requira critical examination because their energy

information may not have been carafully‘evaluatedo

Given the cost and personnel requirements of detailed data collection
efforts it 1s most important:
i~ to make use of all existing sources of information before initiating

| -primary collection efforts and

ii~ design collection efforts or éurveys around real information needs

for planning.

From our previous experience it was found that the wéakest area of
existing energy information in Egypt is for saectoral energy censumption,
and particularly for houaéhuld sactdfo This is partly true bscause non-
commercial fuels (such as animal and agricultural waste (biomass) domina-
_te in the mix of fuels used for houssholds in rural areas and partly
. becauss of the décentralized or atomized nature qf energy cqnsumptioh.
Where different forms of energy such as kerosene, electricity and LPG
are used in rural areas, little is known about the pattern of consumption
and the relationship between fuel demand and income or the interrslation-

ship betweesn fuels or the role of ralative prices and the mechanism of



fuel switching. In this respect, a need has been recognized to collect
detailed information (using energy surveys and questionnaires) on energy

consumption in Egypt.

while the fundamental rationalefor energy surveys in the housahold:

sector is the deaign.qf beneficial.and acceptable national supply and pricing
policies, energy surveysin the 16dda£r181 ssctbr can have a practical action-
oriented goal. Significant sgvings in industrial ensrgy consumption can be
attained by well dsigned, low cost energy management programs. well designed
programs of industrial energy audits can accomplish two 1mp6rfant functions:
~ they can add_important information to national energy planning and also form

the basié for practical energy cbneerving actions to be taken by industry.
~ As one moves from industrial ehergy sdrveys to détailed plant audits, the
requirements for specialized skills increase as do the costs énd the benefits
to the national energy balance and balance of payments, Clearly such a
program'is of hotentially great national interest and requires careful

planning and design.

2.5 Energy Inforhation Systeh And Decision-Making.

- The previous exposition gives soﬁe thought to the kinds of information
that are useful to natiohal energy planning and to the most effective
ways in which that information can be collected and usaed in analysis,
Energy information is not an end 1in itself, it is requiraq'as a basis for

’mekingfpolicy decisions. At the same time, the decision process may
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raveal 1nadéqﬁéciés'1n that inforhation. Some of policy decisions are
clearly récﬁgnized aé enéfgy décisibns, such as the construction of a new
powsr plant.or oil refiheryo Others may be viewed as economic, social,
transport or industrial devélopment decisions, but they may also have a
large energy cnmponant., Alfhough.wa cannot identify national issues in
general, thers is, in fact, a ramquable degree of uniformity in the
1mpoftant ahergy ;aauaa.facing Egypt and we cqﬁ at least cétegorize these

types of energy decisions as follbwa;v

1. Energy pricihg.

Pricing deéisibns‘aré perhépé'tha host éénsitive of all the energy
policies and continué'to'be ohe 6? the most important energy issues
betwéen gdvarnmenf aﬁd‘lending institutions (e.g. World Bank and Interna-
tional Monata}y'Fuhd’(IﬂF]]; denéidaféble information is required to
svaluate the social cdsié and ﬁehefifa of élternative_pricing policies,
This includes: aﬁounts of various fo;ﬁs of energy (fuels and electricity)
consumed by various income groups, .availability of alternative fuels for
final energy use and their prices (e.g; Kerosene Vs. LPG and LPG versus
.8lectricity ... etc), macfbeconomic impacts of fuel prices and subsidies,

and the economc costs of supplying fuels.

2, Energy Investment,

. "Energy inveatment decisions typically have the highest economic visib~

ility since moat of the éngrgy proJecfa are capital-intensive, Dacisions
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- on investment in.neonil refineries, power plants or transmission lines
raquire an understanding of the evolution of ensrgy demand. A wide varisty
. of alternatives 6ften must be considered and various types of impacts

(e.g. on reglonal developmsnt).

3. Energy resources allocation.

| An affectiva allocation plan fbr'patroleum products, crude oil, natural
gas, electric energ'ya «0s 8tc requires knowledge of the profile of energy
supply, converaiun; diatribution and consumption. The economic and sociql

‘impacts'of snergy bssourceg, allocation must also be considered.

49 The choice of appropriate technology:

| eemeee .

The formulation of a national energy plan requires information on: energy
resources of varioﬁs kinds, the current and future costs of various kinds
of energy production technologies and the creation of new patterns of energy
demand. It also requires an analysis of the economic costs and benefits
of investment in energy research, deveiopment and demonstration activities

part;cularly in new and reneswable sources of energy.

5. Energy system management .

Depending on the institutidnal structures of the energy sector, the
government has various degrees of involvement with the management of the
"energy system. There is also a need for a central view of consumption

patterns and energy conservation in order that the cnnsumbtiqn of energy can
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be made mqre‘efficieht.- This requires .a detailed information not only
on the quantities of various kinds of energy used at all sectors of the
national economy but also the technical efficiency with which that enérgy

is utilized compared to alternatives or international standards.

6. Long-term energy planning.

Long~term snergy planning raquinas_a view of the possible energy demand
forecasting and the possibilitieé»of fulfilling that demand in various
ways., This future view must be based on the analysis of the current supply-
demand relationships and the recent evolution of energy demand. It also
requires an appraisal of the energy consuming activities rather than fusl
consumption. In the industrial sector, analysis and projections_shoqld be -
based on ﬁﬁysical outputs and'the fuel requirements for that production

taking into account the processes to be used.

7. Sectoral development strategies.

Energy information is required also for decisions in other séctors such
as industrial devslopment, transportation, housing and rural development.
Policy-makers in these sectors must be informed by data on energy availability
and costs and the energy implicetions of alternative sectoral develapment

strategles.



CHAPTER III

METHODOLOGICAL APPROACH TO CONSTRUCTING
NATIONAL ENERGY BALANCE

3.1 Introduction

Different energy sources (e.g. coal, oll, natural gas, electrﬁcity,
water,»firewooq, wind, etc) have their own partipular physical, heat
content and other characteristics, Some sources are solid; others liquid
or gaseous. Some are primary energy sources (e.g. coal, crude oil,
natural gas), otﬁera secondafy energy forms (e.g. electricity). Each snergy
source has its own usual unit of measurement, which may differ from

country to country.

For some analytical and policy purposes,.each energy source may ba
studied on its own. Whilst for integrated energy planning an overall
asaessment of‘anergy supply and demand is required, whers all these ensrgy
sources need to be fitted into a comprshensive and internally consistent

statistical framework.

The energy balance is a supply-and-consumption (or demand) account
that>shows for a given time period and for a given territorial area thse
origins, conversions and uses of all energy sources, all expressed in a

‘single aﬁcounting unit. The time period is most commonly a year, but it
may sometimes be a quarter or half;year. The area is usually a country
but it may be a region within a large country (e.g. rural area) or it méy

group more countries together (e.g. Arab countries).
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The energy balance is a methodological instrument, which presents
in a clear manner the static equilibrium and the complex relationships
between the various energy sectors and between energy supplies (producers)
‘and the various socio-economic activities which consume energy. It is
a conceptual framework, providing a gonciae summary of the méin features
of countries®’ energy profiles:in a specified ysar. Apart from the fact
that the energy balance providesAa véry concentrated summary of %nformation.
it also places.embhasis on an érea which is relatively neglected in other
forms of presentation, namely final energy coﬁaumption by sectors and its
relationship to primary energy supply. The concise form of the energy
bélanées, alléwing the user to see at é glance the data of importance to
energy policy, has resulted in wide international acceptance o% thé energy

balances and their use as models in some countries.

The national energy balance may be relatively simple br quite complex.
It depends on how many different kindg of snergy sources are used, in how
many different ways, how much statistical data are available on the various
energy operations (i.e. supply, transformation or use of a source) and on

haw much detail is needed in order to answer a particular question.A

The first step in establishing the energy balances consists of eollecting

both energy data and socio-economic data.
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Whilst, the second involvee arranging the data into a coherent whole,
In.order to proceaed from the first step to the second, the following points
need to be spscified:

- Energy flows and operations.
=  Energy accountingvsystems.'
- Conversion and aquivalence coefficients.

= Sign conventions,

3.2 EneggyﬁFlows and Operations

The energy flows illustrate the energy operations taking place between

- the production stage and the final energy-use.

The energy operations can be classified into four main groups:
1. The availability of energy supplies, which covers all energy operations
relating to the extraction of primary resources, energy imports and

exports, refuelling at rsea bunkers, stock movements.

2, Energy transformation and conversion, which traces the input and output
from conversion processes where there is physical or chemical modific-
ation of the ensrgy sources in oil refineries, gas plants, electric

powsr stations, etc.

3. Own uses by energy producing industries and other losses which traces
the consumption of the energy sector, the transportation and distribution

losses and the non-anargy end uses (bitumen, oil lubricants, etc..).
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4, Final energy use in various socio-esconcmic activities:
industry, transport, agriculture, households, commerce, public

utilities and other services.,

The aforementionad classification is not universal, but it does
correspond in its general outline to that proposed by the majority of

international organizations(‘].

These snergy operations constitute the rows of the energy balancs
sheet, as 1llustrated in the following Table (4). The various forms of
enargy, which constitute the columns of energy balance is given in

Table (5),

Appendix I on "Gloasary of Terme” gives the scope and constituent
compenents of the energy operations, and identifies the different forms

of energy used in structuring the energy supply utilisation balance.

3.3 Energy Accounting Systems.
Quantitative analysis of the energy flows from production to utilis-

ation is not an sasy matter. Enargy sources are not usually consumed in
their primary forms in which they are produced. They undergo one or more
conversion operations, which not only change their energy form, but also

théir energy content. An example igs the transformation opsration of a

(*) The United Nations Statisticel Office, the International Atomic
Energy Agency (IAEA),:World Bank, European Econocmic Community (EEC).
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Table (4) Rows of Energy Balances
(Energy Operations)

Net primary production

Imports

Exports

Sea & air bunkers

Stock changes

Availability of energy supplies

Energy transformation
0il refineries
Gas manufacture
Elsctricity gensration
Public
self=producers

Energy sector’s own use & loss
Refinerises
Power Stations

Other losses (transportation & distribution)
Non-energy uss
Final energy use

Industry

Transport

Households

Agriculturse, Commsrcial & other services

Statistical differencss.
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Table €5) Columns of Energy Balances
(Forms of energy)

Solid fusels

Crude oil

Natural gas

LPG

Gasoline

Jet fuel

Kerosene

Diessl /Gas oil

Fuel oil .
Bitumen & other psetroleum products
Electricity

Total commercial snergy

Firewood‘

Biomass ° .
Agricultural residues
Dung (Livestock) ®

Biogas *
Solar*
Wind®
Total non-commercial energy

Total

*  Non-commercial energy can be included when the data would be available.



- 55 - .

primary source (e.g. coal, oil, natural gas, etc.) into a secondary source
(e.g. elactricity). Another example is the transformation of crude oi}
into different petroleum products (gasoline, kerosene, diesel/gas oil,
aviation fuel, LPG, rasidual fuel oil, bitumen, etc.). As a result, it
becocmes more complex to dsscribe the flows on the energy balanée, since
energy conversion operations are expressed as an intermediate stage
betwéen production and utilisation. In the energy balance sheet two items
ars required to feprasent the energy conversion process-one to indicate
the ensergy inputs into conversion plants, and the other to give the snergy
output. The difference between the two items is known as the conversion

- discrepancy, and generally corresponds to the losses incurred in energy

conversion,

For establishing the esnergy balence there are, in principal, threse

§uncepts for accounting: |

i. The Final Energy Balance:whers all energy flows (production, foreign
trade, bunkers, stock changes, input and output from conversion,
consumption) ars expressed on the basis of the real energy content
(net calorific value) of each source. This balance indicates the
energy supply situation in real terms aexpressing the quantities of
energy that are effectively available, and allowance is made for the

lossésvincurred during conversion operations.

Daspite the practical drawbacks relating to~tha degree of precision

requiféd.in'deta collection, this accounting system provides a satisfactory
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framework for a complete and homogenous description of all the energy

operations.

ii. The Primary Fuel Equivalent Balance: expresses the quantities of ens-
rgy required to satisfy final energy uses on the basis of their primary
fuel equivalant. As a result, qll the items on the balance shest are
accounted in terms of the volﬁme of primary energy.required to produce .
the supply, .Consequently, all secondary energy sources (s.g. petroleum
products, slectricity, .. atc) have to be accounted in terms of their
primary fuel equivalent,'iQe. In terms of the quantities of»primary ene- -

rgy required to produce them.

Conversion operations do not show any discripency, i.e. any loss,
since only the conversion input is taken into account. However, a suit-
éble conversion coefficlent is used to align energy output t0>1nput. For
new and renewable scurces of enérgy"(nuclaar, solar, hydro, goethsrmal
energy) used for electric energy genﬁration, a substitution hypothesis is
used« The quantities accounted are that of primary fuel which would have
had to be burned in equivalent classical thermal power stations in ordsr to

produce the same quantity of electric snergy.

The drawback of this accounting system is that 1t overestimates the
quantities actually necessary for supply. The limitations of its use in’

Egypt 1s that different coefficients would be required to convert derived
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sources into their primary fuel equivalents. This 1s mainly because of
the disparity in installations and hence the disparity in conversion

yields.

However, for practical reasons this accounting system is generally
only applies on a partial basis.‘ The concept of primary fuel equivalent
is applied to slectric energy, whilst the other energy source are eval-
uated on the baaié of their real energy content. This is ﬁhe so-called

partial substitution accounting system.

The concept of final ensrgy equivalent balance is recommended for

gstablishing the national energy balance of Egypt.

All calculations, aggregations and loss accounting have been performed

on the basis of real energy content (net calorific veluel.

3.4 Conversion and Equivalsnce Coefficients

The energy quantities, in standard practica; are expressed in the
following units of measurements:

Coal products: Metric tonnes (t)

Crude oil, petroleum products: barrels (b) or metric tons (t)

Natural gas, gas products: cubic meter (m3] or Teracalories (Tcal)

Electric energy: Gigawatthour (GWH), seso €tCe



In the energy balances, it is necessary to aggregate several forms
of ensrgy. In this respect, the problem of equivalance between the various
sources of ensrgy arises. Thé conversion coefficiants serve to convert
the data, expressed in specific units of measurements, into a common unit,

so that aggregations could be performed.

For secondary forms of anérgy, in particuler elsctricity, thess con-=
version coefficients are governed by the methodological approach adopted
towards thé energy balance. On other words, these coefficlents depend on
the energy accounting system used: primary fual equivalent or final
energy balance or a mixture of both. The common unit of measurement can

be Jouls,KWh, ton coal equivalent [tca),'ton oil squivalent (toe) .’

One ton oil equivalent (toe) corresponds to the énergy obtained by
burning one virtual ton of petroleum, of a net calorific value of 10
million Kcal. The tor of oil equivalent is the most appropriate common
unit of measursment, given that pefroleum is the dominant form of ensrgy
in Egypt. It is chosen because it 1is dafined precisely in terms of heat
content (107 Kcal), thus permitting esasy conversion from other spacific
units of measurement for various forms of energy. Moreover, it is a unit
actually used in everyday buisness. It has the added practical advantage
that a single table shdws both Kcals and tons of o0il equivalent, elimina-

ting the needvfor doublé system ﬁf tables. Therefore, using the unif of
tos in the snergy balances does prﬁvide an aesiiy assimilated summary of

the mein features of the Egyptien energy profiles expressed in actual terms.
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This approach is particulerly suitable to the analysis of policy problems

relating to oil=saving through congervation and substitution.

As a result, the energy policy decisions can be taken more effecti-

vely by ensrgy planners.

-

In the case of final energy balance, based on the real ensrgy content
of the different forms of energy, there is no difficulty in establishing
a series of conversion coefficients. All the specific units of measuring
the various forms of energy are clearly defined on the basis of the caloris.
The heat content (nst calorific value) of the different fuels veries
'according to local specifications and qualities (e.g. specific gravity,
water content, sulphur content and other inert matter content) in different

countries.

As far as electric energy is concerned, the coefficient of equivalence
is defined according to the basis regarding the system of accounting for

final esnergy balance: 1 GWh=86 toe.

Hydro-electric energy and other new and renewable sources of energy
(nuclear, solar, wind) are expressed in terms of the hypothetical amount
of oil which would be needed to produce the same amount of electricity in

conventional thermal power plants.
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3.5 8ign Conventions

In the formulation of energy balances, it is necessary to introduce
sign conventions to i1llustrate the direction of enérgy flows for the
various energy operations (production. imports, exports, refue;ling at
sea bunkers, stock changes, transformation inputs and outputs, losses
sses th]. Sign conventions forzadditioﬁs and withdrawals are designed
to facilitate aggregation and to avoiﬁ double counting. In this respect,

the following sign conventions are adopted:

i. < sign for: primary energy production, imports and output from
convarsion‘industries (1.e. coke, briquettes, petroleum products,

. gaseous products, electricity, ... etcl.

ii. = sign fdr exports, sea bunkers, primary and secondary forms of
energy input into conversion industries (crude oil, coal, fuel inputs
to thermal power stations), own uses and losses in the energy sector,

and losses in transportation end distribution.

iii. In energy balance, the "sense" of the stock-changes.sign needs to
be clearly defined. It is more logical on the supply side to show
a stock change that causes gp iﬁcreasa in supplies (namely, a stock
decrease) with a positive sign, and one that causes a decrease in

supplies (namely, a stock increase) with a negative sign.

iv. In some cases (e.g. in energy sub-aggregates), where additions and

withdrawals of snergy take place, the net value should be indicated.



3.6 National Energy Balances

The methodological approach to*constructing the enérgy balances is.
illustrated in brief in Table (6) and Fig. (8), which outlines the gen-

eral procedure for drawing up the balance.

As shown in Fig (8), three levels are considered in ths national
energy balancse, .mainly:

i. Balance of enasrgy supplies: at this level, the main emphasis is.to idenfi-
fy the guantity of energy that was made available to the economy befors
passing through the transformation plants. It is noteworthy to
mention that energy production excludes the flared gases and re=
injection in the oill wells. vThe balance of ensrgy supplies is

calculated by the following'equation:

Availability of energy supplies=net energy productioh.+

imports - exports - bunkers p changes in stocks. (3.1)

The value of this aggregate may be either positive or negative.
A negative figure for some energy sources is stem primarily from
export and/or sea bunkers, aviation bunkers credits or from stock

increass.

~ 11, Balance of transformation processes: at this level, the objective
is to identify the effectivensss of the energy conversion plants
installed in the country. This balance is calculated by the follow-

ing equation.
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3q

4,

Teble (6)

Specifications of the Main Concepts in
Building the Energy Balances

Energy Accounting Systems:
- The final energy balance -
= The primary fuel equivalent balance.

~ Partial substitution balaﬁce.

Common Accounting unit?
= International unit: Joulq, and multiples of it (e.g. terajoules).

= Convsntional units: ton of coal equivalent (tce), ton of oil
equivalent (toe), kilocalorie (Kcal), British thermal unit (BTUJ.

= Common accounting unit which is used in Arab countries-toe.
toe = 107 Kcal.

Conversion and Equivalence Coefficients $

= Heat content (Net Calorific Value) of various forms of snergy,

~ Particular case of electricity, and new and renewable sources
of energy.

Sign Conventions:

+ sign: Primary energy production, imports, decrease in stocks on
the supply side, transformation outputs.

=~ sign: exports, bunkers, increase in stocks on the supply sids,
transformation inpute.
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Net Transformation output (derived anergiés) = Transformation

inputs—self consumption of the energy sector - Losses in transparta-

tion and distribution. ' (3.2)

This method of accounting, which allows a distinction betwsen

inputs and outputs, has the advantage of showing up conversion losses.

iii. Balance of final energy: At this level, the objective is to iden-
tify the quantity of energy that was made available to the economic
and social aystem§ {1.e. the pattsrn of energy consumption) in the
country, akculding fhe non-energy uses. The balance edﬁation is}
Availability of final energy-usexzAveilability of primary energy

sources for final use <4 gvailability of secondary energies for fipal

use = non-gnergy -uses: ° (3.3)

Thése three levels trace the energy flows from various primary
sources of energy through transformation processes till the different final
energy-use categqriéa. Another level of energy balancse, namély the useful
energy balance cannot be considered at present in Egypt, mainly due to the
limited availability of data and the difficulties regarding the determina-
tion of snd~use technolpgies, techniéal and socio=-economic parameters.
These difficulties hinder the energy analysis on the useful-energy level,
However, the balanca.df useful energy level can be included in the national

energy balance, using the same adopted approach, wheneVer'the required date : .

(given in chapter II) would be available.
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The format adopted for national energy balance in Egypt is presented

in Appendix II. Energy balance is constructed in matrix form with the

following characteristics:

8a

b.

Ce

d.

8o

The columns of the matrix format relate to the commercial pfimery and
secondary forms of energy (coal, crude oil, petroleum products, natural
gas, electric;ty. etc.). Due to unavailability of data, the non-commer-.
cial fuels(firewood, agricultural and animal wasteS.solar, wind ... etc)

are not included.

In the rows, the different energy operations are presented in three sets:

-~ supplies of various forms of energy;

© = transformatfon inputs and outputs, energy industries;

- own uses, transmission and other losses;

- finel energy=-uses (ensrgy consumption).

The energy aggregates are presented in the rows to show the availability

of supplies, the availability of energy for final energy-uss.

In the last row, the statistical differences are presented to show ths
differsnce between the availability of final snergy-use and the total
energy consumption of various sectors (industry, transport, houssholds,

commerce and services).

In the last column ars presented the net total of each énergy operations

(net primary production, exports, imports, bunkers, ... transformation
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processes, aenergy consumption in verioue SECtOrs, eees etc.) and the

net total of the energy aggfegates.

f. The common unit used in the energy balance is ton of oil equivalent

(tos = 107 Kcall.

The choice of anergy operations and aggregateg to be specified in the
rows, and the various energy sources to be identified in the columns,
result from an arbitration between the availability of data and the use-
fulness ofkthese‘data for assessing the energetic dynamics of the socio-

econamic enviromment in Egypt.

in this way, the proposed structure of the national energy balances
for Egypt does provide an aaaily'assimilatad summary of the main features
of the energy profile in a spagifisd year. The matrix form of energy
balance is of thfee dimensions-year, transactional energy flow and energy
commodities. It shows relationships between the various energy ssctors
and between end-use and energy raquirémants. It enables overall conclusions
~ about energy policy requirements to be drawn, 8.g. energy conservation

and management, interfuel substitution ... etc.



CHAPTER IV’

QUANTITATIVE.METHODS FOR ENERGY FORECASTING

Quantitive hethoda for energy analysis and forecasting have to con-
centrate on the determination of a consistent set of equations that endea-
vours -~ to captufe mathematically the interrelation between energy,
sconomy and socio-sconcmy. Methods uséd for energy analysis are deve-~
loped using numercus techniques and approaches which are often dictated
by the sort of decision problems we wish to answer, the system under

study and the amount of available data.

Some of these methods and approaches are econometric methods,_technd-
economic methods, optimization mo¢els, accounting models, trend analysis,
normative approach, ..., etc. This delineation of the energy forscasting
approaches is artificlal because a particular forecast may be based on

combination ©f these methods.

This is not the place to repsat in-depth the methods and techniques
as they are well known. Instead, reference will be made to them only

broadly and the areas of possible application briefly discussed.
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4.1  Espnometrio Modsls
They use macro-economic indicators (GOP, GNP, value added for each
sector, ensrgy prices, .. etc) to calculate the level of energy demand,

overall or for each sector of consumption, and for each form of energy

or for all forms combined.

The most ganerally used madéla Sre "Statistical models” in which
the energy demand’ (total or sectoral] is calculated using the levels of
activity or of incomes and scmetimes energy pricéa and demand elasticities.
These models are simple and of very high consistency. They provide
reliable answers in situatioﬁs of regular sconomic growth and stable

ensrgy prices,

However, econometric models turned out to be unsuitable for represe-
:nting the relationship between energy demand and economic growth in Egypt.'
where economic and social development can cause major structural changes.
The limitations of the sconometric methods are basically due to the insuf*

ficient lsvel of disaggregation and the heavy dependence of these models
on the past. In addition, demand elasticities are difficult to measurs and
the "past elasticities” cannot satisfactorily be used for forecasting

purposes.
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4,2 Trend Analvsls:

The trend analysis, or extrapolation method, is the simplest technique
to forscast the future, requiring minimal data. The projections ars méde
based on a continuation of historical trends of consumption patterns.

These trends often have to be adjusted to take account of current and

expected changes in the economic, social and energy environment.

Therefore, this method is inflexible towards structural changes,
either inherent of, or imposed on the system under study, which therefore

might lead consequently to an inconsistent projected structure,

4,3 Normative Approagh

The normative approach has'an'opposed attitude towards the futurs.
As the evolution of a system is uncertain in anyway, because many factors
undefinable today, appear and affect the system in the long-fun, it is
better to decide on ths future, to set goals and objectives and to analyse
and then identify steps required to fulfill these objectives. Such
analysis requires very 1ittle historical data and therefore is suitable in

cases where data are limited.

The normative approach to energy forecasting might be more appropriate
for the determination of energy demand in household sector, which is subject
to rapid changes, thus, do not follow a certain trend. In this case, 1€

seems more suitable to use the normative approach to fix arbitrarily a
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social level and along with it the respective energy needs, However,
sven for the normative approach the basic data should be reliabls enough

to prevent serious mistakes from occuring.

4,4 Optimization Models

This type of optimisation model is useful from the micrb-, sectoral
and macro level in determining how best a country can utilise ifs resources.
Such models integrate supply and demand based on assumptions as to maximum
and minimum fugl preferences levels by various sectors coupled with maximum

“and minimum available fuel supplies.

However, due to ths largé required data base and the difficulties of
regarding life style parameters in the analysis renders this type of models
unsuitable at present for national energy planning in Egypt. It might
be, however, applicable for certain pianniﬁg purposes, 8.g. to ca;culate

snergy sources allocations on a least-cost basis.

4.5 Techno-sconomic Methods

These methods based on the following general approach:
a., Detailled representation of energy end-use categories (s.g. cooking

and lighting for households, etc).

b. Calculation of the demand for useful and final energy on ths basis

of technical, econamic and social indicators.
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c. Use of a scenario approach to account for the development of all
factors which depsnd on policy options both in the energy field

and slsewhere.

d. Use of a model to translate the scenarios in terms of useful esnergy

and final energy demand.

These methods distinguish two components in the snergy demand. On
the one hand, "the useful energy” directly related to the level of
cevelopment of the country. On the other hand, the transformation of
usaful energy info final energy, which is related to the type of energy
and equipment used (end-use gfficiency). Thus :techno-s8conomic approach
requires a complete statement of the assumptions concerning future changes
in the technological factors as well as in the style of economic and

social development.

The definition of "scenario” used here is that "the scenarioc method
is a synthetic approach which, on the one hand simulates, step by step and
in a pla&sible and consisteﬁt way, a series of events leading a system to
a future situation. On the other hand, it presents an overall picture'of

- this situation”.

The different techno -sconomic approachés may be classified according

to the type of model and scenario used,
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i, Econometric models, in which the progression of most of the social
and economic indicators, the choices betwesen alternative equipment
or processes, and the substitutions between different forms of
energy are endogenous and eésentially based on econometrib relation~
ships, These models have the advantage of making'energy projections

more consistent at the macrosconomic level. Their limitations

are that they are over-dependent on the past.

ii. Accounting models, in which the changes in the soccial and economic
structures, in tﬁe technology, and in the energy mix are exogenous
and specified within the framework of the scenario. Thus the
scenario plays a key role. The main function of the model is to
perform rapidly a whole series of multiplications and additions.
Thus thqse models are accounting tools rather than real models.
Therefors, users of these modeleimust have accurate knowledge of

the social, econamic and technical problems linked to energy.

iii. $ystematic models, in which the progression of most social and
sconomic factors and the technological options are endogenous to
the'model and simulated on the basis of rélatidnships aimed at
sticking as closely as possible to real phenomena. thygs these models
- require previous analysis to be made.of the mechanisms by which snergy demand
develops, and of its determinants. Then, this enalysis is fofmalized

into the model.
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Techno-economic methods have several advantages. They provide simpls,
transparent answeré.to a number of questions concsrning the long=-term
develaopment of energy matters. In addition, these methods allow in-depth
analysis of the supply of final energy by investigating the balance of supply
and demand at a more detailed level. Moreover, with these methods the major

demand determinants are made explicit,

Some problems arise in application. These methods require a highly
developed data base. They rely heavily on scenarios, which must be designed
carefully to avoild inconsistencies, especially in the interface between
macro-econemic development and technological changes. The consistency pro-
blem may be solved by using complementary economic models and structured

scenario method.

The previous exposure of forecasting techniques and approaches emphasi-
zes the need to exercise caution and selectivity in applying these techni="
ques, Because different modsls are required for various purposes, energy
plénners stressed the need.of relying on more than one forecasting techni-
que. It is essential for the purpose of energy forecasting and planning
in Egypt that hore highly develdped data be obtained, particularly for the

industrial, transport and household sectors.



CHAPTER V

TECHNO-ECONCMIC METHOD FOR SECTORAL ENERGY
DEMAND ANALYSIS

The fobus of this chapter centers on the display of the socio-sconomic
and economic. parameters that‘determine the energy demand in different sectors:
transport, industry, agriculture, housshold and services. The conceptual
framework presented endeavours to amalgamate parameters of energy, economy
and socio-econcmy on the useful demand level comprehensive, but nevertheless

simple and transparent.

A selection of technical, sconcmic and socio-sconomic parameters used
for the methodology is presented in Table (7}. However, as the energy balances’
lowest detsrmination level is the final energy level, the matching of the

formal interrelation and the balance will take place on that level.

The presented msthodology considers only the pattarn of commercial
fuels, 1.8, crude oll and its derivatives, natural gas, coal and its pro-
ducts and electricity. Suppiy and usage of traditional or non-commercial
fuels has been presently disregarded due to the difficulties of measurement
and allocation. The economy hes'not besn treated as an agglomeratén The
breakdown of economic activities at 1east in the main contributing sectors

has been undertaken.
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LIFESTYLE PARAMETERS

HCUSEFOLD

Room per unit

Cegree days

Mumber of occupied unit
Power installed

Fours of power used

Cemand for water

Warm water fraction

Number of pesople per family

TRAMSPCGRTATIGN

Passengers/mode of trans-
portation )

Average Kilometrage per
road vehicle by type of
otject,

AGRICULTURE

Calories and/or proteins
intake per capita

Table (7) PARAMETERS USED FOR THE METHODOLCGY

TECHKICAL PARAMETERS

HCUSEHOLD

Insulation ccefficient
Capacity of installed air

conditioning
TRANSPORTATICN
car
Enargy Iintensivensss bus
per passenger transported rail
plane
Energy intersiveness truck
per good transpocrted reil
plane

Average fuel consumption
per vehicle by type of
object,

INCUSTRY
Enargy intensiveness per
product aqutput of major
groducirg categories

AGRICULTURE
Average fuel consumption per
catsgory of machinary park e

ECONOMIC PARAMETERS

HCUSEHOLD

Rural-ﬁrhan population distribution
GNF distribution

iNDUSTRY

Oistribution for collar of value
adced/praoducing sector

Energy intensiveness per dollar of
value added per producing sector

Activity level of industries

SERVICES

Energy intensivenaess per dollar of
value added
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5.1 Transport -

The need to’travelvvariés greatly from one region of the country to
another and so does enefgyAdsmandd However, the strﬁcture of the tran-
sport sector in Egypt’can be identified according to the transported
objects (passengers and goods); the raépective mode of transportation
(car, ship, train, ;3. etc), and the fuel usage,(gasoline, diesel, ..etcl,

as shown in Fig. (8}, "~

Depending on the availability of data, the following two approaches

can be performed. -

i, Ihe advanced approach

At the useful energy demand ievel, the socio-economic parametér "nassenger-
kilometers per mode of passengér tranéportation‘ and the economic indicator
"ton~kilometers per mode of freight tranapdbtation" influence the energy
consumption., The eggregated level of these two variables is obtained through
a correlation to the gross national product, which serves as a proxy for
consumer income and for the level of economic activities. The emalgamation
of these parameters in relation to useful energy consumption leads to the
following formal equafion:

ETiJ‘ =F lKN(GNP]iJ ? Xsijf r;ij) (5.1)
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Transported
object

Mode of
transportation

Fuel uéed

TRANSPORT

Rassenger

X i
| | ' | [ |

car bus taxi train plane ship

}

~N

Gasoline yj

Digsel

N

goods

trunk

|
train

Jet fuel

|

plans

I
ship

Fuel-oil/dissel

Fig. (9) Transported Objects, Mode of Transport and Fusl Usage.
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Unit
Where ETij is the useful energy consumption of transportation toe
object 1 and transportation mode j,
KM(GNP]ij reflects the amount of driven kilometres of object pkm or tkm
1 as a function of Gross National (Domestic)
product,
XSy 4 the share of mode j for the object i, and dimensionless
Eij ‘the energy intensivensss per mode j of object i, kgoe/pkm of
' (kgoe/tkm)
transported»objectsi transportation mode:
i = 1 passenger J 1 2 3 4 5
1 = 2 goods 1 :

1 car bus train plane ship

2 =~ truck traln plane ship
It might be approhriate_in certain cases to use the term ‘seat®-or place-
kilometre~i,e. for 1nterna1 aviation or rail transportation of passengers-

as this parameter might be more easily available,

To derive at the level of final-energy consumption, the thermal effi-
. clencies of each powesr machine (EFF) have to be applied on the variocus
transportation mode. Furthermore, for each transportation mode the share
of the specific fuel used (SFJ has to be determined. In a more sophis-
ticated approach, the relative price structure and the price elasticities
for the determination of e€ach transportation mode could be incorporated.
The final energy demand in the trénsportat}on sector given the aforementio-

ned - calculus would be derived by

F o= f(ET, , EFF, SF) (5.2)
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ii. The basic approach

For road trapsportation - goods as well as passengers-the parameters:
number of vehicles registered (NV], average kilometrage (AK), ard average
consumption of fuél per kilomster driven (AF) deliver a crude approxima-
tion on the fuel consumption of this sector on the level of’final ,
energy. .

F. = F(NV, AK, AF) (5.3)

Final energy used for godd transportation by railways can bs approxi-
.mated by relating the quantities transported (Q) and the energy require-
ment for one unit of good transported (EQG).

F = (Q, EQB) (5.4)

5.2 Industry
Depending on the availability of data, the following two approaches

can be performed,
i. The
The approach tﬁat tonsiders economic and technical parameters relates
for the minimal superior - diaaggragationD i.e. two sectors: oill and non-
'011, the groés domestic product (GDP), the activity level of each industry
(SI), the structure of captive end-use categories (AV), the energy inten-
siveness of each sector (KW), the fuel mix for the end-use market (FM) and

the efficiencies of fuels for sach specific end-use (EFF].

4 . ey .
Fnil/non-oil £(GDP, SI, AV, KW, FM, EFF)  (5.5]
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In a more sophisticatéd approach, the relative price structure and

the price elasticities could be incorporated.

i1, Tha quantity based approach .

In cases whers data are available on energy-intensive industries with
a limited produéfion palette, this appfﬁach is appropriate. The amount
of gnergy consuméd per productive eectof can be determined by weighting
the quantities produced with the respective energy content, This serve

as a reasonable proxy.

5,3 Agriculturs.

.The detgrmination point in thevecdndmié system fdr the energy usse
in the agricultural sector 1s the farm gate. This implies that transpor-
tation of agricultural pruducts:- gréins, vegetable products,;meat,
fish, .. Btc., and the originating ?ual consumption théréby is taken care
of in the transport sector. Additionally and to avoid double counting,
: coqsumption in the farm house is conéidered in thg respective household
sector; food preparation.and procasaing, in its broadest sense, belongs
to the industry sector. What remains is the cultivation of agricultural
land, meat pfoduction gnd fish catghas and farming and the energy required

for these processes.

The main conaumerkof energy for agricultural purposes are the machinery

parte (M) and irrigation pumps- (P). Given the average consumption of fuel
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per machinery input and pumps (AC), snergy consumption in the agricultural
sector could be derived by:

F = £(M, P, AC) (5.6}

5.4 Household "

Energy is disposed of in the housshold sector to render four major -
categories of services, namely: room heating and cooling both to render a
desirable indoor tempaerature, water heating for cooking and the use of

glectricity to operate various electrical appliances., The structure of this

concept is presented in Fig. (10).
i. The advanced approach

As this approach is rather detailed, it might not be applicable in the
near future in - EgYPt. = Howsever, it has beesn presented based on the
intention to draw now attention on this subject so that the data collection
is already oriented towards that goal, Final energy consumption required

for space heating or air conditioning can be calculated by:

Froom/air = F(MS, DG, C, SFp, EFF) (5.7)
Where: : Unit
MS repreaenfé the floor area, ,_‘ " . m2
i) degree~days, _‘ | cC-day
C the insulation coefficient, - Kgoe/m2 C-day
SFy the fuel share, and | . dimensionless

EFF° the efficlency ratio of the process ' dimensionless



Household

Pattern . [ | ,
. of room air ‘ i Water heating electrical
Consumption heating conditioning Lighting , 8 cobking , appliances
. — kerosene
ele@tricity
Forms of »
snergy ~ . ,' LPG

Fig. (10) Major

Natural gas —w—-J

Categories of Services and Energy Use in the Household Sactor.

- 28 -
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Final energy consumption required for water heating and codking can be
calculated by:

F

vater = T(WC, SW, WE, SF , EFF) (5.8)

Where: ‘ | Unit

wC repraesents ‘the amount of water consumed, ' liter

SW the fraction that has to be heated to render a service, dimensionless
WE the snergy requirement for heating one unit of water, kgoe/liter
SFQ the share o#‘fuel,‘and " ’ h | : ' dimensionless

EFF  the efficiency ratio of the process dimensionless

There is a fraction of the energy consumption in the household sector

that is devoted to'the'usege of household appliances and lighting. This

typ

One approach'of determining the electricity consumption on final energy

g Of energy mostly consist of electricity unsubstitutable by other fuels.

level could be by its relation to per capita income:
F = f(GNP/Cap] (5.9)

i1, The basic approach.

For cases when no distinction according to the use of energy is possible,
the energy consumption per fuelAin the household sector can be derived by
the number (NH) and size (SH) of households, the disposable income (DC),
and the share of commercial fuels (SFH),

F = £(NH, SH, DC, SFH) (5.10)
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Services

Until appropriate measures .to determine final energy consumption 1in

the service sector are developed, the consumption might be determined

according to:

Wherea:

SS

GNP

SF

EFF

F = f(SS, GNP, SF, EFF) : (5.11) -

reflects the share of the service activities in the
total GNP, ‘ ‘ .

the Gross National Product,
the fuel share, and. -

the energy ratio of energy consumption per unit of
vale added.

Unif
dimensionless
curréncy unit

dimensionless

kgoe/currency
unit



CHAPTER VI
UNRESOLVED ISSUES ON ENERGY PLANNING

IN EGYPT AND AREAS OF POSSIBLE FUTURE
DEVELOPMENT

6.1 Complexity and Uncertainty of Energy Policy Issues

In order'td make clear which demands and problems planners and policy
makers are confronted with and what contribution energy methods and models
can have, we consideﬁ it necessary to combine an overview of ths develop-
ment and present state of energy models with the dasériptionvof some

details of the energy problem itself.

The central praoblem for energy planning in Egypt over the short-and-
medium term consists in coping with the dramatic fluctuation of oll prices
and the existing dependency on crude oil exports and fhe impact of o0il foreign
‘trade on the economy and balance of payment. : In the long-term, the presi-
stent and dominant question is, which energy sources caﬁ énd éhould guara-
ntee the energy supply in the light of the foresseables exhaustion of crude

oil and natural gas reserves,

Although there exists an extensive consansds on the severity of the
presenf energy'aubply situation in Egypt, opinions and views differ widsely
as to the appropriate path towards a post-petboleum energy supply system
and as to which primary energy carrier éhould have priority in subsfituting
for crude oll and ﬁatural gas. Some antiéipéte an increased use of coal
and building=-up of nuclear energy as the salutiAH to the problem, while

others support conservation by more effective energy end-use. Still others
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believe that a decentralized use of renswable energy sources alone can
represent a long=-term solutiocn capable of bearing the load. Besides
technical and sconcmic arguments, thera are especially questions of
environmental protection, security as well as general political aspects
which mark the energy discussion, The emotional and controversial energy
discussion is also a reflected image of the problems which confront those
active today in the field of enargy bolicy or energy planning. Complexity

and uncertainty are its characteristic .attributes.

In the field of energy production, conVeraion, transport, distribution,
and end-use technolﬁgy, there is a wide range of technical cohstraints and
specific features of respective technologies to consider in order to guara-
ntee compatible interaction with the other components of the energy system. A
plurality - of new technologies, e.g. the use of renewable energy sources;
are under development in Egypt today. Their timing of commercial introdu-
ction, their caosts, and their technical parameters, such as efficilencies,
can be stated today only with a large range of uncertainty. Also, the
interactions betﬁeen the enargy'syétém of Egypt, the other séctors of the
sconomy, énd the gseneral aconpmic growth are‘complex, The consequences
of fluctuatioﬁ in energy pficés br-of‘a 1imited energy supply on the eco-
namic davelopment of Egypt éreresﬁentielly éspects which must be taken
into consideration within the scobé of energy poiicy decisions, Consid-
erable uncertainty also qxists with regard to the future development
.of energy requifementa; This ariaeé on the one hand, becauée a further

economic growth is no longer seen automatically as desirable, and on the
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other hand, because it is hard to anticipate to what extent energy-saving
measures and methods will be carried out. Availability and price fluctua-
tion of.  crude oil aﬁd petroleum products, acceptance of nuclear energy,
global environmental problems are‘only several of a number of important
issues giving rise to the complexity of the energy problem aes well as to
the considerable uncerteinty. under which energy-policy decisions must be

met.

To sum up, the energy planning process in Egypt has entered an era of
new complexity. Rather than asking what the energy demand in some future
ysars wili»be.¢of what the contribution of different supply options will be,

‘a better question is, »what must an energy policy look 1like?”

6.2 Cagital Raguirements and Timing "in Developing Energy Palicies

The energy production, conversion, and transport facilities require
manpower, squipment and financial resources to a degree that justifies a
caraful evaluation of Egyptian ability to implement its energy supply plans
fully., Since these same resources may be required for the development of
other economic sectors that create the demand for energy, the esvaluation
of resources capabilities must include. more than the energy supply aector
alones As the energy supply sector involves major facilities and long
construction times, early attention to these-aépects is assential to ensure

the availability of the required resources.



The lumpiness of many energy investments makes energy planning diffi-
cult, In Egypt oil supports economic development both as a generator of
financiel-reéourcéa for investment projects»and programs and as an energy
source for activities in industry, transport, agriculture, residential,
public utilities and other services. The recent drops in oil prices woqld‘
challenge the ingenuity and capaclty of the finapciallcommunity, government
as well as international. The capitalQShort would be energy-short. 1In
this respect, tha true opportunity cast of scarsa resources (particularly
capital and energy) must be correctly and Fully -avaluated, for decisions
may be almost irrsversibla. tying up scarse reaources in a way -that may

distort development.

To sum up, emphasis should be placed on self-reliance and rational use

of capital and energy resources.,

Timing is the most significant factdr"ﬁﬁ the present historic transi—
tion frqm lqw to high~cost energy. This4ob11geé the energy planners to
recoﬁsider patterns of production, consumption and technology; Difficult
cholces must be made between éompeting alternatives in a complex and dynamic
environment, andvfor this integrated energy planning is a first and indiépen—
sable  step. A second step would be to ;dantify‘and commit the necessary

I‘BSOUPCBS °
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8,3 Einancial Considerations and Project Analysis

Every snargy plan requires funding, Lack of capital is the most
serious constraint on the effort to provide an adequate supply of energye.
The costs and benefits of the constituent parts ofAtha plan, their interre-
lations and timing must be carefully evaluated. Project analysis is an
indispensable tool for planning itself and for a fealist;c assessment of
the financial implications of the plan. The process of drafting an energy
plan bescomes a time-consuming and difficult task because of the long lead

times of major investments and the many uncertainties, -

Special emphasis should be devoted to the following points:

a- A considerable proportion of the cabital required in energy sector
must come from abroad and repaid in foreign currency. New investments
in energy will increase the national debt and the payment interest aon
that debt., For a long period, the goyernment may have to pay off a loan

" in foreign currency for an existing plant. If this plant is to be
replaced by a new investment, an additional foreignh exchange burden
will pe incurred. In this respact,financiel needs for lean redemption,
maintenance and expansion of existing plants must be secured by an

appropiate pricing policy.

b- Many energy projects, especially in the glectricity sector , earn
revenue only 1n local currency. This mesans that foreign currency must
be earned through other forms of export. In the 1970's and the beginning

of the 1980°'s, oil replaced cotton and other agricultural products as
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the main export in Egypt. The income from oil, Suez Canal revenues
‘and the remittances of'Egyptian labour working abroad were the main
sources to fund the development plans in Egypt, Howsver, due to the
decrease 1n these revenues in recent years, the planner must be aware
bf the limitations in foreign currency énd make .sure that the snergy

plan is financially‘viabla within the global national economy.

c~ Changing the energy mix will usually result in higher investment requi-
| rements per unit of ocutput than was the case five or ten years earlier.
Potemtial availability of funds, in foreign as well as local currency,
should therefors bé carafully investigated during the process of energy
planning, since it is nonfealiatic to plan for what canhot be implemented.
~ In this context, it is noteworthy to mention that investment costs.

are strongly influenced by management action.

6.4 Training of Personnel for Energy Planning -

In general there ars relatively more human resources available for
the production, marketing and inveetﬁent phases of the energy sector in
Egypt, while the most acute shortage of manpowsr is in the areas of overall
energy analysis and planning. In Egypt there is a crucial need to have
sufficient qualified personnel to anatyze the stfuctura_and functioning of
the national energy system, and on the basis of that ;nalysis, to draw up
comprehengive plansg and svolve an energy policy gearsd to the needs and

rasouyrces of the country,. .
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Given the multidisciplirery nature of energy planning, there is a
necessity and importance of the involvement of the existing institutions
in the development of personnel for energy planning by initiating an
extensive training programme for their staff. The priority in training
should be given to public service personnel already involved in policy-
making and management in the Egyptian energy sector. This priority is
Justified becauss it is necessary that the personnel who prepare policy
decisions and manitor their implementation have the required experience
to properly carry out these tasks., In this connexion, training progra-
mmes for planners should include coursss in system analysis, operation
research, statistics, the financial and economic evaluation of projects,
and information sciences., With this background.dmore specific training
should be provided in: detailed analysis of the economic development
aspects of sach energy resource and the énergy sector as a whole; Kay
techniques for analysis and forecasting of energy demand; supply planning
methodologies. In addition to such theoretical training, practical traini-

ﬁg sﬁould be.provided using case studies and planning exercises that

represent as closely as possible the actual situation in Egypt.

A related subject, which need greater emphasis and careful considsra-
tion is the internal migration of skilled psrsonnsl within the country
?roﬁ the energy sector to other activities or from the government to the
privaﬁe sector '« The main causes of this phenomenon are the inadequacy
of salaries, allowances and other fringe bensfits and incentives in energy

institutions in Egypt.
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6e5 Institutional Issues.

The abundance of agencies in the.energy sector and the -absence of an
umbrella energy planning institution have resulted in dispersing Egypt'
human, financial and administrative resources. - Consequently, the lack of
sufficient co-ordination and 1ntegration; the prevailing fragmentation of
responsibility for energy planning and the shortage of experienced staff
in planning throughout the sector are the major constraints for the
formulation of comprehensive naticnai energy plan. This points to the
necessity of establishing a national energy authority that would have the
responsibility for formulating energy policy and strategy and for coor-

{ dination and monitoring of Egyptian energy plan as it 1s integrated

with the national development plan.

A critical issue, in this respect, is the status and power of the_,
National Energy Authority (NEA] in relation to the entire energy establish-
ment, including Ministry of Petroleum, Egyptian General Petroleum Authority
[EGPAj,>oil companies, Miniatcy of Electricity and Power, Egyptian Electri-
city Authority (EEAi, Electric distribution companies and other electric
power‘utilities, regardiess of whether these are public or private sectors,
The question of status is much more complicated in real practice. There-
fore, the NEA's status must be made equal to its responsibilities and the

key factor in ensuring this is to enable NEA to attract and retain high-
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calibre staff. One of tha moat impnrtant tasks of the NEA and its full-
time professional staff would be to work out criteria for energy inveSn
tments and the ranking of projects. The difficulty of estimating the

future price uf oil increases the difficulty of this task. )



CONCLUSIONS AND RECOMMENDATIONS

A fundemental requirement forlihtegrated energy plénning is to deve-
lop a data base which enables ehergy'fo be related to all the various
activities in the natipnal economy. The conceptual framework as descri-
bed above provides a sttematic structure for conducting energy analyses
in Egypt. As such, it provides means for organizing the collection of
dzta into manageable segments and provides means of synthesizing these

segmants into an integrated analysis based on supply/demand balance.

Energy information and other data needs should be collected in a
consistent, systematic and dynamic ménnero It is beyond question that
apart of comprehensiveness, the internal consistency and external comp-
arability are pre-conditions for ensrgy data base, It is noteworthy to
mention that, energy information system is.not an end in itself, it is
required as a basis for making policy decisions., At the same time,

the decision process may reveal inadequacies in that information.

Energy balance is a conceptual framework, providing an easily assi-
_ milated summary of the main features of the energy profile of the country
in a specified year. The matrix form nFAenergy balances is of three dime~
nsions - yéar, transactional energy floﬁs and eﬁergy commodities. It shows

relationships between the various energy ssectors and between end-use and
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energy requirements., It enable overall conclusions about energy policy
requirements to be drawn, e.g. energy conservation and management, inter-
fuel substitution ... etc.

Methods used for energy analysis are developed using numerous tech~
niques and apﬁroachés which are often dictated by the sort of decision
problems we wish to answer, the system under study and the amount of
available data. Some of these methods and approaches are ecanometric
methods, techno-economic methods, optimization models, accounting models,

trend analysis, normative approach. This study emphasizes the need to

exercise caution and selsctivity in applying these techniques.

Techno-econecmic methods have several advantages. They provide simple,
transparent answers to a ‘number of questions concerning the long=term
develohmsnt of enargy matters. In addition these methods allow in-
depth analysis of the supply of final energy by investigating the balance

of supply and demand at a more detailed level. Moreover, with these methods

the major demand determinants are made axplicit,

However, tachno-economic methods require a highly developed data
base. They rely heavily on scenarios, which must be designed carefully to
avoid in consistencies, especially 1n the interface between macro=-economic
development and technological changes. The consistency problem may be solved

by using complementary econocmic models and structured scenario method.
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It is esaantial‘fnr the purpose of ihtegratéd energy planning in
Egypt that more highly developed’daﬁa‘be obtained, particularly for the
industrial, transport, agricultural, residential and commercial sectors.
An indirect benefit of the appliCation of the proposed methodology for
energy planning in Egypt is the bringing tugether of all institutional
agencies that deal with'ensrgy problems to focus on an integrated ana-.
lyeis. The integrated methodology provides a mechanism for agencies
with varying mandates (e.g. Ministries of oil, Electricity, Industry,
Transport, ... etc) to pool their capabilities and focus on a unified
approach to energy plannihg. Such interaction is' .erucial- to effective

national energy planning in Egypt.

In this context, theiendeavour is to be ‘seen to link the elemants:
energy, economy and socio-ecanomy in order to cristallize the impetus of
energy=-use rooting in the socio-economic environment and to visualizs-
clearly that energy is not an element in its own, but embedded in a

much more complex interactive system.

Major ﬁroblematic areas fnf energy planning in Egypt (e.g. com=
plexity and uncertainty of energy policy iasqes, capital requirements
and timing in developing energy policies, financial constraints, lack
of professionals for energy planniﬁg and other’inatitutional issues)
have been identified to launch more detailed investigations in the

future. The following areas have been identified to be the cornerstone
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in the plans of action to support Egyptian energy policy-makers in their

long way for energy planning and analysis:

improvingvthe energy data base;

emphasis on self-reliance and rational use of capital and energy

resources; .

evaluating corrsctly and fully the opportunify cost of scare resou-=
rces (particularly capital and energy) to work out criteria for

energy investment and tha ranking of projects;

reviewing the energy institutional arrangements for more effective

energy planning and identifying responsibilities for efficient supply

and demand management;

training of energy statisticians and professionalso
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APPENDIX T¢ BLGSSARY OF‘:'TERMS S ~-,;fr;\

APPEND-IX IT GENERAL STRUCTURE OF THE NATIDNAL ENERGY
L BALANCE SHEET FOR EGYPTo '



GLOSSARY OF TERMS

Primary Energy: is the one extracted or provided by natural
source, 8.g. coal, cruds oil, natural gas, hydro-and goethermal electr-

ical energy, solar, wind, etc.

Secondary Energy: is the derived or converted primary energy after
physical or chemical %ransformation, el petroieum pfoducts, electric-

ity, stc.

Final energy is the primary and/or secondary energy made availa-
ble for consumption of the socio-economic sectors (industry, transport,

householdé ses BtC.

Useful‘ehergy: is the energy in terms of useful heat, light, mecha-
nical power, etc. needed to pfovide energy services to the final user,

e.gs the heat for industrial production procésses, space heating etc.

Net primary production: refers to the quantities of energy extra=-
cted or produced, In general, it includes the quantities consumed by
the pfoducer during productioﬁ operations as well as supplies to other
producers of energy for transformation or other uses., Data for natural
gas excludes the amount flared, represured, reinjected and wasted,

as well as the shrinkage dus to the extracfion of natural gas liquids.,

Imports refer to the quantities of primary and sscondary energy
brought in from other countries. Transit trade is excluded from this

categorye.
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Exports refer to the amount of primary and secondary energy

supplied to other countries. Transit trade is excluded.

Sea and aviation bunkers refer to the quanfities of fuels deli-
vered to sea-going ships or aifcraft, whatgver their flag, engaged
in international traffic. Daliverieg to ships engaged in trahsportvin
inland and coastal waters,‘or to aircraft engaged in domestic flights,

are not included.,

Stock changes (at producers, importers, suppliers and large-
scale industrial consumers) refer to the difference between stocks of

fuels held at the beginning and end of the year under review.

Total availabil{ty of enargy supplises refer to the inland availa=~

bility of energy for conversion'or consumption purposes,

Consumption by snergy sector comprises the quantities of energy
(either purchgsed or taken fraom own output) used by producers and
converters for operating their installations° ‘It includes the energy
consumption'of compressor and pumpiﬁg stations of pipelines, as well

as the station use and loss oflslaptric power plants,

Losses in transport and distribution refer to the losses of
electrical energy, natural gas and derived gases which occur outside

the utilities or plants,
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Consumption for honeenérgy uses refers to the quantities of energy

consumed as raw materials by the chemical industry and_that consumed in
non-energy applications (buitumen, lubricahté, waxes, etc.) in ather
sectors of qoncﬁmptien for lubrication and road,surfacing; The petro-
chemical industry is takep as a spa#ial case here in that the quantities
consumed are net quantities, i. s, éfter deduction of petroléum products

returned to refineries or sold in the market,



APPENDIX (II)

'General Structure of trke Mational Energy Salsnce Shaest For Egypt

Year: "

Unit: thousand taons of oil equivalent
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Total Availability of eorergy supplies
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