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1. Introduction

Devclo.pment of a consistent and compreﬁcnsive energy policy for improving the cnergy
efficiency of the ccononiy is considered as the most important energy issue in the Islamic Republic of
Iran. The main objective of such a policy is ‘to provide a means of establishing an efficient,
economical and reliable energy supply system which will be compatible with social development and
environment. To achieve this objective,'thé Plaﬁ & Budget Organization (PBO) in the ITslamic -
Republic of Iran has organized a study of "Compfchensive Energy Development Plan", The ultimate
goal of this study is to prcpare information and a rational and scientific basis for development of long

- term energy strategies.

’-l"‘hc':. Institute fdr Research in Planning and Development (IRPD) in the Islamic Republic of Iran
has been assigned by the Plan & Budget Organization to carry out the project on preparing the
"Comprehensive Energy Development Plan”. This study has been organized at the IRPD in
collaboration with Sharif University of Technology (SUT) in the Islamic Republic of Iran since
November 1992,

Coinprehcnsive energy studies include five major wo'rking groups, which are being organized
under the management of the project.. Outline of the organization of the study on " Comprehensive
Energy Development Plan " is shown in Figure 1.1. The major areas of study are:

a) Developinent 6f Energy Data-Base

b) Analysis of Econemic Development

c) Analysis of Energy Demand

d) Analysis of Energy Supply System

e} Review of Energy Market
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1.1 Technical Cooperation

In order to support the efforts of expert working groups in the process of preparing the
"Comprehensive Energy Dévelopment Plan", technical and scientific cooperation in the field of
encrgy studies were sought by the Plan & Budget Organization (PBO) . In response to the request of
the Government of the Islamic Republic of Iran, the Government of Japan agreed to cooperate in
energy studies. According to this agre'ement, the study has been undertaken jointly by the Plan &
Budget Organization (PBO)'of the Islamic Republic of Iran and Japan International Cooperation
Agency (JICA} ,based on the division of undertakings of each side.

JICA entrusted the undertaking of the Japanese side of the study to the Institute of Energy
Economics, Japan (IEEJ) in February 1992, Thus, IEEJ has been acting as counterpart to IRPD.

1.2 Division of Undertakings

The collaborative study of the " Cox.np'rehensive Energy Development Plan" has been organized
according to the division of undertakings (sce Fig.1.2). According to this division of work, the
Iranian expert team is mainly responsible for the following activities:

" a) Development of Energy Data-Base

b) Analysis of Economic Development
c) Analysis of Energy Demand

d) Analysis of Energy Supply Syst'e.m
e} Review of Energy Market

The JapaneSe expert team is responsible for conducting energy studies in the following areas:
) Energy Conservation
2) Energy-E_nvironmcnt Interaction

h) Training Iranian experis in the area of energy conservation and environmental analysis
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1.3 Reports of the Collaborative Stundy

Both Iranian and Japanese expert teams were expected to carry out the study and to prepare the
reports jointly. The following six rcports have been prepared in the process of the present technical

cooperation.

a) Inception Report (IR)
Inception report provides an outline of the framework of cooperation and the basic approach

that should be taken. This report was prepared in March, 1992,

b) Progress Report (PR/1)
Progress report 1 describes the outcomes of the activities in the first stage of the study.

Progress report 1 was preparcd in March, 1993.

¢) Progress Report 2 (FR/2)
Progress of activities in the second phase of the collaborative study is reported in Progress

Report 2. PR/2 was prepared in August, 1993.

d) Interim Report
Interim Report follows the Progress Report 2 and it includes the preliminary conclusions

and recommendations of the study.

e) Draft Final Report
The findings and conclusions of the collaborative study arc summarized in the Draft Final

Report.

' 1) Final Report

Final Report is the conclusion of the collaborative study.






2.  Economic Development
2.1 Introduction

Economic development in the Islamic Republic of Iran is dependent on the energy export and
the changes in the world encrgy market. Export of energy is an important source of foreign exchange

revente aisd oil revenue contributes greatly to the government expenditure.

Economic development is associated with the changes in the production processes, production
technologies and living standard of the populati(.)n.' Structural changes in the social and economic
system lcads to the mechanization of production processes, which is followed by increased labor
productivity. As a consequence of these changes, encrgy intensity in the economic and social sectors

rises. -

Interaction between energy sector and economic growth has been developed cxtc.nsivcly in the
last three decades, and as a result of that, sustainable development of the economy is conditioned 'by
solving méior energy-economy issues. The most important energy-economy issucs of the Islamic

Republic of Iran may be Summarized as follows:
(1) Impact of changes in world cnergy market

. Changes in the world cnergy demand results either in an increased or decreased export of
energy carriers. Reduction in the oil price leads, on the other hand, to decreased marginal energy
revenue. Varation of energy export or cncrgy'pricc influence the forcign exchange revenue of the
'country, dIld it has tremendous impact on the import of consumer and capital goods. A fall in import
of Cdplia[ and intermediate goods teduces the activity level in the economic sectors. Production of

- goods in the domestic market is then disturbed.
(2) - Dependence of the economic growth on oil revenue

Dependency of the foreign exchange revenue and the govemment budget on the development

of the oil export and cxhaustibility of fossil energy resources is an important issue of the energy



sector. With the development of economy and improvement of the living standard of the population,
domestic consumption of energy increases, and allocation of a large share of_oil reserves to domestic
use becomes necessary. Dependency of the economic growth on the oil revenue requires that the
export of oil develops in such a way that the demand for foreign currency is met. Other aspect of this
situation is the exhaus'tib'ilit.y of oil reserves. Competition between domestic energy consumption and
export.of the fossil energy carrie's, as a source of foreign exchange earnings, is intensified by the
depletion of oil reserves. Hence, shadow prices of oil in underground increases. Optimal allocation of
exhaustible encrgy resources in the process of cconomic development and estimation of the shadow

prices of depletable energy carriers are considered as important energy issue of the country.
(3) Impact of social and economical development on the energy sector

An important aspect of energy-economy interaction is the development of energy demand in
socio-economic sectors. Growth of production, changes in the structure of the economic system and
improvement of the living condition of the households are major determinants of energy demand. A |
thorough and detailed analysis of energy demand in social and economical sectors requires that data
on the development of production level and share of economic sectors at the éggreg;ifed 'Ilevel is
available. Such information can reliably be obtained through the analysis of the allocation of natural
exhaustible resources in the process of the development of the economy, Importance of optimal
allocation of exhaustible cnergy resources to the domestic consumption and energy export
nccessitates that utilization of energy sources is studied in the framework of economic development.
The aim of such study is to provide information on the energy export required for a sustainable
development, economic growth, changes in the structure of the cconomy, and the shadow prices of .
exhaustible energy resources. To achieve the aforementioned objectives, a model of "Optimal
utilization of Exhaustible Energy Resources” has been developed in the course of comprehensive
energy development studies. This model is included in the set of energy models that are used for

comprehensive energy studies.

‘Inclusion of a macro- economic model on the "optimal utilization of exhaustible energy

resources” in the set of energy models provides a means of achieving the following tasks:

a)  Evaluation of the optimal allocation of fossil energy resources between domestic consumption



and export is made possible.

b)  Macro-cconomic model cnables the estimation of the trend of cconomic growth and changes in

the structure of the economic system,

¢) . The developed macro-economic model provides a means of cvaluating the development of the
shadow prices of exhaustible energy resources. The macro-cconomic model for the evaluation
of the optimal allocation of energy resources has been applied in studying the cconomic

development.

Application of this model and the most important results that have obtained are being reported.
In the present report, the economic development and export of energy is reviewed. In this section the
development of production and expenditure of gross domestic product (GDP) is summarized. This
part of the report is them followed by a brief description of the basic structure of the model. The last
section is then devoted to the presentation of the major results of the aﬁalysis of the macro-cconomic

development,



2.2 Economic Development and Export of Energy
2.2.1 - 'Trend of Production, Consumption, and Investment

Devclopment of economy has ex'pcricncc.d a gfadual rise of production level in the period 1959-
78 and total gross domestic product (GDP) in constant prices of 1982 increased from 2,000 Mrd.Rs/a
n 1959 to 1'1,000 Mrd.Rs/a in the last year before the Islamic Revolution (Sce Figure 2,1). In this
period, the foreign trade balance had remained positive and it has contributed to the growth (:)f GDP.
Positive foreign trade balance was largely due to the increasc in oil tevenue, which was originated

from rise of oil price and its export level.

- After the Islamic Revolution in 1979, the trend of GDP has .changed and ups-and-downs are
observed ﬁ'equcntiy Apart from poli'tical' upheavals and the impact of Iraq war, ‘the decrease in gross
domestic product (GI3P) per capita was caused by the lower level of oil export and declinc of oil price
in the international encrgy market. The pohcy of the govcrnment after the Islamic Revohltmn has been
to reduce the energy export and to respect the agreements in the OPEC, with regard to the productlon

quotas.

Private consumption has constituted a major part of the gross domestic product. The total
private consumption increased from 1,900 Mrd.Rs/a in 1959 to 7,500 Mrd.Rs/a in 1977, in constant
prices of 1982, In the last decade, the private consumption has followed the trend of gross domestic

product.

The share of investment in GDP (in constant prices) was at a low level of 5% to 10% in the
period 1959-1973. After this penod the investment level increased and its share in the GDP has been
changing in the range of 15% to 30%. This observation shows that
increase in oil revenue has contributed to the investment level.

2.2.2 Production Sectors

Contribution of economic sectors to the gross domestic product {GDP) has been changing in

the last three decades (See Figure 2.2). the share of industry in GDP has increased from a% in 1959
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to b% in 1977 and has remained in the range of ¢-d% since them, A major feature of the economic
system is the high share of oil sector in GDP. The share of oilllin GDP was a% in 1959 which
increased to b% in 1977. Rapid rise of sharc of oil in GDP was due to higher oil prices in the world
energy market. After the Islamic Revolution in 1979 the share of oil in GDP declined to é% in 1981
and d% in 1990. |

The characteristics of economic development in the last decade is that share of agriculture in
GDP has increased from a% in 1981 to b% in 1990. In this periods production in agriculfurc has
largely contributed to the deVell)phlcnf of GDP. .H.istoric'al obscrvations depicted in Fig 2.2 show that
the changing trend of GDP in the' period ‘197'7-1990 was dominated by the variation in the activity
level of oil sector. Lower value-added of oil sector in 1981 caused a decline of GDP and its
improvement in 1983 a.nd_ 1984 was .due to the increased oil revenue- in fhat- period. Stagnation of

GDP in the period of 1985-89 was caused by the intensification of fragi-s war.

223 Production and Consumption

Private consumption in urban arcas has increased from 677.2 Mrd. Rs/a in 1959 to 3449.5
Mrd.Rs/a in 1977 (See Figure 2.3). The increasing trend of private consiumption in urban areas
continued in the last decade and reached fo 5128.9 Mrd.Rs/a in 1990. Pﬁvatc consumption in rural
areas has been changing very slowly. In the period 1959-73, it remained almost constant and then
started to incresse gradually and reached to 2252.4 Mrd.Rs//a in 1985. Rural houscholds with a share

of 40% in total pbpulation in 1990, had uscd only 30% of total priVétc consumption.

Government expenditure has risen from 173.5 Mrd,Rs/a in 1959 to 2379.4 Mrd.Rs/a in 1976,
In the period 1973-85, when the oil revenue was at a higher level, the government expenditure
constituted a considerable share of total expenditure. With decrease of oil revenue, government

expenditure stagnated.

Comparison of total expenditure and gross domcéti_c;produc_t inﬁicates that the share of private
consumption in GDP has been considerable. This feature of the economy has serious consequences
in the process of economic development., The difference between GDP and value-added of oil sector

represents the gross domestic product which has its origin in the production sectors of the cconomy
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that produce goods for domestic cohsumpﬁon and exporting them. If the total value-added of non-oil
sector is represented by GRP (GrosS Regionat product), it will be obscrved that the total expenditure,
i.c, sum of private and public expenditure, is approximately czjﬁal to GRP {Sce Figure 2.4). 1t states
that the net production of the economic scctor has been consumed and they had seldom contributed to
the expansion of the production processcs. In other words, the investment and cap.it'al accumulation in
the last threc decades has had its bases in the oil revenue. In total, the economic sectors were not able

to suppor't their expansion.

A sustainable development of the economy requircs that the productive capabilitics in different
sectors is expanded and paﬁ of production is allocated to capital formation. If the achievement of such
an objective is pursued together with .maintaining the present level of living standard, an improvement
of the effectiveness of prbd_uction factors, enhancement of production efficiency, and Optimizatidn of

consumption pattern will be required.
2.2.4 Investment

Share of investment in gross domestic product (GDP) reached to the highést level of around
30% in 1976, when the expurt' of oil was at the maximum level in the last three decades (Sce Figurc
2.5). It has then declined to less _thén 151% in 1990. In the course of last one and half decades, it
reached to a lbcal maximnum of about 22% in 1983, when the oil revenﬁc was increased due to a rise
in the encrgy prices in the world market. The trend of the Shafc of total investment in GDP shows that
the energy export has contributed to the capital accumulation and has been the major soﬁrcc of the

development.

Decomposition of total investment into its elements indicates that investment in construction and
building has constituted a considerable share of total investment (See Figure 2.6). The sharc of
investment in building has been a% in 1976 and it has remained at h_ighef level since then.

2,25 Foreign Trade

Balance of trade in the last three decades has been pdsitivc in géneral (See Figure 2.7). This

situation has been the outcome of rapidly increased oil revenue, which was due to rising energy

.ﬁl4_
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Fig. 2.6: Trend of investment in Construction & Machinery
and Total Investrment (at Constant Frices of 1367)
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prices in the international energy market. With the fall of oil revenue, the positive foreign trade

balance has been declined in the last decade.

Increased foreign (_:xchangc rescrve has motivated a rapidly rising demand for imported goods
in the period 1975 ~ 89 (Sce Figure 2.8). Composition of the imported goods indicated that import of

intermediate goods has constituted a major clement of foreign trade.

This situation shows, on the other hand, that the productive _séctors of the cconomy are highly
dependent on the international markets and changes in the world cconomy do have tremendous impact

on the economic growth.

Fig. 2.8: lnport of Consumer, intermediate and Capital Good's
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2.3 Model for Anatlysis of the Economic Development
2.3.1 Economic Issucs

A review of economic development in the: last section reveals that the economic growth is
highly dependent on the oil revenue, Continuation of production process is conditioned by the
availability of the intermediate goods, which is mainly imported. Expansion of production.capac'ities
has been supportcd by the income from the energy export in the last three decades. Any structural and
technological changes in the production processes can be achieved in the present situation, when a
source of income outside the cconomic sectors is available. Théréforc, export of energy provides an
important source of economic development. Utilization of oil revenues for maintaining a sustainable
development and rcducing the dependency of the economy on the export of oil is an important issue

of the cconomic development.

0Oil is a source of energy, which contributes to the domestic energy consumption, and its export
is required for suStaining the development of the ccbnomy. Increasing energy consumption together
with export of oil leads to rapid depletion of energy reserves. As a consequence of this situation, the
shadow price of exhaustible energy resources increases. Shadow price of energy indicates the
scarcity of the resources and signals out the iﬁportance of the 6ptima'1 utilization of oil and gas in the
process of cconomic development. Shadow price of energy sources provides information on
appropriate allocation of oil and gas for domestic consumption and export. Therefore, evaluation of

the shadow price of energy sources is vital task of encrgy planning.
232 Outline of the Model

To study the optimal utilization of energy resources, a macro economic model bas been
developed. The macro-economic model is based on the optimal control methods and it helps to

identify the optimal path of the development of the main economic indicators.
Dcvclopmcnt-df population and its distribution in rural and urban areas are exogenous

parameters of the model. Based on the growth of popﬁlation, the labor supply is estimated. The

private consumption in rural and urban areas are distinguished from each other and its maximization



during the planning horizon is considercd. Maximization of private consumption gencrates final

demand for goods.

Final demand for goods is met partly through domestic production, and partly via importation
of required commodities. Development of demand for final goods necessitatcs the cxpansion of
production sectors and- stimulates dcmaﬁd for investment goods. Similarly, the demand for

investment goods is met through domestic production and impozt.

Goods produced in the economic sectors are used for supplying the consumers with final
consmn':p'tion, intermediate and capital goods. Part of the produced commodities in the domestic
market arc also exported. Ekport of goods consists of export of ol and gas and non-oil- commodities.
Ex'poﬁ of non-oil commodities is considered as a function of production in different economic
sectors. The balance between import and cxport of goods is taken as the balance of foreign trade.
Foreign exchange reserve is then related to the balance of trade through a dynamic inventory

equation,

Fossil cnergy resources arc used both for domestic consumption and export. The trend of
domestic enefgjf constmption is considered as exogenous variable in the model and export is taken as
indigenous variable, The fossil energy reserves in each period are evaluated through a dynamic
equétion and it is related to the export, consumption level in each period and reserves in the previous

period.

The sum of total private and pﬁblic consumption together with investment and balance of

foreign tradc is then taken as equal fo the total gross domestic product in each period.

The in_tcrfclationships between consumption, production, investment, population, import and

| cxport in cach period define a set of feasible options of economic development during the planning
horizon, In order to select the most appropriate feasible option, an objective function has been defined

as a criterion. The objective function is taken as total private consumption plus the total capital stock

and value of energy Teserves at the end of plannihg horizon. The goal of this study was to maximize

the sum of discounted value of the objective function over the planning horizon.
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2.4 Kconomic Deveioprﬁent

Economic dcv'clopmcnt has been studied With the help of 'the f_nacro-cconomic model. The
objective of this study was to obtain information onthe general trend of macro-cconomic indicators
and to identify the impact of various cxogenous -parafnctcrs of ‘the model on the economic
development. To achicve this objcctive; a reference scenario has been defined. The reference scenario
does not miean that the development paths in this case will be highly probable, but rather it presents a
scale for comparing trend of cconomic growth in différent condition. Comparison of the ﬁ:suits of the
model in different cascs will provide information on the extent of the impact of various energy

policies on the economic development.

In the next part of this scction, the framework of the reference scenario is defined and trend of
major exogenous variables is presented. Description of scenario is then followed by the presentation
of the basic results of the reference sccn_ario. Then, the impact of changes in exogenous parameters

on the economic development is discussed.
2.4.1 Reference Scenario

The most.important £X0genous pifameters of the models are population, price of oil in the
~world energy market, and domestic consufnption of oil, gas and electricity. Figure 2.9 shows the
trend of total and urban population growth. Total population rises from a mio person in 1990 to b
mio.persons in 2021. The reference scenario for the p_.ri.ce of oil in the world market and domestic
consumption of oil are depicted in Figure 2.10. Price of oil gradually increases from:$16.7/bl in 1991

to $25/bl in 2021 in constant prices of 1991. Domestic consumption of oil goes up.-

Figures 2.11 and 2.12 show the -assumed future trend of domestic consumption of electricity
and natural gas and their ratc of gr:()v;ffh respectivi_:ly. Consumptidn of clecfﬁcity increases from 50
GWh/a in 1989 to 400 GWh/a in 2021 and demand for natural ﬁgas' rises from 50 Mrd.m3/a in 1989 to -
- 1300 Mrd.m3/a in year 2021. | |
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2.4.2 Summary of the Result of the Reference Scenario

Devélopmcnt of the gross domestic production (GDP) and GDP per capita (in constant prices of
1982) are depicted in Figure 2.13. GDP increascs from 10 Mrd, Rs/a in 1989 to 24 Mrd.Rs/a in

2021. GDP per capité rises initially, but decreases in the last decade.

Changes in the structure of the cconomy is also obscrved. The share of mining and industry in
GDP increascs from 13.6% in 1989 to 19.2% in 2021. The share of agriculture and scrvices in GDP

remain almost constant.

- Private ConStlmptibn in urban and rural areas riscs from 4,246 and 2,052 Mrd.Rs/a in 1989 to
10,572 and 5,998 Mrd. Rs/a in 2021, But the government expenditure remains at the present level of
1,300 Mrd.Rs/a (Sce Figure 2.14).

Capital formation rises very rapidly in_thc next three decades. 'Total'czipital stock accumulates
from 19000 Mrd.Rs in 1989 o 50000 Mrd.Rs in 2021. It can be observed in Figure 2.15 that the
trend of capital formation is supported by rapid rise of investment dun'ﬁg the planning period and the
level of investment goes up by atmost four times and it reaches the level of almost 3_500 Mrd.Rs/a in

2021,

Development of foreign trade indicates that the import of consumer goods is to be limited and
considerable changes is not observed (See Figure 2.16). Import of capital goods rises rapidly in the
initial periods, and its level does not show any changes after 2010. But import of intermediate goods

continues rapid increases and it constitutes a considerable share of total import.

Export of non-oil goodé gbcs up very rapidly and it rises by two and half times in the period
1990-2021 (See Figure 2.17). Export of oil increases gradually and it remains at the level of about
2000 Mrd.Rs/a after year 2000.

Figure 2.18 shows the dcv&_:lqpment of the shadows prices of crude oil and foreign currency.

Shadow price of oil rises from $5/bl in 1991 and it reaches a level of $40/bl in 2021. The rate of

~increase of shadow pficés of oil is 7%/a which is equal to the real rate of return of capital, that is

-3
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considered as exogenous variable in the model. The trend of shadow price of oil shows that cnergy
resources are valuable scarce commodities and the scarcity of this resource will have considerable

impact on the economic development of the country.

Shadow prices of the foreign exchange rises from 250 Rs/$ in 1989 to just about 550 Rs/$ in
2021. Increase in the import of intermediate and cépital goods stimulates higher demand for foreign
currency and the rapid depletion of energy resources and limitation on the export of cnergy reduces
the potential of forcign exchange carnings. As a consequence of that, excess demand for foreign

currency comes to effect and the shadow price of forcign currency rises.
2.4.3 Impact of Oil Prices on Economic Development -

In order to study the impact of the development of oil prices on the development of economy,
differcnt scenarios of oil prices in the world market is considered. The basic scenarios are shown in
Figure 2.19. Scenario POIL-3 depicts a situation, where oil prices rises rapidly and reaches a level of

$35/bl in the year 2000.

Scenarios POIL-1 and POIL-2 shows lower growth rate of oil prices during the planning
horizon. In the case of scenario POIL-4 the price of oil in the world market is assumed to rise to

$20/bl in the year 2021.

Figure 2.20 shows the development of GDP in various cases of oil prices. Higher energy
prices in the world market increases the potential of economic development. As the energy prices go
up, the possibility: of accelerating the process of economic development widens to a large extend,
2.4.4 Impact of Domestic Energy Consumption

To study the impact of domestic energy consumption on the economic development, two
further scenarios of the rate of growth of domestic energy consumption are considered (Sce Figure

2.21).

- Scenario DOIL-1 represeits a case, where moderate encrgy conservation policy is pursued and
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as a result of that the rate of growth of the cnergy consumption is reduced to the 50% of its present
value in the year 2010, In the sccond scenario, it is assumed that an acceleration of encrgy
conscrvation in ditferent social and economic Scctgfs is pﬁrsucd. As a consequence of promotion of
rapid cncif'gy conscrvation, the rate of growth of domestic energy consumption in the year 2000 will
be the 50% of its value in 1990.

Analysis of the impact of the promotion of rapid energy conservation indicates that in the case
of scenario DOIL-2, the gross domestic product (GDP) rises with an average annual rate of 8%f/a in
the period 1994-2021, Comparison of scenarios DOIL-1 and = DOIL-2 with .thc reference scenario
reveals the fact that the promotion of cncrgy conservation in the domestic market provides an

impressive potential for the economic development of the country.

Witﬁ the promotion of rapid energy conscrvation, the constraints on the fossil energy ICSOUICES
and foreign exchange reserves arc relaxed, and as a consequence of that the shadow prices of oil and
foreign exchange reserve arc reduced. This point‘can be observed in the Figures 2.22 and 2.23. In
Figurc 2.22, the trend of shadow price of oil in the case of scenarid DOIL-2 remains at the lowest
level. In Figurc 2.23 it is seen that the shadow price of foreign exchange reserves follows a lower

trend in case of DOLL-2 than in other scenarios,
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2.5 Summary oi‘ the Results

A review of the results of the model in the reference case and its comparison with the scenarios
on the oil prices and rate of growth of domestic energy consumption indicates that export of encrgy
resources is an unavoidable task of the economy, and as a consequence of that the economic

development is influenced by the changes in the foreign exchange revenue from the energy export,

Increasc in energy prices provides a potential for accelerated economic devclopmeﬁ!. Stagnation
of energy prices in the world market tesults in many difficulties in the process of economic
development. Relaxation of the limitation on the energy export can be conceived of as an important

source of economic growth.

Relaxation of the constraints on the cnergy cxport requires that energy saving m the domestic
market is promoted. Promotion of energy conservation in the domestic market has two important
outcomes. Reduced growth rate of domestic energy consumption leads, on the one hand, to lower
investment requirement for the expansion of the energy supply system and less import of capital and
intermediate goods in the energy sector. On the other hand, declining growth rate of domestic encrgy
consumption results in relaxation of the constraint on the export of energy resources and to lower
shadow price of oil and foreign exchange reserve. In this case, thé potential of the economic growth
increases. Therefore, promotion of energy conservation in the domestic market provides a reliable

and promising option for economical development of the country,



3. Development of Energy Requirement

3.1 Introduction

Development of domestic consumption of cnergy plays important role in the process of
economic growth, Increase in domestic cnergy consumption, ‘on the one hand, leads in rapid
‘depletion of energy reserves and it limits the potentials of energy export and foreign exchange
carning. On the other hand, rising energy demand would require higher investment in the energy
sector, which limits the availability of foreign exchange in other sectors of the cconomy. Hence,
shortage of foreign currency results in bottle-necks in the process of the development of other sectors

of the econeiny.

Analysis of the impact of energy demand on the potentials of energy cxport and investment in
the energy scctor is an important task of comprehensive energy planning. Encrgy demand in different
social and economical sectors has been studicd in detail. The main objective of this study has been to
~ identify the trend of development of energy demand and to obtain information on the impact of

social, economical, and technical changes on the consumption of energy carriers.

To achicve the objectives of the analysis of energy demand, distinction has been made between
useful energy and final encrgy demand. In the present study, uscful energy demand is first studied, in
order to project energy requirement in the process of development. Then, to meet the useful energy
requirement, optimization if the energy supply system has been considered, in order to identify

" optimal strategies.

In this case, it has been pdssiblc to- study the development of fuel mix, substitution of energy

and productions factors, and alternative technological options that are available in the energy sector.

In this chapter of the present report, detailed analysis of energy demand will be described.
First, energy consumption in households, industrics, and transport sectors will be outlined. Then,
after a brief &escriptioﬁ of the approach adopted in studying the energy demand, the main results of

. the analysis will be summarized.
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3.2 Energy Consumption in Social and Economical Sectors

3.2.1 Households

Final energy uses per unit of private consumption in urban areas has increased from 5 BOE per
million Rials of private-household consumption (in prices of 1982) to 15 BOE per million Rials in 19
90, which corresponds to an average annual growth rate of a%/a. Encrgy uses per unit of private

consumption has remained almost constant during last decade (See Figure 3.1).

Fig. 3.1 Final energy uses per unit
real exp. in rural and urban-hous.
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Distribution of final energy consumption in rural and urban areas indicate that in 1982 more
than 50% of final encrgy carriers was consumed in urban arcas, and then this share increased to about

60% in 1990(Sece Figure 3.2).

Fuel mixes of final energy consumption indicates that the share of traditional fucls in final
energy consu.mption of households has undergone a declining trend in the last decade and it has
decreased from a% in 1982 to b% in 1990 (See Figure 3.3). Structures of final energy consumption
in urban and rural areas in the 1Figﬁre 3.4 and 3.5 show that traditional fuels have contributed to more
than 50% of energy consumption of rural households. But, the share of trad:itionai fuels in final
energy consumption of urban houscholds was a% in 1982, which has fallen to houschold b% in

1990.

_ D:ffercnccs in-the ‘;tructure of ﬁnal energy consumptlon of rural and urb'm can also be observed
between households in various income © groups in urban and rural arcas. Figures 3.6 to 3.13 show the

consumption of final energy carriers in different expenditure groups in urban areas.

These figures reveals three major devclopments, First, the total encrgy consumption of
houscholds in the higher income groups has had an increasing trend. Second, share of natural gas in
final energy consumption of houscholds has bcen.rising. Third, housebolds in higher expenditure
groupé consume much more energy than households in the lower expenditure groups, which stems
from the fact that households in higher expenditure groups cnjoy a better living standard than the

population in lower groups.

: Cornpdnson of final energy con‘;umptlon in dlfferent expendlture groups in rural areas shows
that the increase in final energy consumptmn of households in higher expenditures groups has been
lower than in lower expe_ndlture groups of urban areas. In mural areas, traditionat fuels are important
element of final energy consumption. Consumption of natural gas in rural houscholds has been
increasing, but its share is stili much less than the contribution of petroleurn products to the final

energy consumption.
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Fig. 3.6: Developement of energy con.
of a family in urban areas (1361)
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Fig. 3.11: Devalopement of energy con.
of a family in rural areas (1363)

Fig. 3.10: Developement of energy con.

of a family in rural areas (1361)
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Difference in energy consumption of households in expenditure groups in i‘urai and urban areas
is much higher, when the uscful cnergy requirement of households is (_:omparéd. Figures 3.14 to 3.2
1 reveal ihe fact that availability of encrgy in houscholds of expenditure groups in rural and urban
areas can be diStinguishcd. Population in higher expenditure gfoups enjby a better living standard,

and hence require more uscful energy to sustain their living condition.
3.2.2 Energy Consumption in Industry

Industry is a growing scctor of the economy and ité share in GDP ( in constant prices) has
increased from 5% in 1959 to more than 15% in 1990. Expansion of industrial activity. has been more.
rapid in thc last decade especially.:Figure 3.22 indicate the development of GDP and value-added of
industry in the period 1959-1990. Changes in the share of industry in GDP is depicted in Figure 3.2
3. This figurc also shows the trend of the share of industry in GRP ( Gross Regional Product ), And
it represents the fact that the contribution of industrial activities to the gross regional product, i.e.
gross domestic product minus the vatue-added of oil sector, has increased more tapidly in the recent

years.
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Fig. 3.14:Dev. of useful energy cons.
of a family in'urban areas (1361)
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Fig. 3.18: Dev. of useful energy cons.
of a family in rural areas {1361)
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With increased contribution of industry to the economic growth, the encrgy consumption in this
scctor has risen. Figure 3.24 shows the trend of total ¢nergy consumption in large industrics and the
development of the share of industry in final energy cohsumptibn can be observed in Figure 3.25.
Fuel mix of consumed ecnergy in large industrics is presented in Figure 3.26. It is noticed that
petroleum products are the major constituents of ﬁnél cnergy consumption. The share of natural gas
has been increasing, and it reached just a bout 40% in 1990. Contribution of natural gas to the energy
consumption in industry is conditioned by the availability of natural gas and supply constraint is a

major determinant of the share of natural gas in eéncrgy consumption.

Fig. 3.24: Energy consumption in -
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Fig. 3.25:: Share of industry in
energy consumption
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Distinction between sub-sectors of industry indicate that non-metal mining industry is the
largest industrial energy consumer in the country . More than 30% of final éncrgy consumptidn in
targe industrics was attributed to non-metal mining industries in 1971 and increased to more than 4
0% in 1990 (See Figure 3.27). The other largest industrial energy consumers are basic metal and
food and drinks industrics respectively. More than 70% of industrial energy cdnsumption takes place
in the aforementioned sub-sectors of industry. Production in the industrial sector has g_(mc under
changes in the last two decades. Variation in the valuc-added of industry has been catised by the
social and political changes after the Islamic Revolution in 1979 and the war. Trend of energy
consumption and valuc-added indicate that total energy c0nsumptibﬁ has increased in the recent years,
although the activity level has declined in some years. This is mainly due to the fact that pfoduciion
capacitics were under utilized. This point many be explained by the trend of an indicator of under
utilization of existing production capacitics. To this end, the ratio of valuc-added to capital stock of
industry (in constant prices) has been estimated and it is used as an indication of under utilizétion of
production capacities. It can be observed in the Figure 3.28 that the ratio of value-added to capital

stock has fallen, This situation results in increased energy intensity i industfy.



Fig. 3.27.: Share of major sub-sectors In
the energy consumption of industry
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323 Energy Consumption in Transport

Transport sector is an important clement of the economic system and technical infrastructure of
the country. The share of transportation in GDP was just above 3% in 1970_, but it increased rapidly
in the 1970. It was more than 6% in 1990. Figure 3.29 shows the trend of value-added in transport
sector in the last two and half decades. I_li this _'diagran.l, it may be observed that the overland
transportation (i,e. road and rail trans’poﬁatibh ) has the largest share in the activity level of the

transport sector, which was more than 90% in 1987.

Fig. 3.29: Value added of transport
sectors fixed prices of 1361
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Passenger transportation and freight are the major sub-sectors of the transport sector. The
“activity level of passenger transportatioln increased by 'fnore than four in the period 1970-90. Total
activity of pass'chge'r transportation was 170 bitlion passenger-kilometer in 1990 (Sce Figure 3.30).
Road transportation had the 'largcst' share, which is attributed to private cars, mini-bus, and bus

mainly.

The activity level of freight also shows a rapidly increasing trend, and it has risen from 19
billion t-km/a in 1970 to more than 100 billion t-km/a in 1990 (See Figizl'e 3.31). Trucks are the
dominant means of transportation. Fuel consumption in transport sector has increased from 12 Mio.
BOE/a in 1970 to 70 Mio. BOE/a in 1990. More than 50% of final energy consumption in the
tran'splort sector is allocated to truck. The second largest consumer of final energy in the transport
sector is private car (See Fiure 3.32). About 70% of transport energy consumption is attributed to

trucks and private cars.

Fig. 3.30: Activity level of passenger
transport modes
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Fig. 3.31: activity of. rnodes in
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3.3 Model for analysis of energy demand
3.3.1 Issucs of energy demand

A review of final cnergy consumption in various sectors of the social and economic system
reveal that increasing trend has been the most important feature of energy consumption in the last two
decades. Increase in population, economic growth and improved' living condition of the population

were determinants of rising energy demand.

Acloser look at the energy consumption pattern shows that households in urban areas have a
larger share in energy consumption than population in rural arcas. Energy consumption in different
cxpenditure groups can be distinguished clearly. Houscholds in higher expenditure groups consume

more final energy than families in lower expenditure groups.

Encrgy.consumption in industry conditioned by the changes in the structure of the industry, and
more than 70% of final industrial energy consumption is used in sub-sectors of basic metals,
non—mcfallic_: mining, food and drinks industries. Undercapacity utilization in the production
processes has had a considerable impact on the'cncrgy intensity; and as a consequence of that energy

productivity has declined.

In the transport sector, the road transportation has the largest share in the energy consumption.
Mass transportation by railways has little contribution to the activity level of transport sector. In
addition, lack of modemization of the production lines of car manufacturing has resulted in

unchanged trend of final energy intensity in the transport sectors.

Development of energy intcﬁsity in transport sector indicates that there has been little changes in
the specific energy consumption of means of transport; Figures 3.33 and 3.34 show the final energy
consumption services. In both cases, decline in energy industry has been véry small. Since privatc
cars and truck are the main transport facilities, and a farge share of stock of cars and trucks have been
.manufactur_cd in the domestic market, but the pfoduction lines have not been modemnized. Therefore,

the ﬁfficicnéy of means of traﬁsportation has remained almost unchanged.
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- A detailed study of energy consumption in different sectors of the economy leads to the
conclusion that improvement of .encrgy consumption pattern in social and cconomical sectors and
encrgy demaﬁd management is the most important issue in the consumer scctors. Therefore,
evaluation of the energy demand management in various sectors and cstimation of the potentials of

cnergy conservation may be considered as essential tasks of energy planning in this country.
332 Outline of the Model

Energy demand model is an ‘analytical tool that is to be used for detailed analyéis of the
development of energy demand. Such a study is to help a better understanding of the impact of
technologicat and economical factors on the energy demand, on the basis of which rational decision
making may be founded. Realization of this objective requires that the analytical tools should provide

a means of studying the energy issues.

Based on the review of energy consumption and gools of economic development,an appropriate
demand model has been developed for studying encrgy demand. This modet is MODE-IT ( Model for
Analysis of Demand for Energy ).

Structure of the model MADEHI is .ShOWn in Figure 3.35. Model MADE—H is a simulation
model based on the engincering process technique. Ehergy demand in each sector is considered as a
function of activity level and energy intensity of each economic sectors. Activity level on economic
sector is determined on the basis of the economic growth and structural changes in the economy. This
information is obtained with the help of macro economy model that has been described in the first part

of the report.

Energy intensity in each scctor of the social and economical system is taken as exogenous
variable. Development of encrgy intensity is analysed throughﬂctailéd study of energy conéumpti()n
in different branches of industry and transport sectors. Such a study helps to identify major issues of
energy management in production and service sectors and to obtain information on the possibility of

improving energy consumption pattern through different technical and cconomical measures.

Analysis of household cnergy demand is based on the population growth and incomec



distribution. Population growth is considered as an exogenous variable, Income distribution is
assumed to be a policy oriented issuc. 1f the 'o'bjc'ctivc in the process of economical and social
development is to improve the living condition of poor households, this shall lead to movement of
population from low income groups to high income groups. Outcome of this process will be such that
with improved living condition of thc'poor population, consumption pattern of the population shall
change; and as a result of that, cnergy requirement of houscholds shall develop further.
The impact of income distribution on the encigy requirement of houscholds is represented with
the help of houschold section in the model MADE-II. This model provides an analytical tool for
" detailed study of the development of the cnergy requirement of houscholds, when the objective of |
improving the living condition of the poor is pursued in the process of economical and social

development.

The main features of the model MADE-II, that are being described, represent the energy issues
which are considered as important aspects of the energy sector in the Islamic Republic of Iran.
Application of such a model will provide a means of obtaining information on the impact of technical

and economical changes on the energy demand.
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3.4 Development of Energy Requirement

Energy planning. is conceived of as a process of preparing information on the development of
energy demand and supply balance and it is to facilitate the economic growth and improvment of the
living condition of the population. Such a task ncccssitatcs'that cnergy requirément in cach social and
economical sector is estimated; and then the means of supplying the energy needs is' studied with the
help of the models of energy supp.ly system. For this reason, the analysis of energy demand in the
present study was focused on the evaluation of the energy nceds in the economic sectors and
houscholds. Therefore, projection of useful energy demand, as a representation of the energy needs,
has been the subject of this study. Projection of the useful energy demand is then used in the cnergy
supply model, in order to evaluate different encrgy supply strategics. _Hencé,.r in the followiﬁg
sections, the projection of uscful energy demand in the social and cconomical sectors will be outlined

briefly.
3.4.1 - Useful Energy Demand of Households

To study the useful energy demand, the'distﬁbution of population in different expenditurc
groups is projected. Figurés 3.36 and 3.37 show the estimated share of cach expcnditurc group in
“urban and rural areas in population rcspecnvely The main assumption of the prescnt sceneries is that
-achievement of Ob_]ﬁCth{: of improving the living condition of the poor households is pursued in the
process of social and economical development. As a consequence of the nnplementatxon of such a
policy, household in low expenditurc groups will move to higher expenditure groups and their
consumption pattern shall be similar to the consumptibn of families that are presently in the higher
expenditure groups. In this case, total private consumption in urban areas will increase from 170000
Rs/capita in 1989 to 340.000 Rs/capita in 2021 (See Figure 3.38). Private consumptlon in rural arcas
shall under go little changes. This is partly due to the fact that part of the rural population shall
migerate into urban areas. On the basis of the above scenario, useful energy r;:quircmcnt in rural and
urban arcas shall rise from 37 PJ/a and 100 PJ/a in 1989 to 60 PJ/a and 320 PJ/a in 2021 respectively
(See Figure 3.39 and 3. 40) Structure of uscful cnergy reqmremcnt indicates that thermdi encrgy
nccdcd for cooking and heating shall be the main form of energy that is rcqmred in thc household

sector.
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3.4.2 Useful Encrgy Demand in Industry

Main forms of uscful energy that arc used in induétry are .procqs‘s hcat, motive power and
useful cnergy generated by electrical equipments. Duc to amb;iguity.of' the output of clectricat
appliances and lack of reliable data on such output, clectricity fcquircd to supply the output of
electrical appliances is termed as non-subititutable electricity. Figure 3.41 shows the useful energy
'rcquircmcnt in industrial scctor. Uscful cnergy demand inercases from 600 PJ/a in 1989 to 2,000
Pl/a in 2021. Process heat needed in industry has the highest sharc in the uscful energy requircment
of industry. The second largest share of usgfﬁl cnergy belongs to motive power, which is generated
aé mechanical energy in various proccSSés. _Non-élibstitutable.elcctricity has, on the other hand, a

share of less than 10% in total USeful'cn'érgy' requirement in industry. - -
34.3 ‘Useful Energy Demand in Transport

Uscful energy requirement in transport sector has been studledm three main sub-sectors of
transportation, namely urban .p'asse'n.gcr',' _'ihtefcify paSSénger:'trahsport; ‘and freight. In these
sub-sectors different modules of fransportation is cons_idére'd explicitly. In. this way, it has been
possible to study the impact of structural changes in the transmrt_seétor on the useful energy demand.
Figurc 3.42, 3.43 and 3.44 show the development of useful energy demand in_cliffcrcnt sub-sectors
of the urban, intencity passenger transport and freight. It is observed that in urban passenger
transport, private cars have a share of more than 70%. In the case of intereity passenger transport
large and small buses play a dominant role and their share in useful encrgy demand of this sub-sector
increases from 60% in 1989 to just 70% in the year 2021, Freight transportation is based on road

transportation, and trucks are the main means of transportation.

—60;



[PJia]

[Pdsa]

180
160
140
120
100

80

Fig.3.41 :Development of Demand for
Useful Energy in Industry

900
800
700 =
600 [~
500
400 -
300
200 |~
100 - §
1388 1373 1378 1383 1388 1393 1398 1400
Year
Fig.3.42 Development of Demand for
Useful Energy of UP__Trans.

: _ —
= UP_Car
= Taxi

» MC
B ]
UP_ M-Bus
B .
UP___Bus
B
UP__Trai

60

40 7

20

1368 1373 1378 1383 1368 1393 1398

Year

61—

1400




Fig.3.43 Development of Demand for
Useful Energy of IP__Trans.

50

40

- 1398

1393

1968 1373 1378 1363 1388

Year

Fig.3.44 Development of Demand for
Useful Freight Trans.

1400

1P_D-Train
P_E-Train

P_Air

300
250
260

150

[Pdia]

160

50

1373 1378 1383 1303 1398

1368 1368

Year

1400




4, Development of Energy Supply System
4.1 - Introduction

Following the analysis of cconomic development and a review of the trend of useful encrgy
demand in different social and economic sectors, the major question that had to be attended was
orgamzatmn of the cnergy supply system, in order to meet the cstimated uscful encrgy demand. To
this cnd, the analysis of the development of energy supply systcm is outlined in the present chapter.
First the encrgy supply model and the outline of the analytical approach will be described. Thereafter,
the framework of the study and structure of the main scenarios are presented. In the last section of the

chapter, the main findings of the analysis will be discussed.
4.2 Models and Methodologies
42.1  Basic Approach

The objective of energy supply analysis is to obtain information on the long-term devclopment
of the stmct'ufe of the energy supply system and to evaluate the appropriate technologies for
processing, conversion, transpoﬂatlon and transmission of energy carriers. In the course of this
study, it is intended to analyze the interactions between sub-sectors of energy system and to
investigate the dcvelopmcnt of optimal economical energy supply system, ‘which will also be

compatible with the environment.

Energy supply anzilysis will be based on the evaluation of the flow of energy through ditferent
stages of processing and conversion, and it will be founded on the Reference Energy System (RES).
Reference Energy System is in the form of a network which represents the flow of different energy

carriers through various stages of energy processing and conversion.
422 . Energy Supply Model

Optimal development of the energy supply system will be studied with the hclp"of model
MESSAGE-HI (Mode! for Energy Supply Strategics and their General Environmental Impact). This



model represents the integrated regional enexgy supply system; and it is a dynamié system based on
Lincar and. Non-Linear programining. With the help of this model, it is possible to identify the
optimal mix of energy processing, conversion, transportation and transmission technologics. It also
provu:les a means of estimating the impact of altemative energy supply strategics and to cvaluate the

compatibility of the energy supply system with the environment.

 Figure 4.1 shows different levels of energy supply system that arc represented in the model
MESSAGE-IH.

The information 1cqu1rcd for the appllCdthIl of the model MESSAGE-III in the framework of

C.E.P. study may be summarized as follows: |

a)  General information
(The main information include reference year, number of time period, length of each period,

number of regions, definition of ehcrgy levels, definition of energy carriers at each level)

b) Information on energ_y demand
(The main required information are definition of energy demand level, definition of load regions

for each energy carriers, energy demand in each region) -

¢) - Objective function
(The objective function may be defincd as minimization of total costs, -minimization of the

pollution of the enviornment, or combination of these criteria)

d) User defined relations

(Specific relations may be defined by the user of the model)

e)  Information on technologics ‘ _
(Input & output encrgies of technologies, cfflmency of the technoiogles plant life, plant factor,
fixed and variable costs of the technologies, emission of the pollutants and restrictions on the

application of the technologies)
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)

&)

Information on storage technologies
(Input & output energies, cfficiency of system, period in which cnergy is stored, period in

which energy can be extracted, plant life, plant factor, fixed and variable costs, restrictions)
Information on cnergy resources

(Reserve of primary energy carriers, world energy prices, fixed and variable costs of extraction

technologies of different grades of cnergy carriers)

—66—



4.3 Scenario Structure

Main determining factors of the development of cnergy supply system are trend of uscful
energy demand, price of energy in the international market, cnergy export renew réquircment of the
‘whole economy, load management, improvement of energy cfficiency, emission control of
pollutants, Combinations of different assumption on the above factors are developed to build up a set
of scenarios. With the help of the scenarios it is intended to evaluate the impact of changes in the

economy and energy market on the energy balance of the coﬁntry.

Structure of the energy supply scenarios is presented on Figure 4,2, The four main scenarios
considered arc Reference (REF), Base, Low and High. Thesc scendrios represent combination of the
main cases of cconomic growth and useful energy demand with differcnt assumptions on the energy
Ihanégcment, export of energy, and environmental pollution. The results of analysis of the energy

supply systérﬂ in these scenarios are discussed bricfly in the following sections.
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4.4 - Energy Flow in Reference Scenario

In the reference casc the Iﬁroductiﬂn of primary energy increases from 1,806.5 MBOE/a in 1994
to 2,064.4 MBOE/a in 1999 and 2,003.3 MBOE/a in 2021. Production of primary encrgy includes
crude oil; natural gas, coal and hydro power. The sharc of oil in total primary energy production is
70% in 1994, which increases to 70.8% in 1999 and then decreascs to 67.1% in 2021. Export of
crade oil is an important aspect of its usc. After 2010 the level domestic consumption of oil

approaches the level of crude oil export.

'Second o crude oil is natural gas as the main source of primary encrgy. Share of naturat gas in
production of primary energy decreases. from 28.0% in 1994 to 25.7% in 2010 and then rises to
26.5% in 2021. |

Hydro power constitutes 0.7% of total primary encrgy requirement in 1994 and reaches 4.7%
in 2021

(1) Production of Secondary Encrgy

Secondary energy carriers are produced in refineries, power plants and proccssing systems.
Production of petroleum products increases from 344.0 MBOE/a in 1994 to 445.7 MBOE/a in 1999
and 880.4 MBOE/a in 2021, which corresponds to an average annual growth rate of 5.31%f/a and
3.14%/a in the periods 1994-1999 and 1999-2021 respectively. Share of middle distillates in
production of petroleum products rises (Sec Figure 4.3). Share of gas oil increases due to enbanced
consumptidﬁ of this product in transportation and natural gas in substituted by kerosene in the

househnld sector.

Production of natural gas increases from 332.3 MBOE/a in 1994 to 374.9 MBOE/a in 1999 and
then decreases to 329.4 MBOF/a in 2004. Production of lean gas reaches to the level of 354.6
MBOE/a in 2021.

As it may be seen in Figure 4.4, the fuel consumption of thermal 'powcr plants riscs from 142.3

MBOF/a in 1994 _to 166.2 MBOE/a in 1999 (with an average annual growth rate of 3.2%/a) and



204.8 MBOE/a in 2021 (with an average annual growth ,reite of 1.72%/a). Consumption of fuel oil in
power plants decrcase with an annual rate of 2.4%/a in the next five ycars and then increases with a
rate 4.4%/a. Share of fucl oil in fuel consumption of power plants chénges from 41.4% in 1994 to
31.4% in. 1999. After year 2000, contribution of fuel oil to fuel consumﬁtion of pov&er plants rises to
66.2% i 2021. Share of natural gas in fuel consumption of thermal power plants reaches to 63.7%

in 1999 and then declines to 9.7% in 2021.

Géncrati()n of electricity increases frnin 78.9 GWh/a in 1994 to 95.5 GWh/a in 1999 the rising
trend of production of electricity continues until 2021 and it reaches to 166.8'.GWh/a in 2021.
Average annual growth rates of electricity generation in the periods 1994-99 and-1999-2021
~ correspond to 3.8%/a and 2.6%f/a tespectively. Share of hydro ﬁower plant in.electricity gencraiion

reaches to0 7.9% in 1999 and increases to 33.7% in 2014; and then it is reduced to 31.4% in 2021.
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(2) Capacitics of Processing Systems

Expansion of refincrics indicate that the capacity of atmospheric distillation increases from 389
" mio.bl/a in 1994 to 1,000 Mio.bl/a in 2021 and its rate of growth corresponds to 8.0%/a and 2.6%/a
in the periods 1994-1999 and 1999-2021.

Capacitics of power plants rise with an average annual rate of 3.8%/a in the next five years and
1.3%/a in the period 1999-2021. Total capacity of electricity generation reaches to 39,934 MW in the
year 2021. Technological mix of power plants changes in the next 3 decades and capacities of steam
power plant and gas turbine dc'clinc' and fhcy are replaced by combined cyclb power stations. capacity

| of combined cycle power plr,mts rise from 1,039 MW in 1999 to 11,542 MW in .’2021 which
corresponds to an average annual growth rate of 11 6% /a in the pcnod 1999-2021.

Sclf gencration of electricity in industry complements national electric system and its capacity
increases from 2,377 MW in 1994 to 3,134 MW in 2009 and then’ decrcascs to 869 MW in 2021 duc
to expansion of national grid. Capamty of hydro power plants rises fo 3, 936 ‘MW in 1999 and its

increasing trend continues until 2021, until it reaches 13,076 MW in that year.

Reserve margin of the electric system is considered 30%, 10% of which is taken as spin
reserve. Capacity utilization of power plants is 3,140 h/a in 199'4, which rises to 3,147 h/a in 1999
and 4,177 b/a in the year 2021. '

(3) Energy Export
Energy export is 898.2 MBOE/a in 1994 and rises to 1,017.1 MBOE/a in 1999. after year 2000
a declining trend of crude oil export is observed and it decreases to 447.4 mio.bl/a in 2021, Export of

petroleum products increases with an annual growth rate of 4.1%fa in the period 1999-2021 and it
reaches to 65.6 MBOE/a in 2021.



(4) Consumption of Final Energy

In Figurc 4.5 share of sectors in final energy consumption is presented. Annual.gr'owth rate of
final energy consumption in transport scctor is the highest which is influenced by population grbwth
and economic development. final energy consumption in commercial and houschold expands more
slowly than in other sectors, As a consequence of this situation, the share of industry and transport

increases in the final energy consumption.

Fig, 4.5 - Share of Sectors in Final BEnergy Consumption
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(5} Emission of Pollutants

The main pollutants of the environment that have been considered are CO, CO2, 803 and NOy.
emission of CO takes place 'maihly in the transport sector zmd it rises from 793 kt/a in 1994 10 '936
kt/a in 1999 and 1,777 kt/a in 2021. Average growth rate of the emission of Co is 3.4%/a and 3.0%/a
in the periods 1994-99 and 1999-2021 respectively (Seé Figtire 4.6). Emission of CO; shows also a
rising trend and it expands from 140.0 mio.ta in 1994 to 246.0 mio.t/a in 2021,

Emission of NOy and SO2 increases in a similar manner. Amount of NOx emitted rises from
1,354 kt/a in 1994 to 2,946 kt/a in 2021 and emission of SOy in 2021 reaches to 2.44 times of its
level in 1994, which is 541 kt/a. Rapid increases of the emission of $02 and NOx is due to the higher

share of petroleum products in production and consumption energy.

'Fig. 4.6 Bmission of Pollutants in LR Iran
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(6) Impact of Subsidization of Energy

Commercial energy carriers are supplicd to the final consumers with prices, that are much lower
that the marginal cost of energy carricrs. But analysis of energy carries in the previous section was
based on the fact that all energy carriers are delivered to the final consumer with a price equivalent to
their long-run marginal cost. Now, the basic question is what will be the effect of further
subsidization of cnergy carriers on the deveiopr’ncnt of the encrgy Systcm? This issuc was studied in

the framework of a scenario with the help of the energy supply model.

" In the case of continued subsidization of energy, the primary encrgy requirement rises {rom
968.7 MBOE/a in 1994 to 1,669.5 MBOF/a in 1999 and 2,238.1 MBOE/a in 2021, and its average
annual grthh rate is 11.5%/a and 3.8%fa in the periods 1994-99 and 1999-2021 respectively.
Subsidization .of energy carries leads to a situation where primary encrgy consumption is 97% and
58.8% more than primary energy requirement in the reference case in the years 1994 and 2021

respectively.



4.5 Opportunity Cost of Crude Oil

In the reference scenario it was considered that the opportunity cost of ‘crude oil underground
wnuld be zero. In another case it is assumed that the value of oil underground .would be 70% of oil
prices in the international market. In this case production of crude oil rises from 1,195.4 mio.bl/a
1994 (1,264.8 mio.bl/a in reference case) to 1,329.3 mio.bl/a in 1999 (1,462.4 mio.bl/a in refercnce
scenario). Then, it decreases to -999.1'mid.bl/a in 2021 (1,344.7 mio.bl/a in refcrence casc). When
the opportunity cost of crude oil is taken into account, domestic consumption of oil is reduced by
14.2% and 19.5% in the periods 1999 and 2021 respectively. But, the consumption of natural gas
tises by 16.3% and 52.1% in the years 1999 and 2021 respectively, when compared with the

amounts in the reference case.
4.5.1 Potentials of Rational Use of Energy

With the help of the energy supply model, the rational use of. energy, and specially energy

conservation, is estimated and its results arc outlined very briefly.
(1) Houschold Sector

Improvement of the efficiency of the household appliances causes a decrease in the energy
consumption in general, and electricily consumption in particular. As it can be seen in the Figure
4.7, with the help of cnergy management, the final energy consumption in household decreases by
33.2% in 2021, compared with the reference case.

(2) Commercial and Service Sector

Comparison of the trend of the development of final energy consumption in commercial and
~ service sector for the cases reference and encrgy management indicates that final energy consumption

in this sector may be reduced by 19.3% and 44.05% in the years 1999 and 2021 respectively.
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(3) Industry

When the final 'cnérgy consumption of in industry inl the basc cases of the scenarios reference,
base and High growth ratc are compared with the results in the case of energy management (Sec
Figure 4.8), one observes that there is considerable potential of energy conservation. It is estimated
that the potential of energy conservation is more than 4% and 21% in the years 1999 and 2021

respectively.
(4) Transport Sector

- Analysis of the potential of rational use of energy in the transport sector shows that with better
maintenance of transport systems, structural changes towards increased share of mass transportation
and with reduction of the energy inténéity of vehicles throdgh_ improved enginﬁ efficicncy there is a
Jatge potential of energy conservation that may be realized. The long-term potential of cnergy

conservation in transoport sector is more than 30%.
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4.6 Prospects of the development of energy sector

Primary and final energy consumption per capita has been increasing continiously in the last
two decades and it rose from 3 BOE/a capita in 1968 to 9.87 BOE/a/capita in 1991. Average annual
growth rate of per Chpita primary energy consumption has been relatively high in the recent years and
it rcached to 8.3%/a in the period 1989-91. Projection of the devclopment of per capita primary
energy consumption indicates that in the high growth scenario it increases to 17.2 BOE/a/capita in
2014 and there after decreases to some extent. In all other scenarios, the per capita primary energy

consumption remains at its present level or changes very little.
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5. Energy Conservation

5.1 Introduction
5.1.1 Impoﬂance of Encrgy Conservation

Promoting energy conservation will help solve some of the major cnergy issues in the Islamic
Republic of Iran (I. R. Iran) including rational use of encrgy, expansion of oil exports, and
preservation of the environment. In the first five-year plan-of I. R. Iran, the following policies arc

cited with regard to cnergy consumption in the country.

- Optimum utilization of the encrgy
- Implementation of energy saving in equipment and appliances

- Changing the pricing policy to accelerate energy conservation
5.1.2 The Viewpoint, Focus, and Objectives of the Study

Estimating the economic potential of energy conservation is the focus of this study. The policy
direction of promoting energy conscrvation has been decided by the government as mentioned above,
and the decision is endorsed by the analyses in Chapter 2, 3 and 4 in this report. In other words, at

this stage the government places importance on finding right answers {o the following questions:

(i)  How can energy consumers including individuals, companies, and others be urged to

conserve encrgy?

(i) How much energy can be conserved by feasible measures in the coming years ?

- In general the answer to the first question includes such’ pollcles as: guidance, advice and
educatlon compu}smy measures; instruction; and-inducements {(increase in the price of and taxation
on energy carriers). and mcentlves {tax credits, spcc1al deprematlon allowances, or favorable financing
on energy consarvatmn dewccs) Companng the prices of energy carricrs with the costs of cnergy

conservatmn measures is ncccssary for the govcrnmcnt to propose and implement concrete policies



for cnergy conservation. If only pricing policy is implemehtcd (which means that the other policics
above are not introduced), a consumer will determine to adopt a measure for energy conservation in
the case that the costs reqﬁired for the measure are smaller than the benefits borne from them (which
means the amount of cnergy conscrvation). Energy conserved by measures which individual
consurmers view to be economically justifiéi)lc is defined as the "cconomic potential” of energy

conservation in this study(*} (¥*).

(*) Not only the amount of energy conservation but also such factors as incrcase
in labor productivity and product quality enhancement are gencrally taken into
account as benefits when some measures are justificd cconomically from the

viewpoint of individual consumers.

(**) It is needless to say. that the viewpoint of the nation or society is
important for estimating the "economic" potential in addition to that of individuals.
For instance, a stﬁdy-rcpori complied by the Office of chhhology Assessment, the
U.S. Congress states: "From a socictal viewpoint, there is a wider range of
relevant costs and benefits, All monetary, health, and ecological costs ‘and beneﬁts

accrued to socicty are pertmcnt ("Industrial Energy Efficiency," August 1993).

In comparison to this approach which can be said to consider even indirect
costs and benefits, there is another approach in :which only direct costs and benefits
are considered, For examiple, M. Muhésighe makes the cost / benefit analysis by
using the concepts of market price and "economic valuc” (opportunity cost or
shadow price) for cach of energy carriers =ad energy using equipment (See Mohan
Munasinghe, "Third  World Energy Policies -- Demand Management and
Conservation,” World Bank Reprint Series: No. 255).

The Objectlves of the {-.tudy are, thus, to estimate the economic potentlal of energy conbervatlon
in LR.Iran so that policy issucs on energy conscrvatlon can be clarified from the economlc critetia in
the meaning mentioned above. In order to achieve the objectives, the past and current status of
energy consumption is first evaluated and analyzed, then. the measures for energy coﬁservétii)n,
including téchnologics and dcv'iccs a\}afiable now and in thé futore, are invcsfigatcd and .cxamine'd.

Third, costs are assessed anid compared with the amount of energy conserved. Finally, based upon



the assessment and comiparison, tentative scenarios for promoting energy conscrvation are presented.
5.1.3 Sclection of Targets

The industriy scctor, the cnergy convession sector, and the transport sector were selected as
targets to be analyzed for promoting energy conservation in our collaborative study for following
TCasons:

a) The industry sector and the transport sector are two of the main cnergy usel's, accounting for
around one-fourth of the total final encrgy consumption in LR.Iran. Data necessary for
analyzing encrgy conservation are available in LR.Iran and fapan for some industries and sub-
sectors in these sectors. _ _

b) Data in the household sector is insufficient for analysis although it accounts for more than one-
fourth of the final energy consumption in Iran.

c)  Efficient use of energy in the conversion sector, which includes power gcneration, petrolcum
refining, and gas processing, is critical for one country fo improve efficiency of the total energy
flow. Data necessary for the analysis are available in 1. R. Tran and Japan on thermal power

generation and petroleum refining.
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