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Part I: Demand for Energy in the Business As Usual

(BAU) Scenario

1. Introduction

Energy is becoming increasingly important in the world economy as demand is rapidly
rising and supply of hydrocarbon resources is more restricted. Iran is the largest country
in the Middle East and as an energy rich country, with 11 percent of the global oll
reserves, and 15.3 percent of the global natural gas reserves (second only to Russia). It
plays an important role in world energy supply and hence in the global economy.
However, Iran has had trouble in capitalizing on its vast resources. It has been
experiencing a rapid economic growth for the past two decades, leading to an increasing
trend in domestic demand for energy. Iran’s generous subsidies program in the energy
sector has also contributed to growing energy consumption. Although higher energy
consumption may contribute to economic growth, it would restrict economic activities as
the oil exports shrink. The Iranian economy is heavily dependent on oil exports revenues
as oil exports account for half of the gross government revenues and about 80 percent
of the country’s total exports earnings. On the supply side, Iran has not been able to
catch up with the increasing trend in demand leading to a shortage of energy in industry,
transport and residential sectors. Iran is now facing serious challenges in the economy
and the energy sector, imminent of which are price reforms by removing heavy subsidies
in the energy market and attracting foreign investments to boost its oil and natural gas

production and exports. Iran also needs to find a way on how to make optimal use of the
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oil revenues in the economy and to invest in ample renewable energy sources. This
study intends to tackle some of these challenges and to explore alternative scenarios for

utilization of energy resources in Iran in the long run.

1.1. Objectives

The main objective of this study is to analyze alternative scenarios for the energy
consumption in Iran for the next 25 years. To this end, the study models the Iranian
energy sector and projects a Business As Usual (BAU) scenario taking into account the
past trends as well as the future policies and developments in the economy and the
energy sector. The study also identifies the potentials for sources of energy conservation
and renewable energy, and projects efficiency scenarios for the next 25 years. The
outcome of the study will help authorities set up policies to optimize the use of energy

and to protect environment without compromising the standard of living.

1.2. Methodology

The main method of the study is the bottom-up approach in which demand side
dynamics are modeled using a computational model and the detailed data from different
sectors of the economy. In some cases, where the time series data are available, the
regression method is also employed to estimate and forecast future values of the
variables. The model is first used to calculate a BAU scenario as a scenario that extends
the past trends of the economy and the energy sector into the future taking into account
the future policies. In the second part of the study, alternative scenarios for energy
demand with regard to obtaining higher efficiency and utilizing renewable sources are

designed and simulated for the next 25 years. The bottom-up method produces reliable
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results in long term scenario analysis as it relies on the fundamental factors, which are
not subject to short-term fluctuations . The shortcoming of this approach is that its results
depend on many assumptions about the structure of the economy. However, making

sound assumptions and scenarios that are more realistic may help alleviate the problem.

1.3. Research Organization

The study has been conducted jointly by the Iran Energy Association (IEA) and the
Wuppertal Institute for Climate, Environment, and Energy (WI). To carry out the project,

two teams from each institute were organized in the following groups.

1. Steering Committee

2. Project Leader

3. Project Manager

4. Technical Manager

5. Study Team

6. Consultants

7. Research Assistants

8. Secretaries
The research team members met regularly in workshops to exchange the ideas and to
review the research method and outcomes. The study started in January 2006 and

ended in December 2008.
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2. Economy and Energy in Iran; an Overview

In this section, the current conditions of the Iranian economy and its energy sector will be

briefly reviewed to set a ground for the BAU scenario analysis.

2.1. Macroeconomic Structure and Trends

2.1.1. The Structure of the Economy

Iran became Islamic Republic in 1979 after the ruling monarchy was overthrown by the
Islamic Revolution. The new constitution became effective on 2-3 December 1979, and
was revised in 1989 to expand powers of the presidency and eliminate the prime
ministership. The governing system consists of the Supreme Leader elected by the
Assembly of Experts, the Majlis (Shoura’e Islami) or parliament, the judicial branch, and
the executive branch headed by the elected president.

In addition to the three major branches in the governing body, there are also
three oversight bodies as follows: Assembly of Experts, Expediency Council, and the
Council of Guardians. Assembly of Experts, a popularly elected body of 86 religious
scholars constitutionally charged with determining the succession of the Supreme
Leader (based on his qualifications in the field of jurisprudence and commitment to the
principles of the revolution, reviewing his performance, and deposing him if deemed
necessary). Expediency Council is a policy advisory and implementation board
consisting of permanent members, who represent all major government factions and
include the heads of the three branches of government, and the clerical members of the
Council of Guardians. The permanent members are appointed by the Supreme Leader
for five-year terms, and the temporary members, including Cabinet members and Majlis

committee chairmen, are selected when issues under their jurisdiction come before the

15



Expediency Council. The Expediency Council exerts supervisory authority over the
executive, judicial, and legislative branches and resolves legislative issues on which the
Majlis and the Council of Guardians disagree. Since 1989, it has also been used to
advise religious leader on matters of national policy. Council of Guardians of the
Constitution is a 12-member board made up of six clerics chosen by the Supreme
Leader and six jurists selected by the Majlis from a list of candidates recommended by
the judiciary, which in turn is controlled by the Supreme Leader, for six-year terms. This
Council determines whether proposed legislation is both constitutional and faithful to
Islamic law, vets candidates for suitability, and supervises national elections.

According to the article 44 of the constitution, the economy is divided in three
sectors: Public, Cooperative, and Private. The public sector is in charge of the public and
national institutions and enterprises such as the national oil and gas companies. The
cooperative corporations are supported by the public sector, but run privately.

There have been four Five-Year Development Plans (FYDP) since the beginning
of the Islamic Republic, the last of which started in 2004 calling for privatization and
economic reforms. There is also a 20-year vision calling for rapid socio-economic

development of the country.

2.1.2 Macroeconomic Trends

With an area of 1,648,000 km?, Iran ranks 16" in size in the world. The main mountain
chain is the Zagros Mountains, a series of parallel ridges interspersed with plains that
bisect the country from northwest to southeast. The only navigable river is Karun, where
shallow-draft boats can commute from Khoramshahr to Ahvaz, a distance about 180 km.
The most important water bodies are the Persian Gulf, in the south, and the Caspian

Sea, in north. Iran has a very diverse climate. In the North West, winters are cold with
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heavy snowfall and subfreezing temperatures. In the south, winters are mild and the
summers are very hot. In most part of Iran, the yearly precipitation averages 250 mm.
The major exceptions are the higher mountain valleys of the Zagros and the Caspian
Sea coastal plain, where precipitation averages at least 500 mm annually.

Iran’s economy is a mixed economy in which oil and other large enterprises are
owned and run by the state, and agriculture, small-scale trading and service ventures
are mostly run by the private sector. In spite of diversification policies, the Iranian
economy is still heavily dependent on oil exports earnings. Currently, oil exports account
for 80 percent of total exports earnings; nearly 50 percent of the government revenue
and 23 percent of GDP. Continued favorable conditions in the world oil market have
improved the external financial conditions quite considerably. However, the challenge
still remains to make the best use of oil revenues, to promote growth and to further
diversify the economy. Despite relatively high oil exports revenues, Iran continues to
face budgetary pressure. Poverty reduction and heavy subsidy content of budget for
basic goods and energy leave the government with inadequate resources for
development purposes. Inefficient public sector, state monopolies, and economic
sanctions also add more budgetary constrains. Diversification of the economy and
energy-related activities require the creation of a more favorable investment environment
for both local and foreign investors.

GDP grew annually by 6.15 percent on average in 2001-2004, but slowed down
by about 1 percentage point since then. Although the recent economic growth rates are
relatively high, thanks to the high oil prices, they are lower than the government targets
under the third and the fourth five-year development plans. The estimated GDP for 2006

is US $599.2 billion(purchasing power parity), ranking 22" in the world, but GDP per
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capita is US $8700, ranking 98" in the world (Table 2.1)*. Agriculture accounts for 11.2
percent of the GDP, industry 41.7 percent and service 47.1 percent. The oil revenue

plays significant direct and indirect roles in the entire economy (Figure 2.1).
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Figure 2.1. GDP and its Components, Constant 1997 billion Rials
Source: IELDB (2005) & Central Bank of Iran (2005)

Population was 70.5 million in 2005, with 48.3 million people living in urban areas
and 22.2 million people in the rural areas. The recent population growth has been on
averagel.3 percent per year, after very high rates of above 2 percent in the 1980s
(Figure 2.2). The population density is 42.2 persons per square kilometer. Active
population is 23.1 million, and unemployment rate is about 12 percent, but it is twice as
much among youth. Inflation has been in the range of 13-15 percent per year for the
period 2000-2004, but has been rising since then with the oil price hike. The price

change has been much higher in housing, health care, and recreational activities. The

! GDP and GDP per capital using the exchange rate method are $158.6 billion and $2,280, respectively
(IMF staff report for 2005)
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current account balance is about US $12 billion and the trade balance about US $15
billion. The total external debt amounts to about US $24 billion. Iran exports petroleum
(80 percent), chemical and petrochemical produces, fruits and nuts, and carpets to
Japan (17%), China (11.2%), Italy (6%), South Korea (6%), Turkey (6%), Netherlands
(4.6%), France (4.4%), South Africa (4.1%), and Taiwan (4.1%). The imports consist of
industrial raw materials and intermediate goods, capital goods, foodstuffs and other
consumer goods, technical services, and military supplies. Iran imports from Germany
(13.9%), UAE (8.4%), China (8.3%), Italy (7.1%), France (6.3%), South Korea (5.4%),

and Russia (4.9%).
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Figure 2.2. Population (1000 persons) of Iran 2005
Source: IELDB 2005
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Table 2.1. Economic Indicators of Iran at a Glance, 2005

GDP (PPP, $b.) US $599.2
GDP per capita US $ 8700
Inflation Rate (%) 12
Population (m) 70.5
Unemployment Rate (%) 12

0-14 years (31.5%); 15-64 years (63.8%); 65 years and
Age structure
over (4.7%); male/female ratio=1.03

Life expectancy 70 years (male=69 years; females=72 years)
Total fertility rate 2.2 children/woman
Literacy (6 years and over) 87.1%

Source: Central Bank of Iran, 2006

2.2. An Overview of the Energy Sector

Iran is a resource rich country with immense oil and gas reserves. It, however, faces
serious challenges to capitalize on its resources because of poor policies, lack of
efficiency, and barriers to foreign investment. Iran has the world third, and the Middle
East second, largest proved oil reserves with 132.5 billion barrels of oil, and the world
second largest proved natural gas reserves with 26.62 trillion m® natural gas. In 2005,
the total primary energy production was 2120.9 million BOE, 121.6 million BOE
imported, and 1185.1 million BOE exported. The oil production in 2005 was about 4
mbl/day, from which 2.5 mbl/day exported. Iran is the world’s fourth, and OPEC’'s
second largest oil exporter. Natural gas production in 2005 was 83.54 billion m*® (bcm),
ranking seventh in the world. Iran exported 3.56 bcm to Turkey, but imported 5.2 bcm

from its Northern neighbors. The total electricity generation capacity in the country was
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37.3 GW, out of which 40.8 percent generated by steam, 44.3 percent by combined
cycles, 13.4 percent by hydro, and 1.5 percent by renewable energy sources (wind,
solar, and others). The electricity production in 2005 was 186 billion kWh, ranking 21 in

the world.
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Figure 2.3. Energy Intensity in Iran, Constant 1997 prices
Source: Energy Balance, 2005

The total primary energy consumption in 2005 was 970 million boe. The
share of households of the total primary energy consumption was 27 percent,
industry 14 percent, transport 22 percent, others including agriculture, public, and
commercial 9 percent, and power generating plants 28 percent. The higher shares

of energy consumption by transport and households are somewhat consistent with the
energy subsidies received by these sectors from the government. Transport received 42

percent of the energy subsidies, household 30 percent, and industry 13.5 percent.
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The energy consumption indicators and efficiency measures in the past decades
show an increasing trend of energy consumption as well as high level of inefficiency. The
energy use per capita has been increasing on average by 5 percent annually for the past
38 years. However, the energy intensity index has been increasing on average by 3.4
percent since 1967 indicating a decreasing trend in efficiency of energy use (Figure 2.3).
In Figure 2.4 the energy intensity in Iran is compared to that in the rest of the world. The
energy intensity in Iran is as high as in the whole Middle East region, but twice as high
as the world average. Figure (2.5) shows the primary energy supply and final
consumption, and Table (2.2) summarizes the major energy production and use figures

for Iran.

Energy Intensity (tboe / US $ 1000, PPP)
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Figure 2.4. Energy Intensity, Iran and the world
Source: IEA, International Energy Agency, Energy Balances for OECD and Non OECD
Countries, 2002, 03 and 2005 Edition.

2005. The primary energy supply and final consumption have been increasing smoothly
during the 70s and the early 80s, but the rates of increase have risen since then. Figures
2.6, 2.7 and 2.8 show the consumption of oil products, natural gas, and electricity by

different sectors. Transport is the major user of oil products followed by households and
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industry. Households and Industry are also two major users of the natural gas and
electricity. The energy factor, defined as the ratio of the final use growth to the GDP
growth, in Iran is also very high compared to the world; It has been on average 1.27 in

Iran compared to 0.41 in the world for the period 1990-2003.
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Figure 2.5. Primary Energy Supply And Final Consumption, mboe (1974 — 2004)
Source: Energy Balance, Ministry of Energy, 2005
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Figure 2.6. Petroleum Products Consumption by Sectors
Source: Energy Balance, Ministry of Energy, 2005
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Table 2.2. Energy production and use in Iran (2003)

Amount

Rank

Primary Energy Production

Primary Energy Exports
Primary Energy Imports

Primary Energy Use*

Oil Proven Reserve

Oil Production

Oil use

Oil Exports

Natural Gas Reserves
Natural Gas Production
Natural Gas Use”
Natural Gas Exports

Natural Gas Imports

Electricity Nominal Capacity

Electricity Production

Energy Use per capita (energy use/population)
Energy Intensity (boe/million rials)

Energy Factor (Final use growth/GDP growth)

2120.9 mboe
1185.1 mboe
121.6 mboe

970.22 mboe

132.5 bbl

3.979 mbl/day
1.51 mbl/day
2.5 mbl/day
26.62 tcm

83.9 bcm/year
85.54 bcm/year
3.56 bcm/year
5.2 bcmlyear
37.3 GW

155 bkWh/year
11.5 BOE/cap
1.95

1.52

3 (world), 2 (Middle
East)

4 (world), 2 (OPEC)

4 (world), 2 (OPEC)
2 (world)

7 (world)

mboe: million barrel oil equivalent

bbl: billion barrel

*Including primary energy used by power plants

bem: billion cubic meter
tcm: trillion cubic meter

** Excluding natural gas that re-injected, vented, or flared.

Source: Energy Balance, Ministry of Energy, Iran (2005.)

IEA, Iran, 2005. And The World Facts Book, CIA, Iran (2007)

GW: Giga Watt
bkWh: billion kilo watt hour

24



mboe

350

300

250

200

150

100

mboemb

50

1976 - 77
1978 - 79
1980 - 81
1982 - 83
1984 - 85
1986 - 87
1988 - 89
1990 - 91
1992 - 93
1994 - 95
1996 - 97
1998 - 99
2000 - 01
2002 - 03
2004 - 05

n
~
'
<
~
)]
-

H Residential & Commercial ®mIndustry ENon Energy Uses M Transport

Figure 2.7. Natural gas consumption by sectors (2004)

Source: Energy Balance, Ministry of Energy, 2005
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Source: Energy Balance, Ministry of Energy, 2005
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3. Energy Policies

Iran’s vast energy resources along with inappropriate policies have led to an increasing
consumption of energy without much being concerned about efficiency and the adverse
effects on environment. As figures 2.3 and 2.4 show, the energy intensity in Iran has
been increasing and is almost twice as much as world average. Although Iran has not
had any comprehensive plan for energy, it has embarked some short run and medium
run plans for energy production and consumption in different sectors. We can identify
four main policies that have influenced demand for energy for the past three decades.
The first and by far the most important energy policy in Iran has been the heavy
subsidization of energy use, especially in households and transport sectors. The second
policy is meeting the OPEC production quota. Third policy is development and utilization
of natural gas, and the fourth policy electrification of the rural areas. Here, we briefly

outline the objectives and the outcomes of these policies.

3.1 Energy Subsidies

There are many different estimates for energy subsidies in Iran, but it is generally agreed
that the Iran’s energy subsidies are one of the highest in the world. It ranges between
0.5 to 12 percent of GDP depending on different sources. The huge discrepancies in the
estimations of subsidies arise from different calculation methods used to estimate supply
cost. The local officials use the strict version of subsidies that includes only the direct
payments by government or a difference between marginal or average cost and the price
paid by consumers. However, the agencies that report much higher estimates of
subsidies include opportunity costs of energy products sales in the domestic market.

These estimates compare domestic prices with the border prices and assess the
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differences as opportunity costs of forgone revenues and therefore as subsidies. The
government estimation of subsidies is more relevant to the government budget
accounting; however, the broader estimation of subsidies is more appropriate for policy
making where the objectives are optimal use of resources and increasing social welfare.

In OECD countries, governments subsidize energy producers and levies taxes on
end-user consumers. The taxes, however, far exceed subsidies; It was $223 billion in
seven largest OECD countries in 2003- at least seven times more than the total amount
of energy subsidies for the OECD as a whole. In recent yeas, the shares of subsidies by
types of energy have changed in favour of renewable energy production. This policy is in
line with the objectives of energy security by lowering reliance on oil imports and
protecting environment by lowering consumption of fuel oil or coal and encouraging
environmentally friendlier energy sources. In non-OECD countries, except China, most
energy subsidies go to consumers by controlling end-user prices below the economic
cost of supply. Most non-OECD countries subsidize electricity, but Iran and Indonesia
heavily subsidize oil (IEA, 2006). Table (3.1) shows that transport receives about one
third of the total energy subsidies, and household and industry each receive one quarter
of the energy subsidies. The distribution of subsidies by energy type also shows that gas
oil receives highest share of energy subsidy followed by electricity and gasoline. Since
the subsidies are calculated based on the border prices, its distribution among energy
types changes as the prices for different types of energy vary. For instance, it is
expected that the share of gasoline and natural gas should be higher as their recent

prices have been increasing more rapidly.
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Table 3.1 - The Energy Subsidies by Sector and Energy Type, 2000 (percent)

Household Industry Agriculture Transport Commercial Others Total

Gasoline - 0.1 0.0 17.6 0.0 0.1 17.8
Kerosene 7.5 0.0 0.2 - 0.1 0.2 8.2
Gas ol 1.3 3.8 4.2 15.0 0.6 1.4 26.3
Heavy Fuel Oil - 9.9 0.1 0.6 1.2 0.2 11.9
LPG 2.6 0.0 - 0.4 0.2 - 3.1
Electricity 10 8 3.3 - 11 3.4 25.7
Natural Gas 4 25 - - 0.5 - 7
Total 25.4 24.4 7.8 335 3.6 5.3 100

Source: Ministry of Energy, 2001

3.1.1 Energy Subsidies Objectives

There are two main objectives in providing huge energy subsidies in developing
countries like Iran. First, subsidies tend to make energy more affordable for poor
households who would otherwise be unable to pay the full economic cost. Second, they
tend to protect domestic producers against foreign competition by keeping the energy
cost low. Unfortunately, those subsidies and their sectoral allocation fail to achieve their
objectives. They mainly benefit higher income groups because they consume larger
amounts of subsidized energy. This is particularly true in oil products, because of a flat
price for all levels of consumption, and in transport sector, where the distribution of car

ownership is very uneven.
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The second objective, which is known as industrialization or infant industry policy
in economic development, may work if there is a scheduled and careful plan to invest in
certain industries that would benefit economic growth in the long run. The protection
policy in Iran has continued for more than three decades, which shows that the protected
industries have never grown up to be competitive in the global market. The long run
policy of providing cheap energy to industry has led to an inefficient use of energy and a
condition in which there is no incentive to improve technology and to innovate. It is
evident that the policy of heavy subsidization of industry cannot continue further as Iran

is seeking membership in the World Trade Organization.

3.1.2 Energy Subsidies Problems
The continuous energy subsidies program in Iran has caused many economic
and social problems some of which are listed below.
i Higher energy consumption and waste
ii. Weakening incentives for innovation and using more efficient
technologies
iii. Degrading environment by lowering quality of air in urban areas’
iv. Placing a heavy burden on government budget, contributing to budget
deficit by increasing direct payments as well as foregone income through
higher oil exports?

V. Cross-border smuggling of oil products to neighboring countries

! The fuel oil subsidies may have positive effect on environment if it discourages the deforestation in the
rural aress. The size of this subsidy, however, would be very small given the small rura population and
their low consumption level.

2 OPEC quotas are for total production not exports. Therefore, Iran can aways export more oil and earn
foreign income without violating its quota, should its domestic consumption reduces.
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Vi. Exacerbating the unfair distribution of income by allocating more
subsidies to rich

Although government has raised the energy prices for the past 15 years, the real energy
prices have decreased because of higher inflation rates. Since the start of the third
FYDP, energy prices have risen on average by only 10 percent per year, but the
average inflation rate in this period has been well above 10 percent. The fourth FYDP
called for a more aggressive measure to reform the energy market, that is, to increase
the gasoline prices to the border prices. However, the new elected government and
parliament did not implement the plan and froze the fuel prices in 2006 and 2007.

The subsidy problem is more prominent in the case of gasoline consumption,
which receives one third of the total energy subsidies. Gasoline is sold below the market
price at around 10 cents per liter, which is about one fourth of the border price and about
one fifteenth of the European prices. The very low price of gasoline has encouraged high
level of gasoline consumption in large urban areas, especially in Tehran. The growth rate
of gasoline consumption has averaged 10 percent annually over the period 2001-2007. It
has also led to a high concentration of air pollutants along with other social and
economic problems. In response to a rapid growth in gasoline consumption, government
drew on the Oil Reserve Fund to import about 40 percent of domestic consumption in
2007. Iran is now the second biggest gasoline importer in the world after United States.
In June 2007, government instituted a gasoline rationing system to curb the rapidly
growing consumption. In the new system, each private passenger car would receive 30
liters gasoline per month at the fixed price of $1000 rials or about US 11 cents per liter.
The rationing scheme did not have any significant effect on domestic consumption, but it

apparently reduced the amount of gasoline smuggled to the neighboring countries.

30



3.1.3 Energy Price Reform
It is evident that the current subsidy program in the energy sector cannot continue mainly
because government has to cut oil exports in response to the growing domestic demand.
This will have a dramatic negative effect on government budget causing macroeconomic
instability and uncertainties. However, government is faced with many difficult issues
regarding the price reform policy. These issues include the question of what type of
energy subsidies should be removed, by how much and how. Moreover, the
macroeconomic impacts of price reform on inflation, unemployment, and balance of
payment are not very clear. Government also needs to have a plan on how to spend the
additional revenues that will be generated by removing subsidies. The plan should
identify the more vulnerable social groups who would suffer the most under the price
reform scheme, and lay out the details on how to compensate for their loss of income.
Removing energy subsidies will have strong effects on prices, exchange rates,
trade, and cost of living. Consumers will have to pay higher prices for energy goods
(electricity, gas, gasoline) and non-energy goods whose prices will increase to offset the
increase in their energy costs and the other inputs whose costs in turn will be affected by
energy price rises. While the impact of price rise on energy goods will be immediate, the
impact on non-energy goods will take time. Unfortunately, the inflationary effect of
energy price reform has been exaggerated leading to an unsubstantiated fear among
policy makers. A rise in energy prices will not have a continuous inflationary effect, since
it will increase the aggregate price level in the short-term, but inflation rate will return to
its past trend after the economy adjusts to its new equilibrium level. In fact, the
experiences of energy price reform in some developing countries suggest that inflation
rate may even be lower after the reform. For instance, while a rise in diesel and

kerosene prices in Indonesia and Turkey led to higher inflation rates by 0.6 and 16
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percent, the inflation rates in Malaysia and Zimbabwe were lower by 80 percent and 40
percent, respectively, after two year of price change'. A study by World Bank estimates
that if energy prices in Iran rise to the border prices, inflation rate would rise by 40
percent in one year, and would remain the same afterward.? The higher energy prices
will decrease the energy consumption by household, as they will use energy more
efficiently. The change in cost of living will vary in different income groups depending on
their expenditure patterns as well as price and income elasticities of demand and energy
elasticity of output. Government can return the additional revenues generated by
removing subsidies to households. Therefore, the total spending of households is
expected to rise.

Rising energy prices will also increase the relative costs of energy intensive
industries. This will likely lead to a change in trade pattern as Iran will import more goods
that use energy intensively, and will export more oil. Exporting more oil will increase
foreign reserves leading to an appreciation of the Rial that in turn will decrease exports
and increase imports. This will have an adverse effect on domestic industries and non-
traditional exports, similar to Dutch disease effect, which usually occurs in oil exporting
countries when they receive a huge windfall after a boom in the world oil prices.

Energy price reform in is inevitable in Iran, but it may have striking adverse
economic and social impacts, should it not be done properly. Therefore, it is imperative
to study all various effects using economic models that take into account all different
sectors of the economy and would analyze alternative scenarios. The outcome of such

detailed studies would help policy makers to foresee the potential benefits and

! Einar Hope and Blabir Singh (1995), Energy Price Increases in Developing Countries: Case Studies of
Colombia, Ghana, Indonesia, Malaysia, Turkey, and Zimbabwe, Policy Research Working Paper, 1442,
World Bank.

2 Iran Medium Term Framework for Transition, Converting Oil Wealth to Development, A Country
Economic Memorandum (2003), Report No. 25848-1RN, Social and Economic Development Group,
Middle East and North Africa Region
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challenges and thus design appropriate policies that would capitalize on advantages and

alleviate the adverse effects.

3.2 Oil Policy

Iran is a member of OPEC and is currently the second largest producer among OPEC
members after Saudi Arabia. Iran has maintained its production quota in OPEC, but has
cut its exports due to higher domestic consumption. Iran has recognized the importance
of foreign investment in the oil sector in order to expand new fields and increase the
recovery factor in the existing fields. Under the constitution, foreign companies are not
allowed to own lranian natural resources, but Iran has offered a “buy-back” contract to
foreign investors. This new form of contract allows foreign companies to invest in oil and
gas fields and to share revenues with the Iranian counterparts. Through this new
mechanism, many international oil and gas companies, except US companies that are
banned from investing in Iran by the US sanction law, have participated in exploration
and development of the Iranian oil and gas fields.

Iran’s main policy in the oil sector can be summarized as follows.

- Meeting the OPEC production quota

- Encouraging foreign investment

- Substituting natural gas for oil products in all sectors to free up oil for exports

3.3. Natural Gas Development

The third important of the government energy policy in Iran in the past three decades is
the development of natural gas fields. This policy gained momentum when Iran
discovered its share of the world largest gas reservoir in the Persian Gulf, i.e, the South

Pars field. Iran has been using the large share of its ever-increasing gas production to
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substitute natural gas for domestic consumption of oil products in different sectors.
Producing natural gas is relatively cheap and its export to the world market is restricted
only to neighboring countries. Therefore, the policy of gas substitution has freed up oil
for exports generating more revenues for the government. In addition, since natural gas
is more environmentally friendly, its use for the domestic consumption would help reduce
pollution. Although the lower price for natural gas has made the substitution policy
between oil products and natural gas successful, the problem of inefficient use of
energy, especially in the residential sector, remains.

Iran has also increased its use of natural gas for injecting it into oil fields. This
policy has two positive effects. First, it would lead to a higher production of oil as the
recovery factor of oil fields will increase. Second, it will save the injected natural gas for
future extraction. Iran has also involved in natural gas international trade, by importing
from northern neighbors and exporting to Turkey through a pipeline. Iran is now a net
importer of natural gas, but it is expected to become a major net exporter in future. There
are different projects such as exporting natural gas to India through Pakistan, and to

Europe through Turkey and other Eastern European countries.

3.4. Electrification

The fourth energy policy is the electrification of rural areas by investing in new
transmission lines to reach remote areas and by keeping the electricity price very low;
more than 40 percent below the border prices. The policy that started in the 1980’s has
led many rural areas to be connected to the national electricity grid and changed the
energy consumption and living conditions in those areas. The policy continues by
encouraging rural residents to substitute electricity for oil products in cases like motor

pumps.
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3.5. Other Energy Policies

Some other important policies in the energy sector can be listed as follows.

1. Ministry of Energy has established two organizations for studying and promoting
investment in renewable energy resources: Iran Energy Efficiency Organization
(SABA) in 1994 and Iran Renewable Energy Organization (SUNA) in 1995.
These two institutes have conducted some projects on wind, solar, and
geothermal energy resources in different parts of Iran, but their activities remain
insignificant compared to the level of energy consumption in the country.

2. Ministry of Oil established the Iran Fuel Conservation Organization (IFCO) in
2000 to study and invest in energy efficiency in different sectors. IFCO has
audited some manufacturing industries and made recommendations for energy
conservation in those units. Replacing very inefficient and pollutant old cars with
new cars in large cities and using CNG as a substitute for gasoline are some of
the projects undertaken by IFCO in recent years.

3. lIran has attempted to develop nuclear energy by completing the Bushehr nuclear
plant and making investment in other new plants. It is expected that these plants

will deliver at least 1000 MW electricity capacity by 2010.

3.6 Future Energy Policies

Some of the policies outlined above such as gasification are expected to continue, but
the energy pricing and the energy subsidy policies seem to have reached the endpoint
and are to change. The policy makers are now facing the huge energy demand which
puts an enormous pressure on the oil dependent government budget. Fortunately, there

is an understanding on the authorities’ side that the current pricing policy and the full
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control of the energy sector is not sustainable, although the remedies are not so clear.
Government is also determined to produce part of the energy by nuclear plants, but its
share of the total energy used in the country is not expected to be very significant. There
are also discussions and some preliminary projects on the renewable sources which are

expected to continue and even gain momentum in the future.

4. Business as Usual (BAU) Scenario

In this section, we model the energy consumption in different sectors of the economy as
a business as usual (BAU) scenario for the period 2005-2030. The economic sectors
included in this study are households, industry, transport, and others consisting of
agriculture, commercial and public sectors. We also study the energy consumption and
production of the power generating plants. We model the energy consumption behaviour
in each sector by estimating and finding a pattern in consumption indicators such as
energy intensity. The BAU scenario describes a consumption path that can be
characterized as development of demand if no far-reaching changes in consumption
patterns are made. Therefore, it assumes that the economy and the energy sector will
follow the past trends. It also takes into account the new developments in the economy
based on patterns of the world economic growth as well as policies outlined in the Five-
Year-Development-Plan (FYDP) and the Vision approved by the authorities. Specifically,
it assumes that GDP and population as two major determinants of energy demand will
grow 5.5 percent and 1.3 percent until 2010, 3.4 percent and 1.4 percent until 2020, and
3 percent and 0.9 percent until 2030, respectively (see Table 4.1). The assumptions on
GDP and population growth are consistent with those of the past trends as well as the
national plans and the major international agencies’ predictions about the Iranian

economy.
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Table 4.1 GDP and Population Growth Assumptions in BAU Scenario

% per year 2005-2010 2011-2020 2021-230
GDP growth 5.5 3.4 3
Population growth 1.3 1.4 0.9

Our methodology in calculating the future energy demand in Iran in the BAU
scenario is summarized as follows. We first review the historical pattern of the energy
use and identify the major drivers of demand in each sector. We then apply the BAU
assumptions to project the future energy demand. We have used all the available
information about the current and the future policies and plans with respect to structure
of the economy and, in particular, the energy sector. We have applied both
computational or bottom-up approach as well as econometrics methods to estimate the
effects of the major factors affecting energy demand and to forecast its future values. In
some cases, such as transport and natural gas, the relationship between the energy
demand and its major drivers is estimated using econometric methods. In other cases,
such as electricity, where survey data were available, the computational approach has

been used.

4.1 Households

Households are one of the major energy users in Iran accounting for about 40 percent of
the total final energy consumption. Specifically, households use about 20 percent of the
total oil products, 63 percent of natural gas, and 33 percent of total electricity
consumption. The household energy consumption pattern has changed markedly since

1990 because of government’s policy of substituting natural gas for oil products. The
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households consumption of oil products has increased on average by about half a
percent annually, but the consumption of natural gas and electricity have increased by
19 percent and 6 percent per year for the past 15 years, respectively.

We study household demand for energy in two separate sections: Heat and
electricity. In the heat section, we model the demand for oil products and natural gas
using aggregate data. In the electricity section, we model the demand for electricity using

micro level data on appliances used by households.

4.1.1. Oil Products and Natural Gas

Natural gas is now a major energy carrier in the residential sector. In 2005, the Iranian
households used about 63 mboe oil products such as gas oil and LPG, and about 197
mboe natural gas. According to the National Iranian Gas Company (NIGC), 7.5 million
households had access to natural gas in 2004, which is projected to grow on average by
about 3 percent annually until 2025. This means that every year about 33000 new
households will join the natural gas grid. We estimate the relationship between the
demand for oil and gas and its drivers using a regression equation. Households demand
for oil and gas is assumed to grow with population and income. The estimation results of
the regression equation show that both GDP and population are significant factors in
explaining the changes in demand for oil and gas by household. The population effect
with a coefficient of 4, however, is much stronger than GDP effect with a coefficient of
0.0005. The future demand for oil and gas by households is projected by using the
regression equation results and the assumptions on the future values of GDP and
population. Using the estimated values for the future demand and the future shares of
each energy type based on the existing and the future government policies, we

breakdown the results into demand for kerosene, gas oil, LPG, and natural gas. One of
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the key factors in estimating the future shares of energy types in household demand for
oil and natural gas is the government policy to increase the share of the natural gas in
the household energy basket from 79 percent to 95 percent. Based on this policy, the
shares of kerosene, gas oil, and LPG are assumed to decrease from 16, 2.6, and 2.7
percent in 2005 to 2, 2, and 1 percent in 2030, respectively.

The use of oil and natural gas by households is broken down to space heating,
cooking, and water heating. It is assumed that 100 percent of kerosene is used for
cooking, 80 percent of gas oil for space heating and 20 percent for water heating, and 50
percent of LPG for cooking and another 50 percent for water heating. The shares of
space heating, cooking, and water heating in natural gas consumption by household are
assumed to be 75, 10, and 15 percent, respectively. These shares of consumption types
are assumed to remain the same during the study period. It is also assumed that
households will start to use solar energy as much as 1 percent of their oil and gas
consumption by 2010. The share of solar energy is assumed to grow to 5 percent in
2030. Table (4.2) shows the BAU scenario for household consumption of oil products,
natural gas and solar energy in different types of their use. According to the results,
household demand for kerosene and LPG will decline on average by 5 percent and 0.7
percent per year, respectively, while the gas oil and natural gas demand will increase by
2.1 and 4.3 percent over the period 2005-2030, respectively. The demand for solar
energy will rise on average by 11.7 percent per year for the period 2010-2030. The total
demand for oil products and natural gas by household is projected to grow by 3.4

percent per year on average, increasing from 259 mboe in 2005 to 592 mboe in 2030.
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Table 4.2 - The BAU Scenario Results for Household Demand for Oil Products, Natural Gas
and Solar Energy by Application (2005-2030)

2005 2030

Share (%) mboe mboe Growth (%)
Kerosene 47 13 -4.97
Space heating 0 0 0
Cooking 100 a7 13
Water heating 0 0 0
Gasoil 8 13 211
Space heating 80 6 10
Cooking 0 0 0
Water heating 20 2 3
LPG 8 7 -0.68
Space heating 0 0 0
Cooking 50 4 3
Water heating 50 4 3
Natural Gas 197 559 4.25
Space heating 75 148 420
Cooking 10 20 56
Water heating 15 30 84
Total
(Oil & Natural Gas) 259.5 591.9 3.35
Solar share 0 30 11.65
Heating 1-5 0 21
Cooking 1-5 0 4
Warm water 1-5 0 4

* The solar share will increase from 1 percent in 2010 to 5 percent in 2050.

40



Figure (4.1) shows the trend of the future demand for oil, natural gas, and solar energy

by households.
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Figure 4.1. Household Demand for Oil Products, Natural Gas, and Solar Energy -

4.1.2. Electricity

The BAU Scenario (2005-2030)

Household demand for electricity is estimated using a bottom-up approach. This

approach uses micro level data that allows for analyzing various scenarios regarding the

changes in technology, penetration rates, and other determinants of demand. General

information about the residential electricity use in Iran is presented in Table (4.3). In

2005, about 16.4 million customers used electricity in Iran, from which 73 percent were

urban. The ratio of customers to population is 0.25 in the urban areas and 0.20 in rural

areas. That is, on average an urban customer consists of four persons and a rural

customer five persons.
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Table 4.3- Household Electricity Demand, 2005

Urban Rural Total
Number of customers (million) 11.99 4.41 16.40
Population (million) 48.24 22.23 70.47
Customer per person 0.25 0.20 0.23
Consumption (MkWh) 39,790 6,836 46,626

Source: Electricity Statistics, Ministry of Energy, 2005.

Although very detailed and extensive micro data on household consumption of energy
are not available in Iran, there are some survey data in Tehran along with other
published reports by TAVANIR, which can be used to analyze and estimate the
electricity demand for household at a disaggregated level*. We take the following steps
to model the electricity consumption by households using the survey data. First, a list of
all major appliances and their penetration rates are estimated for Iranian rural and urban
households. Second, the electricity use by those appliances and total electricity use per
household are estimated. Third, using the information on number of households with
access to electricity, the total amount of electricity use by households and appliances are
calculated. The details of the calculations and estimations are presented below.

The major appliances used by Iranian households are reported in Table (4.4).
There is no data on appliances for the rural areas, but using some general information
about living condition of the households in rural areas, the penetration rates of
appliances for rural households are estimated. For instance, the penetration rates for

appliances such as freezer, microwave, and washing machine are assumed zero and for

! A study of household’s electricity consumption pattern and their satisfaction in Tehran, Tehran
Regional Electricity Company (TREC), different years
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appliances such as TV and refrigerator a fraction of the urban penetration rates. The
total penetration rates are obtained by applying the appropriate weights, which are the
shares of urban and rural households using electricity. The results are presented in the
Table (4.4).

Table 4.4. The Penetration Rates of the Appliances Used by Iranian Households, BAU
Scenarios (2005-2030)

Urban Rural

Appliance

2005 2030 2005 2030
Lamp<100 W 3.98 35 3 4
Lamp 100 W 2.83 2.83 2 2.83
Fluorescent Lamp* 2.61 2 2 1.5
Low consumption Lamp 0.22 1.50 0.22 1.50
Refrigerator 1.02 1.05 1 1.05
Freezer 0.44 0.7 0 0.3
Mixer 0.47 0.47 0 0.2
Soft cooker 0.29 0.4 0 0.1
Microwave 0.17 0.5 0 0.2
Tea-coffee Maker 0.04 0.5 0 0.2
Vacuum Cleaner 0.76 0.9 0 0.3
Washing Machine 0.65 0.9 0 0.5
Iron 0.88 1 0 0.5
cooler(water system) 0.83 0.8 0.70 0.7
Air Condition 0.10 0.3 0 0.1
TV 1.01 1.2 0.7 1
Computer 0.25 1 0 0.4

Source: A study of household’s electricity consumption pattern and their satisfaction in Tehran, Tehran Regional
Electricity Company (TREC), different years, and authors’ estimation

!, Fluorescent lamps are old long or round fluorescent lamps, but Low Consumption Lamps are
the new fluorescent lamps.
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To estimate the cooler penetration rate, the information on electricity use in the “very hot”
and “hot” regions is used. In the very hot and humid regions, like southern and some
northern areas, people use air condition in hot months. We first estimate the number of
coolers used by households using the household electricity consumption information for
those regions in hot and cold months® and the average electricity consumption by type of
coolers used in Iran. In total, there are about 16 million households using electricity in
Iran, from which about 3.2 million households live in the hot areas (70 percent in very hot
areas and 30 percent in hot areas.) The water system and gas system cooler penetration
rates are calculated based on the weighted average of the cooler stock in Iran. Table
(4.5) shows the average electricity consumption by households and by appliances in

2005 and 2030.

! The number of hot months is assumed three.



Table 4.5. Average Electricity Consumption by Appliances

Average electricity
Average electricity

consumption of Growth
consumption of households
households (kWh, (%)
(kWh, year), 2005
year), 2030

Lamp<100 W 391 329 -0.69
Lamp 100 W 485 561 0.58
Fluorescent Lamp 315 132 -3.4

Low consumption Lamp 1 53 17.8
Refrigerator 590 525 -0.47
Freezer 186 308 2.04
Mixer 9 8 -0.50
Soft cooker 31 48 1.84
Microwave 16 67 5.94
Tea-coffee Maker 1 26 12.21
Vacuum Cleaner 60 83 1.36
Washing Machine 69 113 1.99
Iron 157 252 1.90
Cooler (water) 111 83 -1.15
Cooler (gas) 170 387 3.34
™v 233 424 2.42
Computer 13 95 8.17
Total 2,837 3,493 0.8

The average electricity consumption by appliances will grow on average by 0.8
percent per year. Appliances such as low consumption lamps, microwave, tea and coffee

maker, air condition, and computer will grow by 3 to 18 percent and traditional lamps and
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water cooler will grow negatively. The number of households using electricity is linked to
population and its future values are estimated using the household to population ratio. In
2005, the household population ratio was 0.25 for the rural areas and 0.20 for the urban
areas. The total electricity demand by households for the period 2005-2030 is obtained by
multiplying the number of households by the total electricity consumption per household. In
estimating the household future electricity consumption, it is assumed that the penetration
rates of the appliances will change as shown in Table (4.4).

Table (4.6) shows the results of the BAU scenario for the household electricity
demand for the period 2005-2030. The number of customers, consumption per household,
and total consumption of electricity by households will grow more rapidly in rural areas
than urban areas. The share of electricity consumption of urban households in total
households’ electricity consumption will reduce by 0.5 percentage point from 85 percent to
84.5 percent. The number of residential customers (households) will grow by 1.2 percent,
consumption per household by 1 percent, and the total electricity use by households by 2
percent on average for the period 2005-2030. Figure 4.2 shows the future trend of the

residential demand for electricity.
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Table 4.6 — Residential Demand for Electricity, BAU Scenario (2005-2030)

Growth (%)

2005 2030
Urban
Number of Customers (million) 12.14 16.3 1.19
Consumption per household per vyear
(Mkwh) 3,319 3,742 0.48
Total Consumption (MkWh)

39,790 65,890 2.04
Rural
Number of Customers (million) 4.4 5.96 1.22
Consumption per household per vyear
(Mkwh) 1,538 2,565  2.07
Total Consumption (MkWh)

6,836 12,119 2.32
Total
Number of Customers (million) 16.6 22.3 1.19
Total Consumption (MkWh) 46,626 78,008 2.08
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Figure 4.2. Residential demand for electricity- MkWh (2005-2030)

Table (4.7) presents the total electricity consumption by appliances in 2005 and
2030. Lighting is the major component of electricity use by household and will remain so
in the future, but its share will reduce from 42 percent in 2005 to 31 percent in 2030 as
the more efficient light bulbs will be substituted for the currently used low efficient light
bulbs. Refrigerators use 21 percent of the total electricity consumption by households,
but its share will reduce to 15 percent in 2030, as low efficient refrigerators will be
phased out. The share of other appliances such as TV, air condition, iron, freezer, and
computer will increase slightly because of urbanization and changes in the households’

life style.
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Table 4.7- Total electricity consumption by appliances- BAU Scenario (2005-2030), (MkWh)

Urban Rural Total Share (%)

2005 2030 2005 2030 2005 2030 2005 2030

Lamp<100W 5309 5436 1,120 1,905 6,429 7,341 14 9
Lamp 100W 6,723 9,872 1,244 2,648 7,967 12,520 17 16
Fluorescent Lamp 4,249 2,564 924 387 5,173 2,951 11 4
Low consumption Lamp 11 937 4 251 14 1,189 0 2
Refrigerator 7,107 9,245 2591 2480 9,699 11,725 21 15
Freezer 3,054 6,163 0 709 3,054 6,872 7 9
Mixer 141 145 0 24 141 168 0 0
Soft cooker 504 1,014 0 68 504 1,082 1 1
Microwave 260 1,373 0 123 260 1,496 1 2
Tea-coffee Maker 24 523 0 51 24 574 0 1
Vacuum Cleaner 979 1,712 0 153 979 1,865 2 2
Washing Machine 1,129 2,187 0 326 1,129 2,513 2 3
Iron 2,586 4,961 0 665 2,586 5,627 6 7
Water Cooler 1,657 1,690 168 165 1,825 1,856 4 2
Air Condition 2,793 7,924 0 709 2,793 8,633 6 11
Y% 3,046 8,241 784 1,228 3,830 9,469 8 12
Computer 220 1,902 0 227 220 2,129 0 3
Total 39,790 65,890 6,836 12,119 46,626 78,008 100 100
4.2. Industry

Industry accounts for about 42 percent of the Iranian GDP, and uses 164.5 mboe or 17
percent of the total energy consumption. Natural gas is the dominant source of energy in

industry, which accounts for nearly half of the total energy used in this sector. The share
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of natural gas in the total energy use by industry has been increasing because of
government’s aggressive policy of substituting natural gas for oil products. This has
caused some difficulties to industries during cold winter months. The National Gas
Company cuts off supply of natural gas to manufacturing industries in order to respond
to household demand, which rises rapidly in winter. We model energy demand in
industry using the survey data on large (more than 10 workers) manufacturing industries
available through the Statistics Center of Iran. We use information at the two digit ISIC*
level in which the manufacturing industries are classified into nine main industry groups.
The list of industries is presented in Table (4.8). Machinery and Equipment
manufacturing industry is the largest industrial group in Iran accounting for about 36
percent of the total manufacturing industries value added. Chemical and Basic Metals
each produce 13 percent, and Refinery produces 9 percent of the total value added by
industrial groups. The shares of Food and Beverages, Non-Metallic Minerals, and
Textiles and Leather in the total valued added are 9, 8, and 6 percent, respectively.
Chemical industry shows the highest energy use (27 percent) among the
manufacturing industry groups, followed by Basic Metals (18 percent), Non-Metallic
Minerals (16 percent), Refinery (11 percent), and Food and Beverages (10 percent). 47
percent of energy used by manufacturing industries is natural gas, 26 percent fuel oil, 17
percent electricity, 7 percent gas oil, 1.7 percent liquefied petroleum gas (LPG), 0.6

percent gasoline, and 0.3 percent kerosene.?

! International Standard of Industry Codes

2 There is a discrepancy between the data published by the Iranian Statistics Center (1SC) and the Ministry
of Power in the Energy Balance (EB) on the energy use by the manufacturing industries. Thisis mainly due
to the difference in the samples used by these two agencies. Here, we have taken the total energy use from
EB and distributed its difference with 1 SC among the industries using their shares from 1SC.
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Table 4.8—- Manufacturing Industries Value Added and Energy Use (2005)

Value Added Share Energy Use Share

Constant 1997 b. Rials % mboe %
Food and Beverages 7,083 9 17 10
Textile and Leather 4,426 6 5 3
Wood and Wood Products 279 0.4 1 0.5
Paper, Pulp and Printing 1,440 2 4 3
Chemical and Petrochemical 10,598 13 44 27
Refinery 7,184 9 19 11
Non-metallic Minerals 6,610 8 26 16
Basic metals 10,008 13 29 18
Machinery and Equipment 28,854 36 7 4
Other industrial 3,119 4 13 8
Total 79,579 100 164 100

Source: The Large Manufacturing Industries Survey, Statistical Center of Iran, and authors calculations.

To estimate the future energy demand by manufacturing industries in the BAU

scenario, the following procedure is used. First, the current rial value added for the nine

large manufacturing industry groups are converted into the constant rial value added

using the corresponding price deflators from the Central Bank Price Surveys. Second,

the future value added is of each manufacturing industries projected by taking into

account the past growth rates as well as the objectives outlined in the Ministry of

Industry plans, the fourth FYDP and the vision. According to the results, most

manufacturing industries would grow on average at the rate of 8 or 9 percent at the

beginning of the period and at the range of 4 to 6 percent per year at the end of the

study period. Third, the energy intensity for each manufacturing industry group is
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obtained using the data on the energy consumption and the value added. The results
are shown in Table (4.9). The energy intensity in the manufacturing industry has been
decreasing on average by 7 percent for the past 15 years, but the rate of decrease has
slowed down since 2000. It is assumed that the overall energy intensity in the
manufacturing industry would continue to decline but at a much slower rate, that is, one
percentage point per year. Fourth, the future energy demand for manufacturing industry
groups is estimated given the energy intensity and the estimated value added for each
group in the next 25 years. In deriving the BAU scenario, the gasification policy of the
manufacturing industry, particularly in Food and Beverages, Wood and Wood Products,
Textile and Leather, and Paper, Pulp and Printing industries, is also taken into account.
The results are shown in Table (4.10) and figure (4.3).

Table 4.9 — Energy Intensity in Manufacturing Industries- BAU Scenario (2005-2030)

BOE/billion rials (constant 1997)

2005 2030
Food and Beverages 2.33 1.82
Textile and Leather 1.02 0.80
Wood and Wood Products 2.87 1.73
Paper, Pulp and Printing 291 2.26
Chemical and Petrochemical 4.19 3.26
Refinery 2.62 2.04
Non-metallic Minerals 3.93 3.05
Basic metals 2.89 2.24
Machinery and Equipment 0.23 0.18
Other industrial 4.25 3.31
Total 2.06 1.58
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The total energy demand by the manufacturing industries will grow on average by

3.4 percent per year reaching from 164 mboe in 2005 to 380 mboe in 2030.

Table 4.10 — Manufacturing Industries Demand for Energy, BAU Scenario (2001-2030),

mboe
2005 2030 Growth (%)
Food and Beverages 17 44 4
Textile and Leather 5 8 2
Wood and Wood Products 1 1 1
Paper, Pulp and Printing 4 10 4
Chemical and Petrochemical 44 106 4
Refinery 19 45 4
Non-metallic Minerals 26 59 3
Basic metals 29 72 4
Machinery and Equipment 7 16 4
Other industrial 13 19 1
Total 164 380 3.4
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4.3. Power Generating Plants

The power generating plants are important part of the energy sector as they are both
energy users and energy producers. In 2005, the power generating plants used 270
mboe oil and natural gas accounting for 28 percent of the total energy used in the
country and generated 110 mboe electricity. The power generating plants use different
types of the energy depending on the type of technology they employ, and produce
electricity for different sectors of the economy. In 2004-2005, about 37.3 GW total
installed capacity was contributed by steam (38%), natural gas (30%), combined cycle
(17%), and hydro (15%) power plants. The electricity generation by renewable resources
is negligible, and by nuclear plant has not been materialized yet. Table (4.11) presents

the structure of the existing power generating plants in Iran.



Table 4.11- Installed Capacities of Power Plants, 2005

Type GW  Share (%)
Steam 14.12 38
Gas 11.2 30
Combined Cycle 6.3 17
Hydro 5.6 15
Renewable 0.034 00
Total 37.3 100

To estimate the electricity production by power generating plants, three steps
have been taken. First, the future demand for electricity by each sector of the economy
is estimated using the future value added as well as the energy (electricity) intensity. It is
assumed that the energy intensity will decrease on average by 0.1 percent per year. The
total electricity demand is obtained by adding the transmission and distribution losses as
well as power plants’ own use, which are assumed to decline by 1 percent based on the
Ministry of Energy plan and the 2007 budget law. The total generation capacity by the
power generating plants is then estimated using the average load factor. The new
capacity needed is assumed to be met by a combination of combined cycle, nuclear, and
renewable power generating plants, as outlined in the energy policies by Tavanir. In
2010, thermal plants will produce 94 percent and renewable and nuclear plants 6
percent of 220 GWh total electricity production.. It is assumed that combined cycle
plants will generate 80 percent and gas turbine plants 20 percent of new thermal
capacities. In addition, the nuclear plants will generate 6000 MWh by 2010, large hydro
18652 MWh, small hydro 2213 MWh, wind power 550 MWh, solar thermal 4 MWh, and

biomass 18 MWh. The pump storage in Siah Bisheh project will also generate 1971
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MWh in 2010. Table (4.12) shows the total electricity capacity generation by power

generating plants for the period 2005-2030.

Table 4.12. Total Electricity Generation in Iran, BAU Scenario (2005-2030)

2005 2030
Total Electricity Consumption by All Sectors (million kwh) 144,296 284,250
Transmission and Distribution Losses (million kWh) 33,847 49,878
Power Plant Own Consumption (million kWh) 8,394 12,246
Total Electricity Generation (million kwh) 186,537 346,375
Average Load Factor (%) 57 57
Total Installed Capacity (GW) 37.35 69.27

Source: Ministry of Energy, Tavanir, and the study projection

Table 4.13 shows electricity generation by existing and future power generating
plants. It is assumed that the nuclear plants will generate the base load with 1000 MW
capacity in 2009 and the thermal plants along with renewable sources will generate the
rest. Based on the Ministry of Energy plan, the new thermal plants will be combined
cycle and the main renewable sources hydro and wind power plants. Hydro installed
capacity will be more than 7000 MW capacity until 2011 and 8500 MW in 2030. The wind
power capacity will increase from 37 MW in 2005 to 1187 MW in 2030. The small hydro
plants, solar thermal, geothermal, and biomass will generate 720 MW, 1 MW, 55 MW,
and 5 MW, respectively. A pump storage plant in Siah Bisheh will be installed in 2010

with the power of 1000 MW.
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# why are the numbers in black or red? This has to be mentioned in the legend of the

table. Please note that some numbers are inconsistent.

Table 4.13. Electricity Generation by Renewable and Non Renewable Sources (GWh)- BAU

Scenario (2005-2030)

2005 2030
Total Electricity generation (million kwWh) 186,537 346,375
Thermal Power Plants 181,817 330,264
Nuclear Power 0 6,000
Renewable Sources 4,720 10,111
Hydro power 4,500 6,750
Wind power 220 2,730
Photovoltaic 0 7
Geothermal 0 303
Solar thermal power 0 4
Small hydropower 280
Biomass 0 18

Source: Tavanir and authors’ estimation

The fuel use by the power plants is estimated assuming that the future thermal
power plants will only use natural gas and that the average efficiency rate will rise from
39.7 percent to 46.1 percent in 2030 because of a better technology. The results are
presented in Table (4.14). The total fuel demand by the power generating plants will
grow on average by 1.81 percent per year for the period 2005-2030. Demand for gas oil,
heavy fuel, and natural gas for the existing plants will decrease on average by 0.22
percent per year, but demand for natural gas by the new power plants will increase by
about 15 percent per year. It is also assumed that solar heat power plants, which will

generate 4 GWh electricity, will need about 1.81 GWh natural gas by 2030.
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Table 4.14 — Energy Demand by Power Generating Plants, BAU Scenario (2005-2030), GWh

2005 2030 Growth (%)

Total Fuel 458,500 717,184 1.81
Gas Oil 47,312 44,827 -0.22
Natural Gas (existing plants) 326,435 309,289 -0.22
Natural Gas (new plants) - 282,729 -
Solar Heat Power Plants - 37.28

Heavy Fuel 84,753 80,302 -0.22
Average Efficiency Factor (%) 39.7 46.1

4.4. Transport

In 2005, the transport sector used 54.7 percent of the total oil product consumption, 0.16
percent of natural gas, and 0.07 percent of electricity. About 450 billion passenger
kilometers were travelled in 2005 by car (54%), bus (41%), train (2%), and airplane (2%).
About 208 billon tones kilometer freight has been transported by trucks (92%) and train
(8%). The main energy types used in the sector are gas oil, gasoline, kerosene, and jet
fuel. Natural gas (LPG and CNG), has been also added to the energy basket of the
sector, but its share is negligible. To estimate the future demand for energy in the sector,
we first model the demand for energy by finding the relationship between the
consumption and the major drivers in each sub sector of transport through regression
equations. We then estimate the future values of demand by applying the basic

assumptions about th