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German-lranian Cooperation
on Sustainable Energy

A Short History of the Genesis

The relationship between the Orient and the Occident in the 20th century was
characterized by vested interests of the West in matters of security of energy supply.
A respectful partnership in the field of energy research for the benefit of both

sides was not an item on the agenda at this time, particularly not with regard to Iran.
However, this one-dimensional geostrategic interest was not conductive to

relieving stresses and conflicts, but instead reinforced them.

Despite the hegemonic “friend or foe” paradigm within the political arena, at the
beginning of 2002 the Wuppertal Institute for Climate, Environment and Energy and
Osnabruck University started a civil-society-oriented initiative with the objective

of developing “Sustainable Energy Policies for Iran” together with Iranian partners.
This project has been designed to generate cooperation, it is based on a win-win
strategy, and it sends a signal of international understanding by means of scientific
collaboration.

As these cooperative efforts have crystallized, it is clear they have been advantageous,
instructive and productive for both sides. The book in hand is an important result

of this collaboration. So its publication lends itself to taking stock of these twelve years
of continued cooperation. This initiative set out to assemble acquired knowledge

on strategies regarding sustainable energy from Germany as well as the rest of the
world and make the most recent and up-to-date research on energy efficiency and
renewable energies accessible to Iran and its scientific and political institutions. In the
first years (2003-2005), the project focused on exchange in the form of topical
discussions on energy policies and the development of mutual understanding through
several conferences and workshops.

Prominent professionals and energy experts from universities, Iranian ministries

and the Energy Committee of the Iranian Parliament, and the private sector all joined in.
The research team, which included Iranian and German energy experts, published

its first report, “Investigation on Potentials, Barriers and Obstacles of Solar Thermal Energy
Development in Iran”in 2005. This report documented the large economic potential

of solar thermal power in Iran by using solar panels, which could also make an important
contribution to the reduction of greenhouse gas (GHG) emissions.

Cooperation between the Iranian and German research teams continued with the Iranian
Energy Association (IEA) joining as a new partner in 2006. The IEA is a young NGO, with
members across academia and energy experts who are involved in scientific energy



studies and projects. The new research collaboration between Iranian and German research
teams on energy studies led to several reports, papers, workshops and presentations

on energy scenarios, energy efficiency, renewable energies and energy education over the
years. The first series of reports on energy scenarios were influential, because they
included the first study to model Iranian energy use in all sectors and show future trends
under various scenarios. The study results showed that Iran could save a significant
amount of energy and reduce its GHG emissions under the efficiency and renewable
scenarios over the next 25 years. The energy project also provided a wonderful opportunity
to exchange knowledge among energy experts from different backgrounds.

The present book is based on these earlier energy study projects in Iran, which started

in 2006. The projects included energy scenario studies (2005-2030) and analyses of
energy efficiency, renewable energy policies, energy price reforms and energy education
programs in Iran and Germany. In this book, the energy scenarios, the energy efficiency
analysis and information about renewable energies have all been updated and revised to
demonstrate the most recent developments in the Iranian economy and the energy
sector. The price reform section also reflects the recent changes after the 2010 energy
removal subsidy program.

We thank Professor Mohammad Hassan Panjeshahi (University of Tehran and former chairman
of IEA, Tehran), Dr. Farideh Atabi (Science and Research Branch, Islamic Azad University, Iran),
Dr. Saeed Moshiri (University of Allameh Tabataba'i, Iran, STM College, University of Saskatchewan,
Canada), Professor Dr. Stefan Lechtenbéhmer (Wuppertal Institute, Germany, IMES, Lund University,
Sweden), Dieter Seifried (Biiro O-quadrat, Germany), Dr. Nikolaus Supersberger (formerly
Wuppertal Institute, Germany) and Magdolna Prantner (Wuppertal Institute, Germany) for their
active contribution in all workshops and as authors of the main studies of the project.

Quite certainly, the project was very fruitful with regard to international knowledge
exchange and concerning its contribution to mutual understanding during a period of
complicated geostrategic conditions.

Wuppertal /Berlin, December 2015

Professor Dr. P. Hennicke
(Former President of Wuppertal Institute for Climate, Environment and Energy, Germany)
Professor Dr. M. Massarrat

(Professor emeritus Osnabriick University, Germany)
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Introduction

Iran is a country endowed with rich natural resources, including high amounts of fossil
and renewable energies and a young and growing population. If properly utilized and
appreciated, these are key assets for a bright future.

In spite of significant obstacles, economic activities and wealth have nevertheless con-
tinued to grow over the past few decades. The recent international agreement, which involves
the removal of the main sanctions on Iran, offers many options for the country to play a
more active and constructive role in the global community. Through restrengthening ties
with other countries and better integration with international developments, Iran will
have great chances to make significant steps forward and to boost economic and social
development. This includes better access to modern technologies to rebuild and develop
its industries, increased chances to export goods, and opportunities to attract more capital
for investment. All these chances have the potential to foster economic development as
well as to create chances for better employment, income and education for the Iranian
population.

However, in the past, energy has been used very inefficiently in all sectors. Energy de-
mand has been growing at much higher rates than the economy overall and wealth, and
energy intensity has increased rather than decreased. These trends have left Iran with a
high per-capita energy consumption and very low economic output per unit of energy
consumed, ranking the country lower than many other countries in the world.

Studies on the future development — such as the scenarios of Iran’s Second National Com-
munication” to the UNFCCC - indicate in their Business-as-Usual projections that energy
consumption in Iran might continue to grow at more than double the pace of economic
growth. This would more than halve the economic efficiency of energy use between 2007
and 2025 and would result in an even more dramatic picture than the one painted in our
BAU scenario (see below). However, the National Communication also shows that policies

to reduce energy consumption growth to almost a fifth of BAU rates could be made availa-
ble.

This inefficiency in the use of energy poses several challenges to Iran. Among other effects,
it is a major hurdle to innovation and economic development. Companies benefiting from
low energy prices in the short term have little incentives to modernize and improve
existing technologies. As a result, their competitiveness decreases on domestic as well

1 http://unfccc.int/resource/docs/natc/iranc2.pdf



Introduction Sustainable Energy Strategy for Iran

as international markets. This problem is further aggravated by the fact that energy
efficiency, new renewable energy solutions and low carbon technologies are some of the
core fields of innovation and economic progress globally. Low domestic energy prices and
subsidies to energy consumption already have significant negative impacts on the public
budget and create high barriers to the modernization and development of the energy
system itself. The efforts taken in the past to reform energy prices show how difficult it is
to change this situation and to depart from traditional ways of doing things. Finally, high and
rising energy consumption and outdated technology also put stress on the environment by
increasing pollution, creating serious threats for health and well-being, particularly in cities.

Currently, politicians have been very active on global climate policy in an effort to give
climate protection more momentum, and a majority of countries, including the largest
emitting countries such as China and the USA, are taking significant measures to reduce
greenhouse gas emissions and thereby mitigate the threat of climate change. This requires
not only industrialized countries committing to take action but also all countries of good
will, and in particular those that have the capacity to do so should act on their emissions.
To date, 155 countries covering around 87 percent of global emissions in 2010 and
88 percent of the global population have submitted their respective plans for emission
reduction. Based on this broad movement, the Conference of Parties to the UN Climate
Convention is obligated to create and implement incentives to direct global investment
pathways into more sustainable energy infrastructures. Some of the incentives include
broadly fostering investment in energy efficiency, renewable energies and low carbon
technologies, as well as supporting joint efforts to speed up innovation and market uptake
of new technology. This development has the potential to successfully divert global invest-
ment patterns from still-dominant fossil fuels toward alternative energy systems. Follow-
ing the traditional energy-intensive and emission-intensive pathways will put a country at
risk of ending up on a one-way street on an expensive, high-carbon development trajectory.
Following the “green pathway” could include huge opportunities for Iran by developing an
efficient and clean industrial economy, which would profit not only from global
developments but also from significant domestic benefits, such as increased competitiveness
of businesses, rising employment, reduced pollution and higher revenues from national
energy assets.

Changing existing trends into new and more promising developments requires a clear
analysis of the current situation and the rationales behind it. It also involves a thorough
analysis of the potentials for change and the challenges and opportunities associated with
more active focusing of energy policy and a more efficient and sustainable energy system.
The aim of this book is to provide some of the analyses needed to rethink the country’s
energy strategy and to grasp the chances.

This book has been written to provide scientific foundations for the decisions to be made
regarding the opportunities and challenges emerging from Iran’s national situation, as well

8



Sustainable Energy Strategy for Iran Introduction

as of that internationally. The book is based on long-term academic cooperation between
Iranian researchers from several universities and the Iranian Energy Association and German
researchers from the Wuppertal Institute for Climate, Environment and Energy and the
University of Osnabriick. Our argumentation relies on solid joint groundwork performed
in recent years. After an initial overview of the current situation in Iran in Chapter 2, the
book starts with a bottom-up energy modeling exercise for different sectors of the
economy, which is used to develop the BAU (Business-as-Usual; Chapter 3) scenario as
well as alternative scenarios (Chapter 4). In order to support the alternative scenarios, the
authors have carried out detailed analyses on the potentials for renewable energies, for
energy efficiency and for the prospects and economics of combined heat and power
production in Iran. The respective measures and good practice policies and instruments
to implement have been collected and documented in several research reports as well as in
Chapters 5 to 7 of this book. Lastly, Chapter 8 takes a closer look at energy price reform in
Iran. This is a particularly crucial policy when discussing possibilities to follow a more
sustainable and efficient energy trajectory and to implement the scenarios depicted in this
book. Current approaches to reform consumer energy prices already constitute good first steps
in the right direction. Such approaches must, however, be strengthened and consequently
implemented in the framework of an overall clear picture of the future energy system.

The scenario analyses in Chapters 3 and 4 entail an in-depth study on energy use in Iran
using bottom-up and econometric methods. These chapters provide a consistent outlook
on how the strategies for a more sustainable energy system could be implemented in different
economic sectors and how they fit together. More specifically, grounded in detailed analyses
of the available options, we developed a differentiated bottom-up scenario analysis con-
sisting of four scenario-based outlooks for Iran until 2030. The basic scenario, presented
in Chapter 3, examines a BAU development with no particularly strengthened emphasis on
improving energy efficiency or the uptake of renewable energies. Under such assumptions,
our detailed sector-by-sector and partly technology-specific analyses show that total energy
consumption as well as total CO, emissions will rise by more than 60 percent over the next
15 years. The analyses also show that such a BAU trend would result in a prolongation and
even exacerbation of the problems already clearly visible in the Iranian energy system and
economic activities. In the BAU scenario, domestic energy consumption would use in-
creasing shares of production, thereby reducing the capability to generate revenues from
the export of oil and natural gas, and emissions would remain at unsustainably high levels.

The three alternative scenarios presented in Chapter 4 take into account the broad range
of technical options for energy efficiency, renewable energy generation and combined heat
and power. These technologies and their potentials for implementation have been assessed
for every energy-using sector in Iran including heavy industry, agriculture, transportation,
commerce, public administration, and households as well as power plants. The analysis
reveals that, by focusing on energy efficiency as well as renewable energies, there is high
but realistically implementable potential to reduce the energy intensity and greenhouse

9
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gas emissions of the Iranian economy. If all strategies were to be implemented together,
their combined result would be capable of stabilizing energy-related CO, emissions in
Iran at about current levels and of even slightly reducing them, without making any com-
promises on economic growth or living standards. Furthermore, all sectors will become
much more energy-efficient by using existing and available technologies, which are largely
beneficial for Iran’s national economy. Through investing in modern technologies and saving
on energy costs, the alternative paths would make domestic businesses more competitive,
create more jobs in the energy efficiency and renewable energy industries, and allow the
country to increase its income from the export of fossil fuels. Furthermore, in the context
of a strong global climate policy, Iran could make a significant contribution to global
greenhouse gas mitigation, and significantly reduce domestic damage from air pollution.

The authors of this book hope to make a contribution to the emerging and rapidly growing
discussion within Iran as well as between Iran and other countries such as Germany on
better energy alternatives and the respective opportunities for investment, innovation and
modernization. Such a strategy would have multiple benefits for the country and for the
international community. We therefore hope that the work presented here will provide
ideas for such opportunities and create a vision of how this could contribute towards
developing a more sustainable, efficient and prosperous future energy system for Iran.

The co-authors, research team members and advisors would like to thank Teresa Gehrs,
Matthew Rees (both proofreading), Stephan Preuf} (design and setting), Hans Kretschmer,
Dorle Riechert and Jana George (all Wuppertal Institute) for their administrative and
editorial help and support.

10



Economy and Energy in Iran; an Overview

In this chapter, the structure and conditions of the Iranian economy and its energy sector
will be briefly reviewed to set a ground for the scenario analysis in the next chapters.

2.1 Macroeconomic Structure and Trends

According to the article 44 of the constitution, the Iranian 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 co-
operative corporations are supported by the public sector, but run privately. In practice,
the role of government in the economy has been increasing as it is the sole recipient of oil
revenues and controls the lion’s share of production and trade. The general economic poli-
cies are highlighted in the Five-Year-Development-Plans and the 20-year Vision. The most
recent Five-Year-Plan calls for privatization and economic reforms and the Vision lays out
the main socio-economic goals and targets according to which Iran will become a main
economic power in the region.

In spite of diversification policies, the Iranian economy is still heavily dependent on oil
export earnings and so is, therefore, the public sector. Oil exports account for more than
66 percent of total exports earnings; nearly 53 percent of the government revenue and
17 percent of GDP. The favorable conditions in the world oil market improved the external
financial conditions considerably in the 2000s, although the recent fall in oil prices
brought about pressures on the government budget and the economy. Regardless of the oil
revenues fluctuations, the challenge still remains to make the best use of oil revenues, to
promote growth, and to further diversify the economy. Despite high oil exports revenues,
particularly in recent years, Iran continues to face budgetary pressure, which leaves the
government with inadequate resources for development projects. Inefficient large public
sector, subsidies on consumer goods and energy, state monopolies, and economic sanctions
have led to increasing budget deficits and inflation. Diversification of the economy and
energy-related activities require the creation of a more favorable investment environment
for both local and foreign investors.

Iran is a mid-income country whose GDP in 2010 was US $ 888.4 billion (purchasing
power parity), ranking 18 in the world, and GDP per capita was US $ 5,675, ranking 71 in
the world (Table 2.1). The total GDP grew annually by 5.1 percent on average in 2000-09,
but slowed down by about 1 percentage point until 2013. Although the recent economic
growth rates are relatively high, thanks to the high oil prices, they are lower than the

11
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government targets under the third and the fourth five-year development plans. Agriculture
accounts for about 6 percent, industry 26 percent, oil 18 percent, and service 50 percent of
economic activities. The share of oil in GDP dropped significantly from 67 percent in the 1970s
to less than 20 percent due to production cuts during the revolution and the Iran-Iraq war in the
1980s. It increased to more than 30 percent in the 1990s, but declined to less than 10 percent
because of the US, EU, and the UN sanctions on oil exports. In addition to direct effects
on GDP, the oil revenues play significant indirect roles in the entire economy (Figure 2.1).
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Figure 2.1. GDP and its Components (constant 2005 billion rials)
Source: Central Bank of Iran, Economic Data (2014)

Population was 74.7 million in 2010, with 72 percent living in urban areas and 28 percent
in the rural areas. The recent population growth has been on average 1.54 percent per year
(2000-2010), after very high rates of above 2 percent in the 1980s (Figure 2.2). The urbani-
zation rate has been changing very fast in Iran, particularly since the 1990s, when only
55 percent of population were living in urban areas. The population structure is rather
young with about 43 percent under the age of 24. The population density is 45.4 persons
per square kilometer. In 2010, active population was 24 million, and unemployment rate
about 14 percent, but it was twice as much among youth. Inflation has been in the range of
11-25 percent per year for the period 2005-2010 (15 percent on average), but has been
rising since then. The price change has been much higher in housing, health care, and
recreational activities. The current account balance was about US $ 27,554 billion and the
trade balance about US $ 37 billion. The total external debt amounts to about US $ 20 billion
($11.5 billion short term external debt and $8.5 billion long term). Iran exports fuels
(71%), chemical and petrochemical products, fruits and nuts, and carpets to China (17%),
Japan (12%), India (11%), South Korea (7%), Italy (6%), the Netherlands (5%), Turkey (4%),

12
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France (4%), South Africa (4%), and Taiwan (4%). 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 UAE (15%), China (13%),
Germany (10%), Italy (7%), South Korea (7%), France (6%), Russia ( 5%) and India (4%).
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Figure 2.2. Population Trends in Urban and Rural Areas
Source: Central Bank of Iran, Economic Data (2014)

Table 2.1. Economic Indicators of Iran at a Glance, 2010

GDP (PPP, $b.) $888.4
GDP per capita $ 5,675
Inflation Rate (%) 12.41
Population (m) 74.7
Unemployment Rate (%) 13.5
Life expectancy (years) 73
Total fertility rate 1.7
Literacy rate (%) 87

Source: Central Bank of Iran, 2010; World Bank, 2014;
Central Bank of Iran, Annual Review, 2011-12

2.2 Energy Sector

Iran is a resource-rich country with immense oil and gas reserves. It, however, faces seri-
ous challenges to capitalize on its resources because of low efficiency, poor policies, and
barriers to foreign investment. Iran has the world forth, and the Middle East second larg-
est proved oil reserves with 157 billion barrels of oil (BOE), and the world second largest
proved natural gas reserves with 34 trillion m? natural gas. In 2010, the total primary
energy production was 2,563 million BOE, 114 million BOE imported, and 1,096 million
BOE exported. The oil production in 2010 was about 3.5 mbl/day, from which 2.6 mbl/day

13
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were exported in 2010. Iran was the world’s third, and OPEC’s second largest oil exporter.2
Natural gas production in 2010 was 143 billion m?® (bcm), ranking forth in the world. Iran
exported 9 bem to Turkey, but imported 12 bem from its Northern neighbors. The total
electricity generation capacity in the country was 65 GW, out of which 24 percent generated
by steam, 37 percent by gas, 23 percent by combined cycles, 13 percent by hydro, and
1.7 percent by renewable energy sources (wind, solar, and others). The electricity production
in 2010 was 240 GWh, ranking 16 (in 2013) in the world.
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Figure 2.3. Energy Intensity in Iran (Barrels of oil equivalent per million rials, constant 2005 prices)
Source: Energy Balance, 2010

The total final energy consumption in 2010 was 1184.6 million BOE. The share of households
of the total final energy consumption was 27 percent, industry 25 percent, transport 24 percent,
agriculture, public, and commercial 9 percent, and others including non-energy use 15 percent.
The higher shares of energy consumption by transport and households are consistent with
the energy subsidies received by these sectors. Transport received 42 percent of the energy
subsidies, household 30 percent, and industry 13.5 percent (Energy Balance, 2010).

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 4 percent annually for the period 2001-
2010. However, as Figure 2.3 shows, the energy intensity has also been increasing on aver-
age by 1 percent for the period 2001-2010, indicating a decreasing trend in efficiency of
energy use. As it is evident in Figure 2.4, the energy intensity in Iran is 1.8 times as much
as that in the EU and greater than that in MENA (Middle East and Northern Africa) and
low-income countries. Figure 2.5 shows the primary energy supply and final consumption,
and Table 2.2 summarizes the major energy production and uses in 2010.

2 The oil production and exports were dramatically declined after the tightening of the US, EU, and the UN sanctions on the
Iranian energy and the financial sectors.

14



Sustainable Energy Strategy for Iran Economy and Energy in Iran; an Overview

200
180
160
140
120
100
80
60
40
20
0
Iran MENA Low- Income OECD
Countries

Figure 2.4. Energy Intensity in Iran and Selected Regions (2010)
(Kg oil equivalent per $1000 GDP, constant 2011 PPP)
Source: World Bank, World Development Indicators (2014)

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 2.6-2.8
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 industry. Households
and Industry are also two major users of the natural gas and electricity. The energy factor,
defined as the ratio of the growth rate of energy use to the GDP growth rate, has also been
higher by 35 percentage points in Iran compared to the world for the period 2001-2011.
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Figure 2.5. Primary Energy Supply and Final Consumption (MBOE) (2000-2010)
Source: Energy Balance (2005 & 2010)
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Figure 2.6. Petroleum Products Consumption by Sectors
Source: Energy Balance (2005 & 2010)

Table 2.2. Energy production and use in Iran (2010)

Primary Energy Production (MBOE) 2562.9

Primary Energy Exports (MBOE) 1095.8

Primary Energy Imports (MBOE) 114.3

Primary Energy Use*(MBOE) 1060

0il Proven Reserve (bbl) 156.5 World rank: 4, Middle East rank: 2
0il Production (mbl/day) 43 World rank:4, OPEC rank: 2
Oil use (mbl/day) 1.7

0il Exports (mbl/day) 2.5 World rank: 3, OPEC rank: 2
Natural Gas Reserves (tcm) 33.8 World rank: 2

Natural Gas Production (bcm/year) 230 World rank: 4

Natural Gas Use** (bcm/year) 152.7

Natural Gas Exports (bcm/year) 9.5

Natural Gas Imports (bcm/year) 11.8

Electricity Nominal Capacity (GW) 65.2

Electricity Production (bkWh/year) 240.1

Energy Use per capita (BOE/cap) 15.85

Energy Intensity (boe/million rials) 1.94

Energy Factor (Final use growth/GDP growth) 0.97*** (2001-11)

MBOE: million barrel oil equivalent , bbl: billion barrel, bcm: billion cubic meter, tem: trillion cubic meter, GW: Giga Watt, bkWh: billion kilo watt hour
*Including primary energy used by power plants  ** Excluding natural gas that re-injected, vented, or flared.

**%This is not consistent with the declining energy intensity trend

Source: Energy Balance, (2010); OPEC Annual Statistical Bulletin, 2013; World Bank, World Development Indicators, 2014;

IMF, World Economic Outlook, 2014
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Figure 2.7. Natural Gas Consumption by Sectors
Source: Energy Balance, 2005 & 2010
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Figure 2.8. Electricity Consumption by Sectors
Source: Energy Balance, 2005 & 2010

2.3 Energy Policies
Iran’s vast energy resources along with subsidization policy 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
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increasing and is almost twice as high as world average. Although Iran has not had any
comprehensive plan for energy, it has embarked some short run and medium run policies
for energy production and consumption in different periods. We can identify four main
policies that have influenced demand for energy for the period 1980-2010. 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 has been to keep up with
oil production according to the OPEC recommendations. 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 in the energy sector.

2.3.1 Energy Subsidies

There are many different estimates for energy subsidies in Iran, but it is generally agreed
that Iran’s energy subsidies are one of the highest in the world. However, the subsidy esti-
mates range between 0.5 to 12 percent of GDP depending on different measures and sources.
The main discrepancy in the estimations of subsidies arises from different calculation
methods used to estimate supply cost. Some 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 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.

Table 2.3 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 distri-
bution of subsidies by energy type also shows that gas oil receives the 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 dif-
ferent types of energy vary. For instance, it is expected that the share of gasoline and natural
gas to increase as their prices rise rapidly.

Table 2.3. The Energy Subsidies by Sector and Energy Type, 2000 (percent)

L i e o | ool

Gasoline 17.6 17.8
Kerosene 7.5 0.0 0.2 - 0.1 0.2 8.2
Gas oil 13 3.8 42 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 33 - 1.1 3.4 25.7
Natural Gas 4 2.5 - - 0.5 - 7
Total 25.4 24.4 7.8 33.5 3.6 53 100.0

Source: Ministry of Energy, 2001
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Although government has raised the energy prices in 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 ag-
gressive measure to reform the energy market, that is, to increase the gasoline prices to the
border prices. However, the newly elected government and parliament did not continue
with the plan and froze the fuel prices in 2006 and 2007.

The subsidy problem is more prominent in the case of gasoline consumption, which
received one third of the total energy subsidies in 2010. Gasoline price was at around 10 cents
per liter, which was 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 2001-2010. It has also led
to a high concentration of air pollutants along with other social and economic problems,
such as more pressure on roads and infrastructures and congestions in large cities. In re-
sponse to a rapid growth in gasoline consumption, government drew on the Oil Reserve
Fund to import about 40 percent of domestic consumption in 2007 making Iran 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 1,000 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.

The subsidy program in the energy sector is unsustainable because of increasing op-
portunity costs associated with high international oil prices and pressure on government budget
causing macroeconomic instability and uncertainties in providing basic public services.
The high energy subsidies are also contributing to more inefficiency and environmental
degradation. However, government is faced with many difficult issues regarding the removal
of subsidies. These issues include macroeconomic impacts of price reform on inflation,
unemployment, balance of payment, and income distribution, particularly in the short-run.
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 industries
and social groups who would suffer the most under the new scheme and lay out the details
on how to compensate for their loss of production and income.

Removing energy subsidies would impact prices, exchange rates, trade, and cost of
living. Consumers would have to pay higher prices for energy as well as non-energy goods
and services, particularly those whose prices are more energy dependent. While the im-
pact of a price rise on energy goods would be immediate, the impact on non-energy goods
and services might take time. Overall, a rise in energy prices would only have a short-run
inflationary effect, since prices would adjust to their new equilibrium level after the tran-
sitory period is over. 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,
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while a rise in diesel and kerosene prices in Indonesia and Turkey led to higher inflation
rates by 0.6 and 16 percent, the inflation rates in Malaysia and Zimbabwe were lower by
80 percent and 40 percent, respectively, after two year of price change (Hope and Singh,
1995). 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 (World Bank, 2003). The higher energy prices will decrease the energy
consumption by household, as they will use energy more efficiently. However, the changes
in cost of living will vary in different income groups depending on their expenditure patterns
as well as price elasticity of demand, energy consumption and energy elasticity of output.
Government can return the additional revenues generated to the low- and mid-income
households.

Removing energy subsidies will also increase the relative costs of energy intensive in-
dustries, which will likely lead to a lower domestic production and changes in trade as
Iran will import more energy-intensive goods and will export more crude oil. Exporting
more crude oil will increase foreign reserves leading to an appreciation of the domestic
currency 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.

Although energy price reform is inevitable in Iran, it may have striking adverse economic
and social impacts, should it not be carried out properly. For an effective energy price
reform, government should take measures beyond the subsidy removal. For instance,
energy market structure needs to change in favor of more competition in production and
distribution of energy, and a sound plan for the transition period to avoid major socio-
economic disturbances is required. The reform also needs to ensure the relative energy
prices remain high so that inflation does not absorb the effects of the initial higher energy
prices. As it will be discussed in next chapters, a series of non-price policies are also required
to help increase energy efficiency. Therefore, it is imperative to study the various effects of
the policy using economic models that take into account all different sectors of the
economy and analyze alternative scenarios. The outcome of such detailed studies would
help policy makers to foresee the potential benefits and challenges and thus design
appropriate policies that would capitalize on advantages and alleviate the adverse effects.
Chapter 8 will examine the impacts of energy price reform on household consumption in
more detail.

2.3.2 OQil Policy

Iran is one of the founders and a long-standing member of OPEC and had the second largest
production among its members after Saudi Arabia until 2010. Iran has maintained its
production level in OPEC, but has recently cut its exports due to higher domestic
consumption and sanctions. Faced with capital constraints, Iran recognized the importance
of foreign investment in the oil sector to expand new fields and increase the recovery
factor in the existing fields, and offered a “buy-back” contract to foreign investors. This
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new form of contract allowed 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 were banned from investing in Iran by
the US sanction law, participated in exploration and development of the Iranian oil and
gas fields in the 1990s and 2000s. The companies left Iran after the new sanctions on in-
vestment, trade, and financial sectors were imposed in 2008, but they are expected to
return after the removal of sanctions following the recent agreements between Iran and
the 5+1 group.

2.3.3 Natural Gas Development

The third important energy policy in Iran has been the fast development of natural gas
tields since the 1990s. This policy gained momentum particularly 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 a large share of its ever-increasing gas production to substitute natural gas
for domestic consumption of oil products in different sectors. Producing natural gas is rel-
atively cheap and its exports to the world market is currently limited only to neighboring
countries. Therefore, the policy of gas substitution has freed up crude oil for exports gen-
erating more revenues for the government. In addition, since natural gas is more environ-
mentally friendly, its use for domestic consumption helps reduce pollution. Although the
lower price for natural gas has made the natural gas substitution policy successful, the
rapidly rising and inefficient use of natural gas, especially in the residential sector, is a
growing concern.

Natural gas has also been increasingly used for injection into oil wells. This policy has
two positive effects. First, it leads to a higher production of oil as the recovery factor of
oil wells increases. Second, it saves the injected natural gas for future extraction. Iran is
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, if the necessary investments take
place and domestic consumption permits. There are different projects such as exporting
natural gas to India through Pakistan, and to Europe through Turkey and other Eastern
European countries.

2.3.4 Electrification

The fourth energy policy is the electrification of rural areas by investing in new trans-
mission lines to reach remote areas and by keeping the electricity prices 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, which changed the energy
consumption and living conditions in those areas. The policy continues by encouraging
rural residents to substitute electricity for oil products particularly for motor pumps.
Electrification is seen as a way to free up crude oil for exports, since most power plants
use natural gas to produce electricity. The policy has also helped many rural communi-
ties access clean energy and reduce environmental problems such as deforestation.
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2.3.5 Other Energy Policies
Some other important policies in the energy sector can be listed as follows.

1.

22

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

. 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 inefficient and pollutant old taxies 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.

. Iran has attempted to develop nuclear energy by completing the Bushehr nuclear plant

and making investment in other new plants. The Bushehr plant, which started in the
1970s, has experienced many international challenges for the past three decades, but it
has finally become operational in 2013. The capacity of the nuclear plants is at least
1000 MW.



Historical Trends and
Future Energy Consumption

3.1 Introduction

In this part, we model the energy demand for different sectors of the economy and
project their future trends assuming alternative scenarios for the 2010-2030 period.
The economic sectors included in this study are households, manufacturing indus-
tries, transportation, and others, including the agricultural, commercial and public
sectors. We also study the energy consumption and production of electricity by power
generation plants themselves. Our primary approach for modeling the energy demand
is the end-use or computational approach, although econometric modeling is also
used, data permitting. For instance, in modeling demand for the transportation sector,
the relationship between the energy demand and its major drivers is estimated using
econometric methods. In other cases, such as electricity, where survey data is available,
the computational approach has been used. To model the energy demand for each
sector, we first review the historical trends of energy uses and identify the fundamental
drivers of demand and then project future energy demand using three scenarios:
Business-as-Usual (BAU), efficiency and renewable energy. In our scenario development,
we make use of all available information about current and future policies and plans
with respect to the structure of the economy and, in particular, the energy sector.

The BAU scenario describes a consumption path that can be characterized as the
development of demand if no far-reaching changes in consumption patterns are made.
Therefore, it basically assumes that the economy and the energy sector will follow past
trends. It also takes into account new developments in the economy based on patterns
of world economic growth as well as policies outlined in the Five-Year Development
Plan (FYDP) and the 20-Year Vision of the country. The efficiency scenario will apply
technical efficiency measures to energy demand and electricity generation to derive an
alternative consumption path for energy consumption in Iran. The renewable energy
scenario will also apply certain assumptions to developing renewable energy sources
in Iran to show impacts on energy demand for non-renewable energy and the environ-
ment. At the end of chapter, we will compare the results of the alternative scenarios.
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3.2 Methodology

There are two general approaches to model final energy demand: top-down and bottom-up.
The top-down or econometric method uses historical data at the macro level to estimate
consumption trends and the effects of socio-economic variables on the demand for energy.
These models draw on the economic theory of demand for inputs (derived demand),
which suggests variables such as prices and income as the main determinants of the
demand for energy. In contrast, the bottom-up, also called the techno-economic or the
computational, approach uses energy billing data and detailed survey information on
households, appliances and capital characteristics to determine the end-use energy
consumption by each type of appliance or capital and to simulate the total energy
consumption for a sector, region or the economy.?

Top-down and bottom-up approaches have been used extensively in the energy-
demand modeling literature. For instance, Bentzen and Engsted (2001) used a simple
econometric model to estimate energy consumption in Denmark. Haas and Schipper
(1998) developed an econometric model to estimate energy elasticities in the US, Japan,
Sweden, Germany and the UK for different time periods. Filippini and Hunt (2011)
applied a stochastic frontier analysis to estimate energy demand and energy efficiency in
the OECD countries for the 1978-2006 period. Crompton and Wu (2005) used the Bayesian
Vector Autoregressive model to forecast China’s demand for energy. Examples of applica-
tions of the bottom-up approach are Kohler et al. (1999) for the German construction sector,
Huang and Broderick (2000) for the American building stock, Murakami et al. (2009) for
the construction sector in Japan, Palmer et al. (2006) for housing energy demand in the
UK, Farahbakhsh et al. (1998) for the Canadian housing stock, Lechtenbéhmer and
Schiiring (2011) for the EU building stock and Griffith et al. (2007) for commercial
buildings in the US. Koopmans and te Velde (2001) combined these approaches by using a
top-down model and employing bottom-up information to estimate demand for energy in
the Netherlands.

The techno-economic approach has some advantages over the conventional top-down
or econometrics models that are commonly used in energy demand analysis. First, econo-
metric models use historical data to capture trends and macro-economic and socio-economic
effects, but they often require data that reflects market equilibrium, which may not be
available in a developing country such as Iran due to government intervention in the market
and distorted prices. Techno-economic models get around this problem by using non-
price observations based on energy surveys, technical studies and energy audits. Second,
techno-economic models generate more accurate predictions than econometric models in
the long run as they are more flexible in taking into account all information and allowing
for future policy changes in forecasting. Third, relying on continuous historical data,

3 The microeconometric approach also uses micro survey data at the household or firm level to estimate demand for energy.
This method has an advantage over macro-level analysis, as it can control for the characteristics of the household and/or the
firm, and makes use of detailed information on capital and its utilization. However, the results might not be applicable to
long-run behavior as the data span for such surveys is limited.
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econometric models do not fully capture technological effects as well as structural changes,
both of which are critical in the analysis of energy consumption. Therefore, those models
often do not adequately address the effects of new technologies or a change in regime on
energy consumption. Disadvantages of the bottom-up models are the requirement for
detailed input information and many assumptions on household or firm behavior. They
also do not use economic variables such as prices, and are computationally intensive.

In general, the selection of the approach depends on the objective of the study. If the
aim is to study the trend, assuming that there would not be a discontinuity, or to obtain
elasticities to conduct short-run macro policy analysis, the top-down approach may be the
better option for modeling energy demand. However, as Swan and Ugursal (2009) have
noted, if the objective is to generate long-run projections and to evaluate the effect of new
technology or to examine different scenarios with significantly altered policies, the advan-
tages of the bottom-up approach would outweigh its disadvantages and, therefore, it would
be a better choice.* Furthermore, as Bhattacharyya and Timilsina (2010) and Urban et al.
(2007) point out, the econometrics approach is based on the idea of representative con-
sumers or producers, and might generate biased results when applied to developing coun-
tries where consumption behavior varies widely by income group and location. Therefore,
the bottom-up approach is more appropriate for modeling energy in developing countries,
because it can take into account factors such as individual heterogeneities, rural-urban
differences, traditional and modern energy sources, the transition to a modern economy,
and non-monetary transactions.

In this section, we use the techno-economic or end-use modeling approach to model
demand for energy in Iran and to project long-run demand under alternative scenarios.
The demand for energy is a derived demand, as energy is used to generate services such as
heat or light for households or businesses. Therefore, it depends on whatever equipment
(capital) uses energy. The demand for energy of type j in sector h with M capital at time ¢
can be modeled as follows.

M
Enjt = EH @ir eijt Ki ,h=1,..,H,j=1,2, ... (1)

where Ey; is the demand for energy of type j in sector h at time f, K is an i energy-
using capital or a consumer durable good, ey is the type j energy coefficient (or specific
energy intensity) for capital i and ¢, is the utilization rate of capital i. Although price
and income, the main components of energy demand models in econometric models,
are not present here, they affect E indirectly through their impacts on parameters e and
¢ (Pesaran et al., 1998). For instance, higher energy prices will lead consumers to use
energy more efficiently, which means lower e, or less use of capital, which implies lower
¢. Higher income will also increase ¢ and may increase or decrease e.

4 For a comparison between econometric models (conditional demand analysis) and end-use models,
see Larsen and Neshakken (2004); for a survey on modeling techniques, see Swan and Ugursal (2009).
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Any estimation of E requires detailed information on K as well as energy consumption
behavior parameters: e and ¢. This data is usually obtained from household or industry
energy surveys, expert surveys, technical studies and energy audits. In some cases,
where the desired disaggregated data is not available, we rely on econometric analysis
to obtain a historical trend, but adjust the results for the likely structural and major
policy shifts when we use them for long-run forecasting. In this study, we estimate
demand for six types of energy (J = 6: fuel oil, gas oil, kerosene, gasoline, electricity and
natural gas) in four sectors (H = 4: household, manufacturing industries, transportation
and others: commercial, public sector and agriculture).

3.3 BAU Scenario

The BAU scenario describes a likely energy demand path if no far-reaching changes in
consumption patterns are made. Therefore, it assumes that the variables will basically
follow past trends, but it incorporates new developments in the economy and likely
policy changes. For instance, the policies outlined in the national Five-Year Development
Plan (FYDP) and the 20-Year Vision for the country, such as investment priorities in
manufacturing industries and increasing the share of natural gas in domestic consumption,
will be taken into account in the BAU scenario.

GDP and population are two major variables driving energy demand. Using past trends
and recent developments and policies, we project the future values of those variables.
Economic growth and population growth have been relatively high but volatile for the
past 30 years. Specifically, the average economic growth rates changed between -1 and
10 percent for the 1961-2000 period. The negative and the slow growth rates in the
1970s and 1980s were mainly due to disruptions in economic activities during the 1979
revolution and the following eight-year war with Iraq, as well as the higher growth rates
thereafter caused by favorable oil prices and post-war reconstruction activities. Growth
rates were also negative in 2012-2014, mainly because of tightening international
sanctions against the Iranian economy, particularly in the key sectors of energy and
finance. The population has been growing on average by 2.3 percent over the past
40 years, ranging between 1.4 and 3 percent. The unprecedented high population
growth rates in the 1980s were mainly due to the abandoning of family planning programs
and to government support for larger family sizes in that period; the slower growth rates
in the following years were due to changes in the policies and household behavior asso-
ciated with the new economic conditions such as an increasing cost of living. Figure 3.1
shows the GDP and population growth rates for the 1961-2010 period.
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Figure 3.1. GDP and Population Growth Rates (1961-2010)
Source: Economic Time Series Data, 2014.

We assume that economic growth rates will slow down and stabilize as the economy
enters a higher stage of development in the next 20 years. Specifically, our BAU scenario
will be based on 3.4 and 3 percent GDP growth for the 2010s and 2020s, respectively.
Also, the population is expected to grow by 1.4 in the 2010s, but the growth will slow
down to 1 percent as the economy develops in the 2020s. In the following sections, we
present the results of the end-use model for energy demand in different sectors. The
scenario model is calibrated in every sector to the base year 2010.°> Appendix A shows
the work flow for the scenario analysis.

3.3.1 Households
Households are one of the major energy users in Iran, accounting for about 32 percent
of the total final energy consumption. Specifically, households use about 20 percent of
total oil products, 46 percent of natural gas and 28 percent of total electricity consump-
tion. The energy mix in the household energy consumption basket has changed marked-
ly since 1990, mainly because of the government’s policy of substituting natural gas for
oil products. While household consumption of oil products has decreased, the consump-
tion of natural gas and electricity has increased by 8 and 5 percent per year, respectively,
for the 1996-2010 period.

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 aggre-
gate data, but we model the demand for electricity using micro data on appliances and
electric devices.

5 An earlier version of this study used 2005 as its base year.
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Fuel

Natural gas is now a major source of energy in the residential sector. In 2010, Iranian
households used about 55 MBOE of oil products (kerosene, gas oil and LPG) and about
273 MBOE of natural gas. About 9 million households, 45 percent of all households,
had access to natural gas in 2010; this is projected to continue to grow on average by
about 3.5 percent or 350,000 households every year that will join the natural gas grid.
We estimate the relationship between the demand for fuel and its long-run determi-
nants, population and income, using a regression equation. The estimation results show
that GDP and population can explain more than 98 percent of the variations of house-
hold demand for fuel; both have statistically significant coefficients. The population
effect with a coefficient of 0.8, however, is stronger than the GDP effect with a coefficient
of 0.5. Figure 3.2 shows actual and predicted demand for fuel for the 1993-2010 period.
The future demand for fuel by households is projected using the estimation results and
the assumptions on the future values of GDP and population as presented earlier. The
demand for kerosene, gas oil, LPG and natural gas are estimated using the shares of
each energy type based on existing and future government policies. Specifically, the
government policy to increase the share of natural gas in the household energy basket
from 79 to 95 percent has been incorporated in the estimation of the future shares of
energy types in household demand for fuel. Accordingly, the shares of kerosene and
LPG are projected to decrease from 12 and 2 percent in 2010 to 2 and 1 percent in 2030,
respectively. Households had also started using solar energy by as much as 1 percent of
the total fuel consumption in 2010, which will grow to 5 percent by 2030.
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Figure 3.2. Actual and Predicted Household Demand for Fuel

The use of oil products and natural gas by households is broken down into space heating,
cooking and water heating. It is assumed that 100 percent of kerosene is used for cooking,
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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 throughout the study period. Table 3.1 shows the BAU scenario for household
consumption of oil products, natural gas and solar energy in different types of their use.
The results indicate that household demand for kerosene and LPG will decline on average
by 6 percent and 1 percent per year, respectively, while the demand for gas oil and natural
gas will increase by 1.7 and 3.5 percent, respectively, over the 2010-2030 period. The de-
mand for solar energy will also rise on average by 11.5 percent per year for the 2010-2030
period. The total demand for oil products, natural gas and solar energy by household is
projected to grow by 3 percent per year on average, increasing from 332 MBOE in 2010 to
603 MBOE in 2030. Figure 3.3 shows the trend of the future household demand for oil
products, natural gas and solar energy.
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Figure 3.3. Household Demand for Oil Products, Natural Gas and Solar Energy, BAU Scenario (2010-2030) (MBOE)
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Table 3.1. BAU Scenario Results for Household Demand for Fuel by Application (2010-2030)
Share (%) 2010 (MBOE) |2030 (MBOE) |Growth

(%/year)
Kerosene 39 11 -6.0%
Space Heating 0 0 0
Cooking 100 39 1
Water Heating 0 0 0
Gas Oil 8 11 1.7%
Space Heating 80 7 9
Cooking 0 0 0
Water Heating 20 2 2
LPG 7 6 -1.1%
Space Heating 0 0 0
Cooking 50 4 3
Water Heating 50 4 3
Natural Gas 273 546 3.5%
Space Heating 75 205 409
Cooking 10 27 55
Water Heating 15 41 82
Solar* 3 29 11.5%
Heating 2 21
Cooking 1 3
Warm Water 0 4
Total 332 603 3.0%

*The solar share will increase from 1 percent in 2010 to 5 percent in 2050.
Sources: Energy Balance (2012); and authors’ calculations.

Electricity

Household demand for electricity is estimated using a bottom-up approach. This approach
uses micro level data that allows for the analysis of various scenarios regarding changes in
technology, penetration rates and other determinants of demand. Demand for electricity
(E) by a household depends on electrical appliances, penetration rates and efficiency as
follows:

M

El’ = 2 ((‘P]t eljt))
~ 2)
J_

eljt =€jt Kjt

where ¢ is the penetration rate and elj is the amount of electricity used by each appliance
measured by the number of appliances (K) multiplied by their energy coefficients (e). M is
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the total number of appliances in a household. The total demand for electricity (TE) can
then be estimated using the information on population and family structure as follows:

TE: = [N X(147)'/n] X(C/H)x(E)  (3)

where N is the population in the initial year, r the population growth rate, n the size of the
household, C the number of customers and H the number of households.

We use data from reports by TAVANIR as well as a survey on household electricity
consumption in Tehran by the Regional Electricity Company (TREC), a survey on house-
hold energy consumption conducted by the Statistical Center (2010) and Energy Balance
(2012) to estimate the household demand for electricity. General information about resi-
dential electricity consumption in Iran is presented in Table 3.2. In 2010, about 22 million
customers used electricity, of which 81 percent were urban. The ratio of customers to the
overall population is 0.34 in urban areas, and 0.20 in rural areas.® That is, on average an
urban customer consists of three persons and a rural customer of five persons.

Table 3.2. Household Electricity Demand (2010)

T i ol |

Number of Customers (million) 18.040 4185 22.225
Population (million) 53.808 20.925 74.733
Persons per Customer 3.0 5.0 3.4

Consumption (GWh) 49,332 7,355 56,687

Source: Energy Balance (2012), Household Energy Survey (2010) and the authors’ calculations.

The major appliances used by Iranian households are reported in Table 3.3. Most modern
appliances are used by urban households, but as the economy develops, the penetration
rates of new appliances and electronic devices will increase. The major changes are as-
sumed to occur in the penetration of lamps, freezers, microwaves, air conditioners and
computers. The government policy to encourage the use of low-consumption lamps (CFL)
and the gradual realization of the benefits of using those lamps by households will lead to
a higher penetration rate of new lamps. As income rises, the use of some appliances such
as freezers, microwaves, tea/coffee makers, washing machines and, particularly, air condi-
tioners and computers will also increase. There is no data on appliances for rural areas,
but the penetration rates of appliances for rural households are estimated using general
information about the living condition of households in those areas. For instance, the
penetration rates for appliances such as freezers, microwaves and washing machines are
assumed to be zero and for appliances such as TVs and refrigerators a fraction of 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. Table 3.3

6 The ratio for urban households was 0.25 in 2005.
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shows the penetration rates of household appliances for urban and rural areas in 2010 and
their projected values for 2030.

To estimate the penetration rate of various cooling appliances information on electricity
use in “very hot” and “hot” regions is used. Most people living in southern as well as some
relatively hot and humid northern areas use air conditioning during hot months. We first
estimate the number of cooling systems 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 air conditioners and water coolers used in Iran. In total,
there are about 22 million households connected to the national grid in Iran, of which
about 4.87 million households live in hot areas (70 percent of these in "very hot” areas and
30 percent in “hot” areas). Water cooler and air conditioner penetration rates are calcula-
ted based on the weighted average of the cooling appliances stock in Iran. Table 3.4 shows
average electricity consumption by appliances in 2010 and 2030.

Table 3.3. Penetration Rates of Appliances Used by Iranian Households,
BAU Scenario (2010-2030)

Lamp <100 W 2.00 2.00 2.00 2.00
Lamp 100 W 1.50 1.50 1.50 1.50
Fluorescent Lamp1 1.50 1.50 1.50 1.50
Low-Consumption Lamp 1.25 6.47 1.25 3.70
Refrigerator 1.05 1.05 1.00 1.05
Freezer 0.27 0.70 0.00 0.30
Mixer 0.47 0.70 0.00 0.20
Soft Cooker 0.18 0.40 0.00 0.10
Microwave 0.13 0.70 0.00 0.20
Tea/Coffee Maker 0.04 1.00 0.04 0.20
Vacuum Cleaner 0.86 1.00 0.20 0.50
Washing Machine 0.80 0.90 0.00 0.50
Iron 0.73 1.00 0.00 0.50
Cooler (Water System) 0.71 0.80 0.70 0.70
Air Conditioner 0.30 0.60 0.20 0.40
TV 1.01 1.20 0.80 1.00
Computer 0.45 2.00 0.10 0.50
Dishwasher 0.10 0.70 0.00 0.10

Sources: Tehran Regional Electricity Company (TREC), different years; Household Energy Consumption Survey (2010);
and authors’ estimation.

7 The number of hot months is assumed to be three.
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Table 3.4. Household Average Electricity Consumption by Appliances (kWh/year)

I I N I

Lamp <100 W -0.4
Lamp 100 W 243 243 0.0
Fluorescent Lamp 110 82 -1.5
Low-Consumption Lamp 30 102 6.2
Refrigerator 609 627 0.1
Freezer 126 365 5.5
Mixer 9 1 1.0
Soft Cooker 21 50 45
Microwave 14 95 10.0
Tea/Coffee Maker 2 51 17.1
Vacuum Cleaner 79 99 1.1
Washing Machine 97 143 2.0
Iron 149 258 2.8
Cooler (Water) 95 99 0.2
Air Conditioner 477 961 3.6
v 268 445 2.6
Computer 30 190 9.6
Dishwasher 20 138 10.1
Total 2,551 4,115 1.9

Growth rates are rounded.
Sources: Tehran Regional Electricity Company (TREC), different years;
Household Energy Consumption Survey (2010); and authors’estimation.

Average electricity consumption by appliances will grow on average by 1.9 percent per
year for the 2010-2030 period. Electricity consumption by appliances and electronic de-
vices such as freezers, microwaves, tea and coffee makers, air conditioners, low-consump-
tion lamps and computers will grow by between 1 and 17 percent, but consumption by
traditional lamps will decrease. The number of households using electricity is linked to
the population, and its future values are estimated using the household-to-population ra-
tio, which was 0.34 for urban areas and 0.20 for rural areas in 2010. The total electricity
demand by households for the 2010-2030 period is obtained by multiplying the number of
households by the total electricity consumption per household using the penetration rates
reported in Table 3.3.

Table 3.5 shows the results of the BAU scenario for the household electricity demand
for the 2010-2030 period. The number of customers, consumption per household and total
electricity consumption by households will grow on average more rapidly in urban areas
than in rural areas. The ratio of urban-rural household electricity consumption will
increase from about 7 in 2010 to 9 in 2030, and the per household consumption ratio from
1.5 to 1.6. The number of residential customers (households) will grow by 1.3 percent, and
the total electricity use by households by 3.8 percent on average for the 2010-2030 period.
Figure 3.4 shows future trends for the residential demand for electricity.
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Table 3.5, Residential Demand for Electricity, BAU Scenario (2010-2030)

2010 2030 Growth (%/year)
Urban
Number of Customers (million) 18.04 24.09 1.46
Consumption per Household per Year (kWh) 2,735 4,386 2.4
Total Consumption (GWh) 49,332 105,521 3.9
Rural
Number of Customers (million) 418 4.80 0.68
Consumption per Household per Year (kWh) 1,758 2,782 2.3
Total Consumption (GWh) 7,355 13,328 3.0
Total
Number of Customers (million) 22.22 28.88 1.32
Total Consumption (GWh) 56,687 118,848 3.77

Source: Tehran Regional Electricity Company (TREC), different years; Household Energy Consumption Survey (2010);

and authors’ estimation.
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Table 3.6 presents the total electricity consumption by appliances in 2010 and 2030.
Lighting is the major component of electricity use by households, and will remain so in
the future, despite the use of more efficient light bulbs. Refrigerators use 27 percent of the
total electricity consumption by households, but its share will fall to 15 percent in 2030 as
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less efficient refrigerators are phased out. The share of other appliances and electronic
devices such as air conditioning units, freezers, dishwashers and computers will increase
because of urbanization and changes in households’ lifestyle.

Table 3.6, Total Electricity Consumption by Appliances, BAU Scenario (2010-2030) (GWh)

M O I o e o

Lamp <100W 3,055 3,746 709 3,764 4,491 3.8
Lamp 100W 4,384 5,854 1,017 1,164 5,401 7,018 9.5 5.9
Fluorescent Lamp 1,984 1,973 460 392 2,444 2,365 43 2.0
LcL* 544 2,632 130 300 674 2,932 1.2 2.5
Refrigerator 11,107 15,176 2,437 2,917 13,545 18,094 [23.9 15.2
Freezer 2,806 9,713 0 828 2,806 10,541 4.9 8.9
Mixer 201 295 0 24 201 319 0.4 0.3
Soft Cooker 468 1,388 0 69 468 1,457 0.8 1.2
Microwave 316 2,631 0 125 316 2,755 0.6 2.3
Tea/coffee Maker 40 1,431 9 52 49 1,483 0.1 1.2
Vacuum Cleaner 1,676 2,602 90 259 1,766 2,860 3.1 2.4
Washing Machine 2,158 3,740 0 397 2,158 4,137 3.8 3.5
Iron 3,321 6,787 0 675 3,321 7,462 5.9 6.3
Water Cooler 1,957 2,698 156 168 2,113 2,866 3.7 24
Air Conditioner 9,175 24,499 1,419 3,248 10,594 27,747 |18.7 233
v 5,052 11,274 894 1,569 5,947 12,843 110.5 10.8
Computer 643 5,203 34 287 677 5,491 1.2 4.6
Dishwasher 446 3,878 0 75 242 2,593 0.8 3.4
Total 49,332 105,521 /7,355 13,328 |56,687 118,848 100 100

*LCL: low-consumption lamp.
Sources: Tehran Regional Electricity Company (TREC), different years; Household Energy Consumption Survey (2010);
and authors’ calculations.

3.3.2 Manufacturing Industries

Industry accounts for about 20 percent of the Iranian GDP, and uses about 21 percent of
the total energy consumption. Iranian manufacturing industries were mostly established
in the 1960s and developed rapidly in the 1970s, when the oil price hike and rising oil pro-
duction led to increasing national and foreign investment and imports of raw and inter-
mediate goods. The government adopted an import substitution policy through a series of
trade, financial and input protectionist means. The policy was continued and intensified
after the Iranian revolution in 1979, as the government took over large manufacturing in-
dustries and self-sufficiency became the major goal of industrial development, particularly
during the imposed eight-year war and US economic sanctions. Despite new investments
after the war and increasing growth in certain areas such as the auto, food, chemical and
petrochemical industries, most manufacturing industries still rely heavily on government
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protection policy and, therefore, are uncompetitive on international markets. Cheap ener-
gy has always been one of the protective means for the manufacturing industries in Iran,
which has contributed to the development of many energy-intensive industries. However,
the prolonged protectionist policy and the lack of domestic and foreign competition has
led to inefficiencies, particularly in energy use.

We model energy demand in industry using the end-use approach and survey data on
large (more than ten workers) manufacturing industries available from the Statistics Cen-
ter of Iran and the Central Bank of Iran. The energy demand for the manufacturing indus-
tries sector is specified as follows:

E= EjejVAj j=1.,K

where E is the total energy demand, e is energy intensity for industry j and VA is the value
added. Energy intensity is measured as energy used in MBOE divided by value added in
constant 2005 billion rials for each industry. We use data at the two-digit ISIC® level, in
which the manufacturing industries are classified into nine main industry groups. Table 3.7
presents value added and energy used in each manufacturing industry in 2010. The “Ma-
chinery and Equipment Manufacturing” sector is the largest industrial group in Iran, ac-
counting for about 28 percent of the total value added of all manufacturing industries.
“Chemicals” and “Refineries” each produce 14 and “Non-Metal Minerals” 13 percent of
the total value added by manufacturing industries. The shares of “Basic Metals” and “Food
and Beverages” are 10 percent each and “Textile and Leather” 4 percent in the total valued
added.

The sector defined as “Basic Metals” has the highest energy use (26 percent) among the
manufacturing industries, followed by Chemicals (19 percent), Non-Metal Minerals
(18 percent), Refineries (15 percent) and Food and Beverages (7 percent). Overall, natural
gas is the dominant source of energy in industry, which accounts for 56 percent of the
total energy used in this sector. The share of natural gas in the total energy use by industry
has been increasing because of the government’s aggressive policy of substituting natural
gas for oil products. However, this has caused some difficulties to industries during cold
winter months, when the National Gas Company cuts off the supply of natural gas to
manufacturing industries in response to rising household demand. The shares of other
energy type uses in the manufacturing industries are as follows: 19 percent fuel oil,
15 percent electricity, 2 percent liquefied petroleum gas (LPG), 1 percent gas oil,
0.6 percent gasoline and 0.3 percent kerosene.® Energy intensity varies among industries
depending on the type of the industry and their technology. Overall, energy intensity in

8 International Standard of Industry Codes

9 Thereis a discrepancy between the data published by the Iranian Statistics Center (ISC) and the Ministry of Power’s document
entitled the Energy Balance (EB) regarding energy use by manufacturing industries. This is mainly due to the difference in the
samples used by these two agencies. Here, we have taken the total energy use from the EB and distributed its differences with
ISCamong the industries using their shares from the ISCand the Central Bank.

36



Sustainable Energy Strategy for Iran Historical Trends and Future Energy Consumption

the manufacturing industry had been decreasing by 7 percent on average for the 1988-
2005 period, but has started to increase recently. Specifically, it has been growing by
2.5 percent annually since 2005, with the Basic Metals and Refinery sectors leading the
growth (3 and 1.7 percent, respectively), and some industries such as “Wood” and Food
and Beverage experiencing negative growth rates (-1.5 and -1.1 percent, respectively). In
2010, Basic Metals had the highest energy intensity, followed by Non-Metal Minerals,
Chemicals and Petrochemical, and Paper, Pulp and Printing industries.

The future energy demand for manufacturing industries is estimated using the energy
intensity and the estimated value added for each industry and energy type for the 2010-
2030 period. In deriving the BAU scenario, the recent trends in energy intensity and the
gasification policy of the manufacturing industry, particularly in Food and Beverages,
Wood and Wood Products, Textile and Leather, and Paper, Pulp and Printing, as well as
the objectives outlined in the Ministry of Industry plans, the Fourth and Fifth FYDP and
the 20-Year Vision are taken into account. It is also assumed that overall energy intensity
in the manufacturing industry would decline slowly by one percentage point per year. The
results are shown in Table 3.8. The manufacturing industries are projected to grow on
average at a rate of 8 percent per year in 2010-2020 and 5 percent per year in 2020-2030.
The total energy demand by manufacturing industries is projected to grow on average by
6 percent per year in 2010-2020 and by 4 percent in 2020-2030.

Table 3.7. Manufacturing Industries Value Added and Energy Use (2010)

Value Added |Share Energy Use Energy Intensity

(constant 2005 | (%) (MBOE) (MBOE/1,000

billion rials) billion rials)
Food and Beverages 41,392 10 21 7 0.50
Textile and Leather 15,178 4 6 2 0.39
Wood and Wood Products 2,107 1 1 0.3 0.42
Paper, Pulp and Printing 5,590 1 5 2 0.95
Chemical and Petrochemical 60,125 14 56 19 0.93
Refineries 59,435 14 43 15 0.72
Non-Metal Minerals 53,443 13 53 18 1.00
Basic Metals 43,133 10 77 26 1.79
Machinery and Equipment 118,630 28 12 4 0.10
Other Industrial 17,359 4 19 6 1.08
Total 416,392 100 293 100 0.70

Sources: Statistical Center of Iran (2012); Central Bank Economic Data, National Income Account (2014);
and authors’ calculations.
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Table 3.8. Demand for Energy by Manufacturing Industries,
BAU Scenario (2010-2030) (MBOE)

2010 2030 Growth (%/year)
Food and Beverages 21 60 5.5
Textile and Leather 6 20 6.3
Wood and Wood Products 1 1 1.1
Paper, Pulp and Printing 5 17 6.1
Chemical and Petrochemical 56 155 5.2
Refineries 43 81 3.2
Non-Metal Minerals 53 98 3.1
Basic Metals 77 292 6.9
Machinery and Equipment 12 45 6.9
Other Industrial 19 31 25
Total 293 800 5.1

Sources: Energy Balance (2012); Statistical Center of Irany (2014);
Central Bank National Income Account (2014); and authors’ calculations.

Table 3.9 presents the results of the demand for energy in manufacturing industries by
energy types in the BAU scenario. The projections are based on the existing and future distri-
bution of energy types among industries according to government policy, particularly pro-
motion of the use of natural gas. Natural gas and gasoline demand will grow by 5.6 percent
per year on average and the other energy types at a range of 3 to 5 percent. Figure 3.5 shows
the total demand for energy in different manufacturing industries for the 2010-2030 period.

Table 3.9, Demand for Energy by Manufacturing Industries by Energy Types,
BAU scenario (2010-2030) (MBOE)

2010 2030 Growth (% / year)
Kerosene 0.9 1.8 35
Gas Oil 20.0 53.7 5.2
Natural Gas* 164.7 512.0 55
LPG 5.6 12.0 3.9
Gasoline 1.7 5.2 5.6
Fuel Oil 54.2 132.2 45
Electricity** 44.5 80.8 3.5
Renewables 1.2 13 0.4
Total 2929 799.5 5.1

* Natural gas does not include CHP input. **Electricity is without own generation from CHP.
Sources: Energy Balance (2012); Statistical Center of Iran (2014); Central Bank National
Income Account (2014); and authors’ calculations.
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3.3.3 Power Generation Plants

Power generation plants are an important part of the energy sector, as they are both energy
users and energy producers. In 2010, power generation plants used 365 MBOE oil and
natural gas and generated 135 MBOE electricity. Power generation plants use different types
of the energy depending on the type of technology they employ, and produce electricity
for different sectors of the economy. The total installed capacity was about 59 GW using
different technologies: 26 percent steam, 34 percent natural gas, 26 percent combined cycle,
15 percent hydropower and 0.1 percent renewable energies. Table 3.10 presents the
structure of the existing power generation plants in Iran.

Table 3.10. Installed Capacities of Power Plants (2010)

Type GW Share (%)
Steam 15 26

Natural Gas 20 34
Combined Cycle 15 26
Hydropower 9 15
Renewable 0.1 0

Total 59 100

Source: Energy Balance (2010).

The electricity production by power generation plants is estimated in three steps as fol-
lows. First, the future demand for electricity by each sector of the economy is estimated
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using the future value added as well as the energy (electricity) intensity. Second, 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 past trends.
Finally, the total generation capacity by the power generation plants is then estimated
using the average load factor. The new capacity needed is assumed to be met by a combi-
nation of combined cycle, nuclear and renewable power generation plants, as outlined in
the energy policies. The total electricity demand is estimated to grow on average by
3.4 percent annually for the 2010-2030 period. In 2010, thermal plants will produce
94 percent and renewable and nuclear plants 6 percent of 238 TWh total electricity
production. It is assumed that combined cycle plants will generate 96 percent and gas
turbine plants 4 percent of new thermal capacities. In addition, nuclear plants will generate
4 TWh, large hydropower 12 TWh, small hydropower 280 GWh, wind power 216 GWh,
solar thermal 1.2 GWh and biogas 23 GWh. Table 3.11 shows the total electricity capacity
generation by power generation plants in 2010 and 2030.

Table 3.11.Total Electricity Generation in Iran, BAU Scenario (2010-2030)

Total Electricity Consumption by All Sectors (GWh) 192,261 373,961

Transmission and Distribution Losses (GWh) 37,951 58,281 2.2
Power Plant Own Consumption (GWh) 8,399 12,813 2.1
Total Electricity Generation (million KWh) 238,611 445,055 3.2
Average Load Factor (h/year) 4,037 4,037 0.0
Total Installed Capacity (GW) 59.11 110.24 3.2

Sources: Energy Balance (2010), and the authors’ calculations.

Table 3.12 shows electricity generation by existing and future power generation plants. It
is assumed that thermal plants will generate the lion’s share of the total electricity and that
nuclear plants will generate the base load with 1,000 MW capacity. Based on the Ministry
of Energy plan, the new thermal plants will be combined cycle and the main renewable
sources hydropower and wind power plants. Hydropower and wind power will contribute
about 12 TWh and 2.5 TWh to electricity generation, respectively. Biogas and geothermal
will generate 23 GWh and 10 GWh, small hydropower and solar 280 GWh and 2.4 GWh,
respectively.
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Table 3.12. Electricity Generation by Renewable and Non-Renewable Sources,

BAU Scenario (2010-2030) (GWh)

2010 2030 Growth (%/year)
Total Electricity Generation 238,611 445,055 3.2
Fossil-Fuel Power Plants 226,109 426,411 3.2
Nuclear Power 0 3,935
Renewable Sources 12,502 14,709 0.8
Hydropower 11,959 11,959 0.0
Wind power 216 2,416 12.8
Photovoltaic 0 6 20.4
Geothermal 10 10 0.0
Solar thermal power 1 2 35
Small hydropower 280 280 0.0
Biomass 23 23 0.0

Sources: Energy Balance (2010) and the authors’ calculations. Nuclear data is from the
International Atomic Energy Agency (IAEA), Power Reactor Information System.

Fuel use by the power plants is estimated assuming that future thermal power plants will
only use natural gas with an average efficiency rate of 46 percent. The results are presented
in Table 3.13. The total fuel demand by power generation plants will grow on average by
1.3 percent per year for the 2010-2030 period. Demand for gas oil, heavy fuel and natural
gas by existing plants will decrease slightly, but demand for natural gas by new power
plants will increase by about 28 percent per year. It is also assumed that solar heat power
plants, which will generate 2.4 GWh electricity, will need about 1 GWh of natural gas by
2030.

Table 3.13. Energy Demand by Power Generation Plants, BAU Scenario (2010-2030) (MBOE)

2010 2030

Total Fuel 339 593
Gas 0l 46 46
Natural Gas (Existing Plants) 216 216
Natural Gas (New Plants) - 254
Solar Heat Power Plants - 0
Heavy Fuel 76 76
Average Efficiency Factor (%) 39 42

3.3.4 Transportation

The transportation sector uses about 26 percent of the total energy consumption in Iran,
53 percent of the total consumption of oil products, 2.5 percent of natural gas and
0.07 percent of electricity. About 636 billion passenger kilometers were traveled in 2010 by
car, bus, train and airplane. The share of cars in passenger transportation is 62 percent,
bus 35 percent, train 1 percent and airplane 2 percent. Also about 302 billion ton-kilometers
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of freight was transported, 92 percent of which went by truck and 8 percent by train. The
main energy types used in the sector are gas oil, gasoline and jet fuel. Natural gas (LPG
and CNG) has been also added to the energy basket of the sector and its share has been
increasing rapidly, mainly because of the recent hike in gasoline prices and quotas. We use
a time series data and regression method to estimate the demand for energy in car and
freight transport. We then use the estimation results and apply the assumptions about the
future economic and population growth to forecast future demand.

Passenger Transportation

Passenger transportation includes road (car, bus), train and air transportation. The basic
information about road transportation is summarized in Table 3.14. There are four im-
portant indicators in road transportation as follows: the number of vehicles, travel distance
per vehicle and year, load factor, and the specific energy consumption. The number of
passenger cars is more than 11 million in 2010, which will grow in line with per capita
income. The regression results show that GDP and the population can explain more than
90 percent of the long-run demand for cars. The results indicate that in the past 35 years
(1977-2010), for every one billion rials (in constant 2005 values) of additional income, on
average 7.2 new vehicles are added to the transport system; for every 1,000 added to the
population, 61 new vehicles are added. The results of the regression equation were then
used to estimate future demand for cars based on the assumptions about the GDP and
population growth. In addition to higher incomes and an increasing population, low
gasoline prices have also contributed to the rapidly growing demand for cars in recent
years. However, it is expected that the trend will flatten as gasoline prices approach market
prices. According to the estimated results, demand for cars will grow on average by
4.4 percent per year, increasing to 26 million cars by 2030.

The average travel distance per car has been decreasing from 24,000 km per year to
21,500 km per year in 2010 as a result of a developing public transportation system, but is
expected to remain the same until 2030. The load factor is 1.7 passenger-km per car/km,
which will decrease to 1.5 passenger-km as more people will have a car. The average gasoline
consumption by passenger cars is 10 liters per 100 kilometers, which is high compared to
international standards. We assume that technology improvements and higher incomes
will allow for the use of more efficient cars in the future, reducing the gasoline consumption
to 7 liters per 100 km in 2030. Total gasoline consumption by passenger cars, obtained by
multiplying the total travel distance by the specific energy consumption, is 24 billion liters
or 127 MBOE in 2010, and will grow on average by 2.7 percent per year, reaching more
than 40 billion liters in 2030.

The numbers of buses for public transportation is 233,000, which will increase to more
than 1.2 million in 2030. The average total travel distance by bus is 45,150 km per bus per
year, which should increase to 46,200 km in 2030. The total travel distance by bus will
increase from 10 billion km in 2010 to 56 billion km in 2030. The average consumption of
gas oil by buses, which is 47 liters per 100 km, will decrease to 30 liters per 100 km in
2030, that is, a 2.2 percent decline per year. The total gas oil consumption by buses can be
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calculated similar to gasoline consumption by car using the indicators above. It is 4.9 billion
liters in 2010, but will increase on average by about 6 percent per year, reaching 16.8 billion
liters in 2030.

In 2010, more than 6.5 billion passenger-km were traveled by train and more than
13 billion passenger-km by airplane. Since there is no detailed data on these two transpor-
tation modes, we assume that they will grow on average by 4 percent per year. The average
gas oil consumption by trains is 0.0085 liters per passenger-km and is assumed to remain
unchanged. The total gas oil consumption by trains is 56 million liters, which is estimated
to grow to 123 million liters in 2030. The total jet fuel consumption is 1.9 billion liters,
which is expected to increase to 3.2 billion liters in 2030 assuming an annual efficiency
increase of 1.5 percent.

CNG as an environmentally friendly, cheaper fuel has recently been introduced to the
Iranian traffic system as a substitute for gasoline and gas oil. There is an ambitious plan to
build the infrastructure required for the production and distribution of CNG, particularly
in large cities. The share of CNG in road transportation energy consumption is 4 percent
in 2010, which will rise to 6 percent in 2030.

Table 3.14. Passenger Transportation Indicators, BAU Scenario (2010-2030)

2010 2030

Private
Number of Cars (in millions) 1 26
Average Total Travel Distance by a Passenger Car per Year (in km/year) 21,500 21,500
Total Travel Distance by Passenger Cars per Year (in million km/year) 237,736 564,467
Average Load per Car (number of persons) 1.7 1.5
Total Travel Distance by Passengers (in millions of person km/year) 394,641 846,700
Average Gasoline Consumption per Car (in liters/100 km) 10 7
Total Gasoline Consumption by Passenger Cars (in millions of liters) 23,774 39,513
Public
Number of Buses (1,000) 233 1,213
Average Travel Distance by Bus per Year (in km/year) 45,150 46,200
Total Travel Distance by Bus (in millions of km/year) 10,520 56,052
Total Travel Distance by Passengers — Bus (in millions of person km/year) 220,919 1,121,048
Average Gas 0il Consumption by Bus (in liters/100 km) 4 30
Total Gas Oil Consumption by Bus (in millions of liters) 4923 16,434
Total Travel Distance by Train (in millions of person km) 6,615 14,494
Total Gas Oil Consumption by Train (in millions of liters) 56 123
Total Travel Distance by Air (in millions of person km) 13,365 29,284
Total Fuel Consumption by Airplane (in millions of liters) 1941 3,166

Sources: IFCO (2010); Energy Balance (2010); and authors’ calculations.
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Freight Transportation

Freight transportation in Iran consists of truck, train, air and sea. Truck accounts for
92 percent and train about 8 percent of the total freight transportation. The shares of air
and sea are not significant. Using the travel distance by trucks and trains and their specific
energy consumption, we obtain the total energy consumption by these two transportation
modes. The results are presented in Table 3.15. Freight transportation by truck uses about
17 billion liters and by train 303 million liters of gas oil. This is projected to increase to
about 20 billion liters and 600 million liters in 2030; that is, a growth rate of 1 and
3.5 percent on average per year, respectively. The total consumption of gas oil by freight
transportation is 105 MBOE, which will increase to 121 MBOE in 2030. Sea transportation
uses about 1 percent of the total Iranian gas oil consumption. Since there is no direct and
reliable data on the details of this sector, we assume that this ratio will remain constant in
the study period.

Table 3.15. Freight Transportation Indicators, BAU Scenario (2010-2030)

2010 2030

Freight Transportation by Truck (in million ton km) 277,649 517,568
Freight Transportation by Train (in million ton km) 24,276 47,980
Total Fuel Consumption by Truck (in millions of liters) 17,103 20,703
Total Fuel Consumption by Train (in millions of liters) 303 600

Sources: IFCO (2010); Energy Balance (2010); and authors’ calculations.

Table 3.16 shows the total consumption of different energy types used by the transportation
sector. Gasoline and gas oil will remain the major energy types used in the sector. The
total final energy demand in the transportation sector, which is 286 MBOE in 2010, will
grow on average by 2.8 percent per year, reaching 493 MBOE in 2030.

Table 3.16. Final Energy Demand by the Transportation Sector, BAU Scenario (2010-2030) (MBOE)

2010 2030 Growth (%/year)
Gasoline 127 211 2.6
Gas 0il (Buses and Trucks) 136 229 2.6
Gas 0il (Trains) 2 4 3.6
(NG 9 30 6.2
Jet Fuel 9 15 2.5
Ship Fuel 23 3.4 2.0
Total 286 493 2.8

Source: Energy Balance (2010); IFCO (2010); and authors’ calculations.

Figure 3.6 shows the current and BAU scenario for fuel consumption by transportation
mode in the transportation sector.
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Figure 3.6. Energy Demand by Road Transportation, BAU Scenario (2010-2030) (MBOE)

3.3.5 Other Sectors

In this section, we model energy consumption by the public, commercial and agriculture
sectors. These three sectors account for about 60 percent of the total value added of the
economy, but use less than 10 percent of the total energy consumption.

Public Sector

The public sector accounts for 6.5 percent of the GDP and uses about 2.8 percent of the
total energy consumption in the economy. More than half of the energy used in the sector
is electricity and one quarter is gas oil. Table 3.17 shows total consumption of different ty-
pes of energy and their energy intensities in the public sector. Since there is no individual
data for the consumption of natural gas by public sector, we estimate it by assuming that
natural gas has substituted fuel oil for the past 15 years. Therefore, the consumption of
natural gas for the 1996-2010 period will be equivalent to the reduction in fuel oil
consumption in the public sector.

Table 3.17. Energy Demand by Public Sector, BAU Scenario (2010-2030)
Energy Intensity (BOE/constant | Energy Use Energy Use ‘ Growth (%)

2005 million rials) - 2010 | (MBOE) - 2010 | (MBOE) - 2030

Gasoline 0.01 1.16 2.20 3.2
Kerosene 0.02 2.51 0.25 -10.8
Gas Oil 0.06 8.05 10.10 1.1
Fuel Oil 0.02 2.87 3.79 1.4
Electricity 0.09 12.46 23.48 2.5
Natural Gas 0.002 0.22 0.43 3.2
Total 27.26 40.24 2.0

Source: Energy Balance (2010); Central Bank, Economic Data (2014); and authors’ calculations.
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The future energy consumption of the public sector is estimated by multiplying the future
value added of the sector by future energy intensities. The share of the public sector in the
economy has been fluctuating, but according to the privatization policy outlined in the
Five-Year Plans and the 20-Year Vision, it is expected to decrease in the future. We assume
the value added of the public sector will grow with the economy on average by 3.2 percent
per year and its share will remain at 6.5 percent in the study period. The energy intensities
for different energy types have been decreasing for the 2005-2010 period, and we assume
that the trend will continue in the future, but at slower rates. The only exception is natural
gas, the intensity of which has been growing and will continue to grow, albeit at a slower
rate. The estimation results for energy demand by the public sector are shown in Table 3.17
The total energy demand in the public sector will grow on average by 2 percent per year
for the 2010-2030 period. Electricity and natural gas will be the two major energy types
used in the public sector in 2030. Figure 3.7 shows the future trend of the demand for
energy in the public sector.
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Figure 3.7. Demand for Energy in the Public Sector, BAU Scenario (2010-2030) (MBOE)

The Commercial Sector

The commercial sector accounts for about 48 percent of GDP, and has been growing by
about 14 percent for the past ten years. It uses about 6 percent of the total energy
consumption in the economy, of which 9 percent is electricity, 19 percent fuel oil, 8 percent
gas oil, and 63 percent natural gas. Table 3.18 shows the consumption of different energy
types in the sector and the energy intensities. Since no individual data is available for
natural gas consumption, we estimate it by assuming that natural gas has been substituted
for fuel oil in the sector since 1996.
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Table 3.18. Energy Demand by the Commercial Sector, BAU Scenario (2010-2030)

Energy Intensity (BOE/constant |  Energy Use Energy Use ( | Growth (%/year)
2005 billion rials) (MBOE) 2010 MBOE) 2030

Gasoline -3.8
Kerosene 0.4 0.4 0.2 -33
Gas 0l 0.5 49 5.0 0.1
Fuel Qil 10.8 10.8 5.5 -3.3
Electricity 6.1 49 5.7 0.8
Natural Gas 4.7 41.1 60.7 2.0
Total 6.4 62.2 77.2 1.1

Source: Energy Balance (2010); Central Bank, Economic Data (2014); and authors’ calculations.

The total demand for energy in the commercial sector is estimated using the future value
added of the sector and energy intensities. The future value added of the commercial sector
is estimated by assuming the share of the sector in GDP will increase from 48 percent in
2010 to 50 percent in 2030. This means that the sector will grow on average by 5.4 percent
per year in the next 20 years. Energy intensities in the sector have been decreasing for all
energy types apart from natural gas. We assume that future energy intensities for all energy
types including natural gas will continue, albeit at slower rates. Table 3.18 shows the
results of the BAU scenario for energy demand by the commercial sector for the years
2010 and 2030. Energy demand will decline for gasoline, kerosene and fuel oil at an average
rate of about 3 percent, but will grow for electricity and natural gas by an average of
0.8 and 2 percent per year, respectively. The total demand for energy in the commercial
sector will grow on average by 1.1 percent per year for the 2010-2030 period.

Figure 3.8 shows the future trend of energy demand in the commercial sector. Natural
gas and electricity will remain the main sources of energy in this sector in 2030.
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Figure 3.8. Demand for Energy in the Commercial Sector (2010-2030) (MBOE)
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Agriculture

Agriculture accounts for about 6 percent of GDP and uses 46 MBOE or 4 percent of the
total final energy consumption. The main source of energy in agriculture is gas oil, which
accounts for 60 percent of fuel consumption in the sector. The use of electricity has been
increasing dramatically in recent decades, reaching 39 percent of the total energy use in
the sector. Table 3.19 shows the use of different energy types in 2010 and their energy in-
tensities in the sector in 2004.

Table 3.19. Energy Demand by Agriculture, BAU Scenario (2010-2030)
Energy Intensity (BOE/constant |Energy Use (MBOE) |Energy Use (MBOE) |Growth

2005 million rials) 2010 2030 (%/year)
Gasoline 0.0005 0.10 0.14 1.6
Kerosene 0.003 0.6 0.2 -5.13
Gas Ol 0.139 27.4 32.1 0.8
Electricity 0.149 17.7 39.8 414
Total 45.8 723 2.31

Sources: Energy Balance (2010); Central Bank, Economic Data (2014); and authors’ calculations.

Similar to other sectors, we use valued added and the energy intensities to project the
future consumption of energy in agriculture. The future value added of the sector is obtained
assuming that the share of agriculture in GDP will remain at 6 percent in the next 20 years.
This means that the agriculture sector will grow at a rate of 3.3 percent on average for the
2010-2030 period.’® The energy intensities for all energy types apart from electricity have
been decreasing for the past ten years, with kerosene and fuel oil having the highest rates
of decline. It is assumed that energy intensities will continue to decline, albeit at lower rates.
Future demand for energy in agriculture is estimated using the future value added and
energy intensities for the 2010-2030 period. The results are shown in Table 3.19.

Energy demand in agriculture is projected to grow on average by 2.3 percent per year,
increasing from 46 MBOE in 2010 to 72 MBOE in 2030. Demand for kerosene will decline,
but demand for gas oil, gasoline and, especially, electricity is expected to increase. The
higher growth in electricity demand in the sector is mainly due to the current policy of
making electricity accessible in all rural areas and particularly of encouraging farmers to
switch from gasoline or gas oil water pumps to electrical pumps. The future trend of energy
use in the agriculture sector is shown in Figure 3.9.

10 The Vision has set the future growth of agriculture at 6.5 and 5.6 percent for the next two decades, respectively. However,
these growth rates seem to be too ambitious given past trends and growing restrictions on resources, particularly water.
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The total demand for final energy (without electricity) will increase on average by
3.5 percent per year from 966 MBOE in 2010 to 1,936 MBOE in 2030 in the BAU scenario
(excluding energy use for power production). The manufacturing industries will have the

highest growth in demand for energy with an average growth of 5.5 percent per year followed
by the residential and transportation sectors with about 3 percent annual growth. The

demand for energy in the commercial sector will grow on average by 1.6 percent annually,

the public sector by 0.6 percent and agriculture by 0.7 percent. Table 3.20 and Figure 3.10
show the BAU scenario results for energy demand in different sectors for the 2010-2030 period.

Table 3.20. Energy Demand in Iran by Sector, BAU Scenario (2010-2030)

2010 (MBOE) |Share (%) |2030 (MBOE) |Share (%) |Growth (%/year)

Households* 332 34 603 31 3.0
Manufacturing Industry* 248 26 718 37 5.5
Transportation® 286 29 493 25 2.9
Public Sector* 15 2 17 1 0.6
Commercial* 57 6 71 4 1.6
Agriculture* 28 3 32 2 0.7
Total* 966 100 1,936 100 3.5
Power Plants 339 593 2.8
Total (Including Power Plants) 1,305 2,528 3.4

* Final energy without electricity

Source: Energy Balance (2010); and authors’ calculations.
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Figure 3.10. Total Final Energy Demand by Sector, BAU Scenario (2010-2030) (MBOE)

The demand for electricity by all sectors is predicted to increase on average by 3.4 percent
annually, starting at 192 TWh in 2010, and reaching 374 TWh in 2030. Electricity demand
in manufacturing industries is expected to grow in line with the average growth rate of
total electricity consumption, but households and agriculture should be above average;
commercial and transportation industries will be below average. Figure 3.11 shows the
demand for electricity by different sectors in the BAU scenario for the 2010-2030 period.

In 2030, 96 percent of electricity will be generated by fossil fuel power plants. The re-
maining 4 percent will be produced by renewables and nuclear plants. Natural gas will be
the main source (80 percent) of fuel for the power generation plants by 2030. Renewable
sources in power generation plants are projected to grow on average by 1 percent per year,
from 7.4 MBOE in 2010 to 8.7 MBOE in 2030. It is also assumed that nuclear energy will
contribute to the electricity grid by producing about 4 TWh in 2030.
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Figure 3.11. Demand for Electricity by Sector, BAU Scenario (2010-2030) (GWh)
50



Sustainable Energy Strategy for Iran Historical Trends and Future Energy Consumption

The structure of energy demand will change according to the policies and technological
changes in the next 20 years. Specifically, the share of manufacturing industries in total
energy consumption will increase from 26 percent in 2010 to 37 percent in 2030. However,
the shares of transportation, commercial, public and agriculture sectors will decrease from
29, 6, 2 and 3 percent in 2010 to 26, 4, 1 and 2 percent in 2030, respectively. The share of
household use will also decline from 34 percent in 2010 to 31 percent in 2030. The increasing
share of manufacturing industries in total demand for energy is mainly due to growing
production in the sector; decreasing energy demand shares of transportation and other
sectors are due to technological improvements and government policies. Figure 3.12 shows
the structure of total energy demand in 2010 and 2030.
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Figure 3.12.The Shares of Demand for Energy by Sector, BAU Scenario (2010-2030)

Energy Types

In the BAU scenario, natural gas demand has the highest growth rate with 4.2 percent
growth per year on average, increasing from 705 MBOE in 2010 to 1,608 MBOE in 2030.
The demand for oil products (fuel oil, gas oil and gasoline) is expected to grow on average
between 1 and 2 percent. Demand for kerosene, however, is forecast to decrease by 6 percent
per year on average in this period. Renewable energies will grow on average by 11 percent
per year for the next 20 years. Table 3.21 and Figure 3.13 show the total energy demand by
type of energy in 2010 and 2030.
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Table 3.21. Total Primary Energy Demand by Type of Energy, BAU Scenario (2010-2030) (MBOE)*

o Tshaeth s Jshre 00wt iean
10 219 9 2.6

Gasoline 130

Kerosene 44 3 14 1 -5.5
Gas Oil 255 19 396 16 2.2
Fuel Oil 144 1 218 9 2.1
Natural Gas 696 54 1,589 63 4.2
LPG 13 1 18 1 1.6
(NG 9 1 30 1 6.2
Renewables 4 1 30 1 10.0
Jet Fuel 9 1 15 1 2.5
Total 1,305 100 2,528 100 3.4

*The figures include power plants’demand for gas oil, fuel oil and natural gas.
Sources: Energy Balance (2010); and author’s calculations.

3,000

2,500

2,000

MBOE

1,500

1,000

500

0
2010 2015 2020 2025 2030

m Kerosene © Gas Oil LPG ™ Natural Gas " Gasoline ®WCNG mFuel Oil

Figure 3.13.Total Primary Energy Demand by Energy Type, BAU Scenario (2010-2030) (MBOE)

3.3.7 Environmental Impacts of the BAU Scenario

Fossil fuels produce greenhouse gases such as carbon dioxide (CO,), carbon monoxide
(CO), nitrogen oxides (NOy) and sulfur dioxide (SO,). In 2010, the energy users in the
economy produced in total 547 million tons (mt) CO,, 8.7 mt CO, 1.8 mt NO, and 1.4 mt
SO,. The transportation sector is by far the most polluting sector in the economy, followed
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by households, industry and power generation plants. The transportation sector generated
126 mt CO,, which is about 23 percent of the total CO, generated in 2010. The CO, gener-
ation in residential, commercial and public sectors were 136 mt (25 percent), in power
generation plants 165 mt (30 percent), manufacturing industries 106 mt (19 percent), and
agriculture 12 mt (2 percent).’” Although the substitution of natural gas for oil products
and the development of renewable resources in power generation plants will mitigate CO,
emission problems, an increase in energy demand - especially by manufacturing indus-
tries and households - will raise the aggregate pollution level significantly. Table 3.22
shows a summary of the CO, emissions from primary energy use; Figure 3.14 presents to-
tal emissions by energy type; and Table 3.23 shows the shares of different energy types in
total emissions for the 2010-2030 period. In the BAU scenario, total CO, emissions will
grow on average by 2.8 percent per year, increasing from 547 mt in 2010 to 950 mt in 2030.
CO, emissions will grow faster in the household, commercial, public and manufacturing
industry sectors mainly because of an increasing consumption of natural gas. The total
CO emission is expected to grow at a rate of 3 percent per year on average, with a 5 percent
growth in manufacturing industries and 3 percent in transportation and power generation
plants. NO, will grow on average by 4.4 percent, with a 5.5 percent growth in the manu-
facturing and transportation sectors. The main source of CO emission is natural gas; its
share will increase from 30 percent in 2010 to 40 percent in 2030. SO, emissions will grow
on average by 2.9 percent, with manufacturing industries and transportation sectors hav-
ing the fastest growth rates, exceeding 5 percent. Fuel oil and gas oil will be the main cont-
ributors to SO, emissions, with a share of 64 percent and 34 percent, respectively.

CO, emission intensities, measured by the ratio of emissions to GDP, are 256 and 102 tons
per billion rials in the manufacturing and agriculture sectors, respectively, in 2010, but
will decrease to 206 tons/billion rials in manufacturing and increase to 116 tons/billion
rials in agriculture. The decline in CO, in the manufacturing industries is due to a faster
increase in GDP than CO, emissions in the sector because of the use of natural gas. The
emission intensity for CO, NO, and SO, range between 0.3 and 0.6 tons per billion rials in
2010, and will increase to 0.12 to 0.6 tons per billion rials in 2030. The social cost of emis-
sions, which captures the compensation expenses for the negative externalities associated
with energy consumption, is estimated at 302 trillion rials, which is about 7.25 percent of
GDP in 2010."2 It will grow on average at a rate of 3 percent, reaching 560 trillion rials in
2030.

11 The emission figures do not include the C0,-equivalent emissions resulting from conduction losses and burning off during oil
production as well as methane and other GHG emissions.

12 Our cost/GDP ratio is much less than reported in the Energy Balance (2010). Using the World Bank and the Environmental
Protection Organization studies, the Energy Balance presents the social costs (1000 rials per ton) in 2001 prices as follows:
(0,: 80; €0:1,500; NO,: 4,800; and SO,: 14,600. It also uses GDP at 1995 prices to calculate the cost/GDP ratio, which is
19 percent. The reported value is an overestimate, as it uses two different base years for costs and GDP. In this study, we use
both costs and GDP calculated at 2010 prices. Numbers are rounded.
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Table 3.22. Total Emissions and Sectorial Share (2010-2030)

e e m e ao e

Household, Commercial, Public (%) 28 1 6 4 24 1 5 4
Manufacturing Industry (%) 19 3 9 13 29 5 10 19
Agriculture (%) 2.4 02 33 44 14 01 1.5 2.8
Transportation (%) 24 95 47 29 21 93 61 48
Power Generation Plants (%) 27 2 34 50 24 2 22 26
Total Emissions (million tons) 537 8.25 (1.84 (1.43 1032 [14.5 4.61 2.68

Emissions from jet fuel are included in gasoline. Emissions from renewable sources are negligible and are not included.
Source: Energy Balance (2010); World Bank Indicators (2014); and authors’ calculations.
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Figure 3.14. Emissions by Energy Type (2010-2030) (million tons)

Table 3.23. Emission Shares by Energy Type (2010-2030) (%)

Energy Source 2010 2030

@ O N0, [0, [0, OO N0, 0,
Kerosene 3.6 0.1 0.0 0.7 0.6 0.0 0.0 0.1
Gas Oil 21.8 2.8 418 152.0 17.9 2.8 359 66.1
LPG 0.9 0.2 0.1 0.0 0.6 0.1 0.0 0.0
Fuel Oil 13.1 1.0 9.8 45.6 10.4 0.6 7.1 31.8
Natural Gas 48.5 1.9 296 0.0 59.1 2.9 39.5 0.0
Gasoline 10.7 93.6 167 0.1 9.6 93.1  15.6 0.2
(NG 0.7 0.0 0.0 0.0 1.2 0.0 0.0 0.0
Total (million tons) 537 825 (1.84 143 (1032 [14.5 |4.61 2.68

Emissions from jet fuel are included in gasoline. Emissions from renewable sources are negligible and are not included.
Sources: Energy Balance (2010); World Bank Indicators (2014); and authors’ calculations.
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Alternative Scenarios

This chapter lays out alternative scenarios for the energy demand in Iran, using the results
of the BAU scenario presented in Chapter 3 as a reference. Specifically, we consider three
alternative scenarios as follows:

1. An “Efficiency” scenario

2. A “Renewables” scenario

3. A “Combined Efficiency and Renewables” scenario

In the Efficiency scenario, we focus efficiency parameters in energy use in each sector
of the economy, leaving renewable resources at the BAU levels. In the Renewables scenario,
we assume that the potential for renewable resources will be highly utilized, keeping the
efficiency parameters constant as in the BAU level. In the Combined Efficiency and
Renewable scenario, we assume that the country will optimize both its efficiency potential
and its renewable capabilities in the future.

An underlying assumption in all three scenarios is that the policies regarding energy
prices will change in a way to reflect the real cost of energy to consumers. This will
encourage higher efficiency in energy use and will allow for investment in renewable
resources in different sectors of the economy. One of the most important reasons why the
Iranian energy system is quite inefficient is the fact that energy prices are kept low compared
to international energy prices. The subsidies for the energy sector, which account for more
than 10 percent of GDP'3, have led to government budget deficits as well as increasing
demand for energy in different sectors. As long as domestic energy prices are so low, there
is less incentive to invest in technologies that are more efficient and to change energy-
wasting behavior in different sectors of the economy. The energy price reform policy will
be discussed in further detail in Chapter 8.

The energy market in Iran is fully controlled by the state. Specifically, the government
is the sole producer and controls the distribution in the energy sector. This monopoly
power allows the government to set the production quantities (domestic, exports and im-
ports) and prices on different energy carriers and products. The lack of competition in
production and distribution results in energy prices being determined by political factors
rather than by economic and market conditions. This may well be one additional reason
why energy efficiency is so low and why there is no incentive to invest in renewable energy
resources. If domestic energy consumption continues to grow as projected in the BAU

13 In this text, energy subsidies include direct and indirect or implicit subsidies. The former is reflected in the government
budget, but the latter is the difference between domestic prices and international (border) prices. Although there is no direct
payment to consumers involved in this subsidy, it is critical to include it in the calculation of the total subsidy, as it presents
opportunity costs to the budget and the economy. See Chapter 2 for a more thorough discussion.
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scenario, Iran’s ability to export oil will be greatly diminished. This obviously poses a prob-
lem for the government, whose budget is heavily dependent on oil export revenues.

4.1 Scenario l: Efficiency

“Efficiency” is the first scenario we propose for the future energy demand management in
Iran. In this scenario, we focus on the efficiency parameters in the end-use demand
model in different sectors, keeping all other things, including renewable potentials, at the
BAU scenario level. The most important efficiency parameter is energy intensity, which
changes with advancements in technology and changes in the structure of the economy.
All other things being equal, more efficient technology decreases energy intensity. A change
in the structure of the economy in favor of less energy-intensive production will also
reduce energy intensity. Our primary concern in this scenario will be a change in energy
intensity due to a change in technology. For instance, in the household sector, we assume
that light bulbs and other appliances that are more efficient will replace the older, more
inefficient devices. Likewise, in the transportation sector, we assume that cars with more
efficient engines will phase out cars with less efficiency. In addition to the technological
effect, we assume that price reform will induce a higher level of awareness among consumers,
both in the residential and industrial sectors, so that they will be more vigilant in their use
of energy. Structural changes, in the form of changes in the sectorial shares of economic
activities as well as changes within industry, are mostly taken into account in the BAU
scenario and, therefore, will not be important factors in deriving the Efficiency scenario
results.

4.1.1 Households
Similar to the BAU scenario, the Efficiency scenario in the residential sector is analyzed in
two sections: fuel and electricity.

Fuel

The following assumptions are made for fuel consumption, which is mostly used by house-

holds for heating and cooking services:

- For existing buildings, a renovation rate of 2 percent has been assumed. This means
that during a period of 50 years, all buildings will be renovated to a better standard.
The energy saving per building is assumed to be 50 percent on average; this figure has
already been shown to be feasible in several case studies in Iran. The technical potential
to make a building more efficient is about 90 percent. These are the results of many
projects and studies in Germany.

« For new buildings constructed in 2010 or later, we assume a standard that is about
80 percent better than the average consumption of today’s buildings.

+ We also assume that by the year 2030, 10 percent of all houses will be demolished and
replaced by new and better buildings, and that there will be a 10 percent increase in the
size of the living area per person in Iran.
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For the supply of warm water, we assume higher efficiency through better boilers and
better insulation of storage and taps.

To achieve the Efficiency scenario outcomes, the following policies are required:
Energy efficiency codes for new buildings and retrofitting for older buildings.
Financial assistance for homeowners to encourage investment in energy efficiency
Education for developers, contractors and architects
An oversight system for monitoring building standards.
Overall, applying the efficiency measures to buildings will lead to 40 percent less energy
use than that in the BAU scenario in 2030. Figure 4.1 shows the heat energy consumption
of households in the BAU and Efficiency scenarios.
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Figure 4.1. Household Energy (Heat) Demand in BAU and Efficiency (EFF) Scenarios (2010-2030) (MBOE)

Electricity

Households use more than 56 TWh electricity, which will more than double by 2030. The
most significant use of electricity in households is for refrigerators (24 percent), followed
by lighting (22 percent), air conditioning and TV. The share of computers and other ap-
pliances such as microwaves and dishwashers is expected to rise due to an increase in ur-
banization and changes in lifestyle. The details of the Efficiency scenario assumptions and
the results are discussed below.

Compact fluorescent light bulbs (CFL) use 60 to 80 percent less energy compared to
traditional light bulbs, producing the same level of light; LED lamps (light emitting
diodes) are even more efficient. It is assumed that compact fluorescent bulbs will replace
50 percent of the incandescent lamps that households are using today by 2020. In 2030,
households will have replaced 80 percent of incandescent lamps. It is also assumed that
through the replacement of old T12 lamps by T8 and T5 with electronic ballasts, electricity
consumption of fluorescent lamps will be 40 percent less while keeping the same brightness.
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Overall, the electricity use by lights in the residential sector in 2030 will be about 44 percent
less in the Efficiency scenario compared to the BAU scenario.

The average consumption of an Iranian refrigerator in 2020 is assumed to be 20 percent
higher than the consumption of an average refrigerator bought in Central Europe today.
For the year 2030, average consumption may be 20 percent higher than that of the most
efficient refrigerators sold in Europe today. The same relationship is assumed for freezers
and combined appliances (refrigerator and freezer in one appliance). The overall electricity
consumption by refrigerators and freezers in the residential sector in 2030 will be 72 percent
less in the Efficiency scenario compared to the BAU scenario.

Using irons equipped with thermostat regulation would lead to a 50 percent reduction
in electricity use for ironing. The electricity consumption of this appliance would remain
the same in 2030, but still be five times higher than the consumption for ironing in Germany.
For the water cooler system, it is assumed that there will not be a significant change, but
efficiency will improve in new air-conditioning systems. Although the amount of electricity
needed for an individual cooling unit may decrease, the amount of equipment and com-
fort demand will increase, and as a result cooling loads will increase. Overall, the electricity
consumption for cooling systems in the residential sector will be remain the same as that
in the BAU scenario in 2030. The electricity consumption by TVs and computers will
decrease by about one percent, mostly due to more efficient monitors. We assume no
significant efficiency changes in other appliances. Figure 4.2 shows the average electricity
use by household appliances in the BAU and Efficiency scenarios. According to the results,
average electricity consumption by households in the Efficiency scenario will be 27 percent
less than that of the BAU scenario despite higher penetration rates and higher comfort
levels per household.
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Figure 4.2. Average Household Electricity Demand in BAU and Efficiency Scenarios (2010-2030)

To achieve the efficiency parameters in the household sector, a series of market and
non-market policies is required. For instance, the electricity prices should reflect the indi-
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vidual and social costs of electricity consumption and there should be economic incentives
for saving electricity as well as higher costs for overusing it. The non-price policies may
include setting up minimum efficiency standards for appliances and raising public awareness
about electricity consumption of appliances and their impacts on private and social costs.
Futhermore, they could encompass energy efficiency labeling requirements and building
standards for efficient cooling systems.

4.1.2 Manufacturing Industries

The energy savings in industry can be achieved by taking the following measures

(Ecotys, 2007):

« Installing efficient motor systems to reduce the electricity consumption of electric
motor systems, which account for 65 percent of the electricity consumption use by
industry;

- Improving monitoring and process control, which could lead to more efficient use of
energy in industry. This includes monitoring and targeting, computer-integrated
manufacturing and process (temperature, airflow, moisture, oxygen, etc.) control. These
measures could account for 2 to 18 percent of energy savings.

Performing process optimization and integration analyses (pinch analysis). This is

especially important when there are multiple heating and cooling demands in a pro-

duction plant. Process integration saves energy by matching components of the system
in terms of size, function and capability. The potential savings by process optimization
and integration is 10 to 25 percent.

Recycling, especially in aluminum and steel production. Producing aluminum using

recycled scrap would use only 5 to 10 percent of the energy used to produce aluminum,

because it involves remelting the metal instead of using the electrochemical reduction
process.

Manufacturing industries in Iran have seen immense growth rates of almost 15 percent
per year over the 1990-2005 period, which has led to significant increases in energy
consumption. In spite of decreases of energy intensity of about 7 percent per year between
1990 and 2005, the energy intensity of many industrial installations is still significantly
above the world average (by about 36 percent). This is mainly due to low energy prices, a
lack of capital for investment in new and/or more efficient machinery, government
ownership of major industries with little or no competition in the market and poor man-
agement.

Between 2000 and 2007, the Iran Energy Efficiency Organization (SABA), a subsidiary
of the Iran Power Generation, Transmission & Distribution Management Co. (Tavanir),
and the Iran Fuel Conservation Organization (IFCO), a subsidiary of the National Iranian
Oil Company, have conducted several studies and audited many manufacturing industries
to estimate their energy-saving potential. Table 4.1 shows the auditing results for the four
major aluminum plants by SABA in 1999. The metallic manufacturing industry consumes
25 percent of the energy used in the total manufacturing industries; aluminum plants
consume 17 percent of the total energy consumed by the metal industry. Improved moni-
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toring and process control have been identified as the most important sources of energy
savings in the audited plants.

Table 4.1. Energy Savings in the Aluminum Manufacturing Industry

Electricity |Fuel Electricity- |Fuel- Total Energy |Electricity |Fuel
Consump-  |Consump- |saving saving Saving Savings
tion tion Potential Potential |Potential (C)
(MWh/year) | (GJ/year) |(MWh/year) |(G)/year) |(BOE/year)
1 Aluminum 5117 82,988 1,463.2 37,509 8,713 29 45
Profile
2 |Aluminum 6,408 71,513 2,290.7 27,461 8,531 36 38
Profile
3 |Aluminum 3,397 | 166,174 1,222.8 53,175 10,848 36 32
Profile
4 Cable 3,654 47,520 438.4 20,433 4113 12 43

Source: Tavanir, SABA, 1999

Tables 4.2 and 4.3 summarize the auditing results by IFCO. They show the current energy
consumption and the specific energy index for selected industries as well as the potential
for energy saving in those industrial groups. Both studies demonstrate that using best
practice technology would lead to remarkable energy savings of more than 40 percent on
average as well as to a great deal of savings on energy costs.

Table 4.2. Energy Consumption in Selected Manufacturing Industries

Current Energy Use  |Specific Energy Index

(GJ/ton)
PJ/year Current
Condition
Glass 3.6 22.2 14.77 7.5 7.95 13.63 9.4
Sugar 8.4 51.4 36 12 19.7 27.6 13.8
Cooking Oil 1.8 1.4 10 5 6 7.5 6.4
Tires 0.8 5.1 31.1 17 19 22.7 17.44
Bricks 1.7 10.4 4.8 1.73 2.2 3.9 2.5
Ceramics 3.7 22.7 0.13 0.06 0.07 0.12 0.09
Cement 18.3 112.0 3.5 2.6 2.72 3.45 3
Stucco 2.4 14.8 1.69 0.98 0.9 13 0.98
Lime 0.6 3.5 6.21 3.8 3.8 432 3.78
Iron and Steel 29.9 182.2 15 M 1 12.3 1.3

Source: IFCO, 2007
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Table 4.3. Energy Savings in Selected Manufacturing Industries

Saving Potential Saving Potential (%)
Value Best Current New Plants

R
Glass 8 408 49 8 36
Sugar 31 1,589 67 23 62
Cooking Oil 4 209 50 25 36
Tires 2.2 112 45 27 44
Bricks 49.8 2,512 64 19 48
Ceramics 6.9 352 54 8 31
(ement 16 807 26 1 14
Stucco 0.62 314 4 23 4
Lime 13 70 39 30 39
Iron and Steel 449 2,267 27 18 25

Source: IFCO, 2007

In addition to the auditing results above, we make the following assumptions to derive the
Efficiency scenario results in the manufacturing industries:

It is assumed that real monetary growth and physical production will be decoupled by a
rate of 1 percent per year in the future (as in the BAU scenario), as is typical in more
advanced economies. It is also assumed that existing plants will increase their production
levels through higher capacity utilization and expansions by about 1 percent per year. The
residual production will come from completely new production sites. By 2030, therefore,
the number of plants will almost double, and new installations will account for about
50 percent of physical production.

For the technical standards of refurbished and new power plants, it is assumed that the
current best available technology (BAT), as described in Tables 4.2 and 4.3, will be utilized.
This standard will further improve by about 1 percent each year. For sectors not covered
by SABA, an average savings factor of 50 percent by using BAT versus currently installed
technology has been assumed based on detailed study results from Ecofys (2007).

It is further assumed that reinvestments will be made in the vast majority of existing
plants (83 percent) by 2030. This would enable most existing plants to produce with BAT
by 2030.

The average energy intensity of the manufacturing industries declined by more than 50
percent, at an average rate of 7 percent per year, during the 1990-2005 period. In the Effi-
ciency scenario, a further decline by more than half, at an annual rate of 3.1 percent, is as-
sumed by 2030. Although this decrease in energy intensity in industry is a continuation of
the past trend, its realization requires strong policies to promote efficiency. The 3.1 percent
annual decline in energy intensity in industry under the Efficiency scenario is in the same
range as the German national target of doubling energy productivity, which would need
about a 3 percent annual decrease in energy intensity by 2020. Figure 4.3 shows the total
energy consumption in the industry sector under the BAU and Efficiency scenarios. The
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total energy consumption in the manufacturing industries in the Efficiency scenario will
be 40 percent less than that in the BAU scenario in 2030.
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Figure 4.3. Final Energy Demand in Industry in the BAU and Efficiency Scenarios (MBOE)

4.1.3 Transportation

Fuel efficiency in the transportation sector can be achieved in two ways:
+ A change in the number of cars and travel distance

A change in technology.

The basic assumption in the transportation sector is that the price of gasoline and gas
oil will eventually increase to border prices.' This will lead to a lower number of private
vehicles and a shorter average yearly travel distance compared to the BAU scenario.
Furthermore, the higher costs of private cars will increase the share of public transport.
We assume that the number of private cars will grow from 11 million in 2010 to 24 million
cars in 2030. The average travel distance per private car will decline from 24,000 to 17,600
km/year (a 20 percent decrease compared to the BAU scenario). This is still about 60
percent more than the average travel distance per car in developed countries such as
Germany today.

Passenger cars can be more fuel efficient if they have better engines, less weight, friction
and drag. Hybrid cars, which combine a conventional engine with an electric engine,
currently consume about 4.3 liters per 100 km. This rate can decline further if new light
materials and new propulsion technologies are used. The average specific energy
consumption for Iranian private cars in 2020 is assumed to be the same as in Germany in
2006, which was 7.8 liters per 100 km, and, by 2030, will decrease further to 6 liters per
100 km, which is standard for a fairly efficient mid-sized car today. The efficiency of buses
and trains will increase by 20 percent as a result of the utilization of new buses and engines.

14 This is still significantly less than in most OECD countries, which levy high taxes on transportation fuels.

62



Sustainable Energy Strategy for Iran Alternative Scenarios

The efficiency of aviation will be raised by 45 percent due to the introduction of newer
and bigger planes.

In addition to changes in fuel prices according to the private and social costs, a series
of non-price policies is needed to achieve the efficiency outcomes. These policies can
include:

- Expansion of public transit (buses and trains)

Public awareness campaigns about the efficiency of cars and the environment

Efficiency labeling requirements for cars and trucks

Regulation of imported cars to meet high efficiency standards

Education courses for efficient driving

Improvement in road conditions

Efficiency improvement in domestic refineries.

Figure 4.4 shows the total energy consumption in the transportation sector under the BAU
and Efficiency scenarios in 2010-2030. The total energy used in the transportation sector
in the Efficiency scenario will be 33 percent lower than that in the BAU scenario.
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Figure 4.4. Final Energy Demand in the Transportation Sector under the
BAU and Efficiency Scenarios (2010-2030) (MBOE)

4.1.4 Other Sectors

Other sectors include the public sector, the commercial sector and agriculture. Energy in
the public and commercial sectors is mainly demanded in the form of heat and electricity
for buildings. As the results of surveys show (see Table 4.4), public buildings, particularly
hospitals, have extremely high energy intensities. Nevertheless, high saving potentials of
between 30 and 50 percent have been proven even with current low energy prices. For
existing buildings in the public sector, an average savings potential of 35 percent over the
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next 20 years has been assumed to be feasible by systematic upgrades. While savings of
35 percent or more seem to be easily achievable from a technical point of view, the crucial
factor will be the possible speed of refurbishment. For new buildings, savings potentials of
up to 80 percent compared to the current average are feasible. The average energy intensity
of the sector will be 35 percent below BAU levels by 2030.

Table 4.4. Energy Savings in Selected Buildings

Project Energy Use Energy Use

before the Plan after the Plan

©) MW/md) @) jmd) %) |
Hospital (600 beds) — Tehran 169,999 4,404 111,171 2,880
Hospital (400 beds) — Tehran 109,216 3,248 68,530 2,038 37
Hotel (5 stories, 60 rooms) — Tehran 62,311 1,648 4,040 1,068 35
Public Building (13 stories) — Tehran 22,041 2,388 11,057 1,198 50
Public Building — Fars 12,678 1,822 8,319 1,195 34
Public Building — East Azerbaijan 13,369 1,774 7,552 1,002 44
Public Building — Khorasan 10,843 1,807 6,220 1,037 43
Residential Building (12 stories) — Tehran 81,447 1,616 48,485 962 40
Residential Building (4 stories) — Tehran 3,376 2,153 1,624 1,036 52
Residential Building (20 cases) — Tehran 22,638 1,417 12,123 759 46
Educational Building 75,594 2,645 54,426 1,904 28
Total 583,512 333,548 46
Subtotal Public 413,740 267,276 35

Source: Ministry of Energy, 2004

In order to achieve the efficiency outcomes above, the government should take the following
measures:
Develop building codes for meeting energy efficiency standards;
Regulate energy use in public buildings, such as monitoring the
use of lamps during out-of-office and holiday hours;
Replace inefficient light bulbs and appliances in public buildings
with efficient bulbs and appliances;
Implement minimum requirements for the public procurement of
energy-consuming goods;
Implement control systems to monitor building standards;
Financially support public institutions so they can invest in energy efficiency;
Implement Article 44 of the Constitution in ways that increase the role of the
private sector in the economy.

Figure 4.5 shows the energy consumption in the public sector under the BAU and Effi-

ciency scenarios in 2010-2030. The total energy consumption in the public sector in the
Efficiency scenario will be 26 percent less than that in the BAU scenario in 2030.
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Figure 4.5. Final Energy Demand in the Public Sector in the BAU and Efficiency Scenarios (2010-2030) (MBOE)

In commercial buildings, energy consumption and potential savings are similar to those in
public buildings. However, due to more dynamic development in the commercial sector,
higher refurbishment rates and new building rates are assumed. This leads to overall
savings of about 56 percent over the BAU scenario by 2030. The results are presented in
Figure 4.6. To achieve the Efficiency scenario outcomes, several policies and measures are
required, including minimum standards for building design; minimum standards for elec-
tric appliances, including air conditioning; information campaigns; and financial support
for investment in energy efficiency.
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Figure 4.6. Final Energy Demand in the Commercial Sector in the
BAU and Efficiency Scenarios (2010-2030) (MBOE)
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In the agricultural sector, achievable savings are likely lower than those in the public and
commercial sectors. The main reasons for this are the more diverse use of energy and the
often limited availability of capital and knowledge about technology due to remote loca-
tions and socio-economic conditions. Nevertheless, savings of about 40 percent over BAU
are projected for electricity and 20 percent for fuels. The results are shown in Figure 4.7.
In addition to the measures applied in other sectors, it is particularly important in the
agricultural sector to start targeted information campaigns and to provide financial
support to make investment in energy-efficient technology (and thus more economical
technology in the long run) affordable.
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Figure 4.7. Final Energy Demand in the Agricultural Sector in the
BAU and Efficiency Scenarios (2010-2030) (MBOE)

4.1.5 Total Energy Savings in the Efficiency Scenario

The total final demand for energy under the Efficiency scenario will grow on average by
0.8 percent per year, growing from 1,305 MBOE in 2010 to 1,526 MBOE in 2030. This
means that the energy demand growth will slow down on average by 2.3 percentage points
per year compared to the BAU scenario. Figure 4.8 shows the total primary energy de-
mand under the Efficiency and BAU scenarios.

In general, the Efficiency scenario shows more than 40 percent energy savings in the
country by 2030. Figure 4.9 depicts the energy saving rate in different sectors according to
the Efficiency scenario. The scenario predicts the greatest impact on energy savings to be
in the commercial sector (46%) followed by in households (40%). Between 30 and
35 percent can be saved in the industrial, transportation and public sectors. It should be
noted that even though the saving rates in the commercial and public sectors are higher
than those in industry and transportation sectors, the amount of energy saved in the latter
are much higher due to their higher level of energy consumption.
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Figure 4.8. Total Primary Energy Demand in BAU and Efficiency Scenarios (MBOE)

The total energy demand by energy types under the BAU and Efficiency scenarios in 2030
are shown in Figure 4.10. Demand for all energy carriers will decline in the Efficiency
scenario relative to the BAU scenario. The most significant decline is in natural gas
consumption, which would decrease by almost 50 percent. Gasoline would also decrease
considerably, by about 42 percent. The consumption of electricity would decrease by
35 percent, and gas oil, fuel oil and LPG by about one-third.
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Figure 4.9. Savings in the Efficiency Scenario Compared
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Figure 4.10. Energy Demand by Energy Type in the BAU and Efficiency Scenarios (2030) (MBOE)
4.2 Scenario ll: Renewables

This section focuses on renewable energy potentials in Iran. We first review all the potential
resources and then present an estimation of the energy demand under a Renewables
scenario for the 2010-2030 period. Different national and international studies were used
as data sources. The main focus in the scenario is on electricity generation, but heat
generation is also analyzed.

However, due to continuous progress in the area of renewable energy technologies, this
analysis does not represent the very latest status. In general, it can be stated that renewable
energy technology has been technically improved and that production costs have been
reduced. This holds particularly true for photovoltaic technology, an area which experienced
considerable cost reductions in recent years. In the scenario presented in the following
concentrating solar thermal power plants (CSP) play a major role since they provide several
advantages (e.g. their storage capacity, the possibility to combine it with gas-fired power
plants, etc.) compared to other renewable energy technologies. Since the creation of the
scenario, however, costs of photovoltaics declined much more steeply than those of CSP.
In the light of this development an updated scenario would (among other changes) assume
higher shares of PV electricity generation and lower shares of CSP.

4.2.1 Wind Power

Estimates of wind power potential in Iran vary according to different studies. They range
from 6,500 MW by the World Bank to 12,000-16,000 MW by the Renewable Energy
Organization of Iran (hereafter SUNA) (CEERS et al., 2006). Assuming 2,000 full load
hours, the latter estimate leads to a potential generation of 32 TWh/year of electricity. A
study by a German company (Hagenkort, 2004; Kipke, 2004) shows some exceptionally
good wind power sites in northeastern Iran with high wind velocities. However, the German
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Aerospace Center (Deutsches Zentrum fiir Luft- und Raumfahrt, hereafter DLR, 2005)
generated a wind map with satellite imaging, showing only a small wind power potential
of 8 TWh/year. The DLR report argues that this is probably significantly underestimated.
We assume that wind power will be able to generate 22 TWh/year electricity by 2030, which
is still about eight times higher than electricity generation by renewable sources in the BAU
scenario.

4.2.2 Biomass

The DLR (2005) lists a biomass potential of 24 TWh/year electricity, but this figure includes
municipal waste. Since the data sources regarding biomass are unreliable, we ignore biomass
as an electricity option almost totally and use only a very low figure, i.e. 0.018 TWh/year
in all scenarios by 2030.

4.2.3 Geothermal

Geothermal primary energy sources are relatively well investigated in Iran, but there is still
a lack of knowledge on their economic and technical potential. Talebi (2004) from SUNA
estimates a nationwide geothermal electricity potential in the range of 5,000 to 6000 MW,,. As
geothermal energy can be used for base load on a 24/7 basis, full load hours (FLH) are high.
Assuming 7,500 FLH, about 37-45 TWh/year electricity could be produced. However, since
geothermal “hot spots” are far from inhabited areas, heat could not be used. Therefore, it is likely
that the only option for geothermal energy utilization would be electricity generation.
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Figure 4.11. Geothermal Resources in Iran
Source: Own figure based on SUNA, 1998
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According to SUNA, there are 14 regions in Iran that appear promising for geothermal
energy (Figure 4.11). These regions are divided into three categories (Talebi, 2004;
Fotouhi, 1994):

+ (Category 1: Sabalan/Meshkin-Shahr. This area has been explored in detail, its potential
has been thoroughly studied, and the temperatures are well known. Iran’s first geothermal
power plant is being built in this area.

Category 2: Khoy-Maku, Sahand and Damavand. These regions were identified as potential
geothermal sites in the 1970s. They have been explored relatively well and the details of
their energy contents have been estimated.

Category 3: Takab, Ramsar, Isfahan, Khur, Ferdows, Nayband, Bushehr, Lar, Bandar Abbas
and Taftan-Bazman. These have been identified as potential geothermal regions, but
detailed assessments are still needed.

Table 4.5 presents information about the energy contents of Iran’s geothermal regions

as reported by various studies.

Table 4.5. Selected Current and Potential Geothermal Sites in Iran

Location Energy Potential Notes

Sabalan* 32*1018 ) - 481018 J

Meshkin-Shahr Project 250 MW, Project budget: US$ 250 million
Khoy-Maku** 30*1018 — 40*1018 J Surface temperatures between 25 and 63 °C

*Fotouhi, 1995, 1994; Fotouhi, Noorollahi, 2000
**Noorollahi, 2004

We assume that by 2030 geothermal sources will be able to produce 5.25 TWh/year elec-
tricity, which is about 17 times more than electricity produced by geothermal in the BAU
scenario. However, the utilized resources will nevertheless remain far behind the maxi-
mum potential, due to the short period of time between now and 2030.

4.2.4 SolarIrradiance

Studies show that solar irradiance is very high in Iran. For instance, using satellite imaging,
the DLR (2005) found direct normal irradiance to be 2,200 kWh/m?/year and estimated
the total economic potential for its use in concentrated solar power plants (CSP). It analyses
the relevant topographic aspects of different areas in the country including water surfaces
and high inclinations. One can also estimate the total area that could be used for the
erection of other solar power solutions, such as photovoltaic power. In general, adequate
surfaces in Iran are so large that they would not be a limiting factor for solar energy
utilization.

In a nationwide analysis of irradiance, Samimi (1994) estimated that on 80 percent of
Iran’s territory, solar irradiance is in the range of 1640-1970 kWh/m?/year. The highest fi-
gures were found in the central Iranian region. Geyer (2007) has provided detailed measu-
rements of solar intensities at selected sites. He calculated a maximum direct normal inso-
lation in Shiraz of about 2,580 kWh/m?/year. The central province of Yazd also has a high
solar energy potential. According to the Iranian Power Development Company (IPDC,
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2001), solar insolation in Yazd is in the region of 2,500 kWh/m?/year. In our scenario analysis,
based on assumptions concerning the capacity installation rate and full load hours, we
estimate that 94 TWh/year electricity will be produced by CSP and 0.007 TWh/year by
photovoltaic generation. CSP generation is assumed to be 0.004 TWh/year in the BAU

scenario.

4.2.5 Hydropower

Hydropower produces about 12 TWh/year electricity and, therefore, its contribution to
energy production is not significant in Iran. However, there are plans to increase hydro-
power’s share in the electricity mix. The World Energy Council (WEC) and the DLR
estimate Iran’s hydropower potential to be 48 TWh/year (DLR, 2005; WEC, 2001). In our
study, we estimate that large hydropower sources will contribute to electricity generation
by producing 17.3 TWh/year.

Table 4.6 summarizes the renewable electricity performance indicators estimated by the
DLR (2005). They define the representative average renewable electricity yield of a typical
facility in Iran. Table 4.7 shows the economically viable renewable electricity supply side
potential, which is estimated by the DLR (2005) for Iran. As mentioned before, the potentials
need to be revised due to considerable improvements in renewable technologies over the
last decade. Regarding the current state of technology particularly the potentials for PV
and wind would be significantly higher.

Table 4.6. Basic Data on Renewable Energy Potential in Iran

Hydro Geo Bio CSP Wind PV

Full Load Hours | Temperature at | Full Load Hours | Direct Normal Full Load Hours | Global

per Year 5,000 m Depth | per Year Irradiance per Year Horizontal

(h/year) (°C) (h/year) (kWh/m?/year) (h/year) Irradiance
(kWh/m?/year)

1,351 295 3,500 2,200 1,176 2,010

Well documen- |From 5,000 m | Agricultural From DNI and CSP | From wind speed
ted resource  |temperature (bagasse) and | site mapping, and site

£ taken from map considering | municipal taking sites with | mapping, taking
g literature areas with waste and DNI > 2,000 kWh/ |sites with a yield
2 T>180°Cas renewable m2/year as > 14 GWh/year
economically | solid biomass | economically and from
viable viable literature (EU)

Source: DLR, 2005

Table 4.7. Summary of Economic Renewable Electricity Supply Potential in Iran (TWh/year)
Hydro Geo Bio csp Wind PV

Electricity Supply 148 113 (237 20,000 8 16 \
Source: DLR, 2005
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4.2.6 Economic and Infrastructural Analysis

Detailed data on renewable energy potentials in the MENA region are given by the DLR.
In the TRANS-CSP report, basic data is also given for conventionally fueled power plants
as a standard for comparison (see Table 4.8).

Table 4.8. Basic Parameters of Conventionally Fueled and of Renewable Energy Power Plants

Economic Life |Efficiency (%) |Fuel Price Operation & Annual Full
Escalation (%) |Maintenance Load Hours

(% of inv./year) |(hours/year)

Steam Coal 40 40 1 3.5 5,000
Steam 0il 30 40 1 2.5 5,000
Combined Cycle 30 43 1 2.5 5,000
Wind Power 15 1.5 2,000
Solar Thermal 40 37 1 3 8,000
Hydro 50 75 3 2,600
Photovoltaics 20 10 1.5 1,800
Geothermal 30 13.5 4 7,500
Biomass 30 35 3.5 3,700

Source: DLR, 2005

Full Load Hours (FLH)

The DLR assumes high investment costs for hybrid CSP with combined feed of natural gas
and solar radiation. The share of natural gas in CSP plants decreases greatly over time, and
expensive storage technologies would become necessary. FLH of hybrid CSP are 8,000/year,
which is exceptionally high. As CSPs fulfill peak load production in later decades, FLHs
decrease over time. This is one option for calculating the basic characteristics of CSP, but
other assumptions are also possible. For instance, the share of natural gas can decrease at a
slower rate and therefore the need for expensive storage systems for solar radiation can be
postponed. This leads to lower investment costs compared to what the DLR has estimated.

Investment Costs

The DLR has calculated the investment costs of renewable energy technologies at different
stages of their development. According to these calculations, the investment costs would
be reduced dramatically mainly because of learning curves as well as because of econo-
mies of scale. The only exception is the investment cost of CSP plants, which would
increase because of increasing solar shares (increased collector fields and storage) and
increasing annual solar operating hours. The electricity cost, however, would continue to
decline over time. Figure 4.12 shows the specific investment cost trend for the regions of
North Africa and the Persian Gulf.
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Figure 4.12. Investment Costs of Renewable Power Plants
Source: DLR, 2005

The World Bank (2006) has also estimated the investment costs of renewable energy
plants, which are different from the DLR’s estimates. This data was processed by
Supersberger (2007). The results are presented in Table 4.9.

Table 4.9. Investment Costs of Renewable Energy Resources in US$/kW

Geothermal (hydrothermal) 2,500 12,300 2,150 2,050 2,000 2,000
(Sp 2,500 2,250 12,100 2,000 2,000 |2,000
Hydropower 1,800 1,800 1,800 1,800 1,800 |1,800
Source: DLR, 2005; Supersherger, 2007; World Bank, 2006

The costs of electricity generation by renewable energy technologies have been estimated
by the DLR (2005). According to this estimation, none of the renewable technologies,
except for hydropower, could compete with fossil fuels in 2000. By 2030, however, they
will cost either the same or slightly less than fossil fuels, and 20 years later, they will all
become cheaper. Figure 4.13 shows the electricity cost estimation by different renewable
energy technologies.
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Figure 4.13. Electricity Costs by Renewable Energy Technologies
Source: DLR, 2005

Time Scale and Dynamics

As the different options show different levels of market readiness and flexibility regarding
technology implementation and construction times, the establishment of a certain chro-
nology of renewables introduction is necessary. Renewable energy contributions vary
strongly depending on the specific scenarios. In the BAU scenario, only hydropower plays
a somewhat important role, with about 12 TWh/year in 2030. Wind power is the second
largest contributor, but with less than 3 TWh/year. In the Renewables scenario, however,
hydropower supplies 17.6 TWh/year. About 20 percent of the total possible geothermal
electricity generation is utilized by 2030, which would contribute 5.25 TWh/year electricity
to the system. Also in the scenario, the first concentrated solar power (CSP) plants enter
the system, mainly as retrofitted natural gas fueled combined cycle power plants that were
initially built as natural gas fueled plants. The plants are retrofitted with solar devices later,
when costs come down significantly. CSP makes the largest contribution to electricity
production among the renewable energy sources in the Renewables scenario, amounting
to 94 TWh/year by 2030.

Concentrated solar power plants (CSP) are often planned as hybrid plants, using natu-
ral gas during nighttime and solar radiation during the day. In general, it is possible to
build natural gas power plants “CSP ready,” starting with a 100 percent natural gas share,
and adding solar devices later. The major additional requirement is space to add the solar
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panels. This arrangement of the hybrid CSP has the cost advantage of using inexpensive
natural gas plants at the beginning and the solar devices some years later, after costs come
down.

4.2.7 Final Energy Demand in the “Renewables” Scenario

In the Renewables scenario, until 2030, the final energy demand includes only small shares
of renewable energies in the supply. A summary of the utilization of the renewable energy
sources in each sector of the economy is provided below.

Over the coming decades, solar thermal water heating will become a standard in Iranian
homes, just as it already is in many households in the Mediterranean region. It is assumed
that by 2030 about two-thirds of sanitary hot water will be produced by solar thermal heat.
In addition, solar devices will be used for cooking, mainly in rural areas, supplying about
10 percent of the energy demand for this use. Overall, this leads to a share of about 10
percent of direct renewable energy use.

The share of renewable energy use in the manufacturing industries sector is expected
to increase to 6 percent. This is relatively low, mainly because of the limited potential for
residuals from production, biomass, geothermal and solar radiation. Biomass is in general
very low and geothermal is not practical because of large distance between supply and
consumption locations. There is, however, large potential for solar heat generation for in-
dustrial processes, which will be realized to large extent in the longer time frame.

We assume no introduction of biofuels in the transportation sector, as the supply chain
would be too expensive regarding the low biomass potential. However, renewable energies
will contribute about 13 percent to fuel use in the agricultural sector. Biomass and solar
radiation are two important renewable energy sources, as agricultural residues and locally
grown oil seeds can be converted to liquid fuels and heat, and solar heat generation is a
viable option. The share of renewables is assumed to remain relatively low for two reasons:
the short timeframe and the limited potential for biomass. The renewable energy share in
the commercial sector is 16 percent in this scenario, contributed mainly by solar thermal.
Its share is relatively high due to the easy implementation of solar thermal systems
together with the high rate of efficiency available. Finally, renewable energies will comprise
up to 10 percent of fuel use in the public sector by 2030, mainly contributed by solar
thermal.

Figure 4.14 shows the total primary energy demand under the Renewables scenario in
comparison with the BAU scenario. In 2030, the total demand for energy will increase
from 1,305 MBOE in 2010 to 2,151 MBOE, which means an average growth rate of
2.5 percent per year. The savings achieved in comparison to the BAU scenario will almost
exclusively be achieved by the higher efficiency of renewable power generation technology.
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Figure 4.14. Total Primary Energy Demand in the BAU and Renewables Scenarios (MBOE)

4.3 Scenario lll: The Combined Scenario

In the Combined scenario, we merge the Efficiency and Renewables scenarios. As a result,
the level of energy savings under this scenario is expected to be higher than that of each
individual scenario. Since we have already discussed the details of each scenario and their
implications in each sector of the economy, we only present the final result of this scenario.
Figure 4.15 shows the total energy demand under the Combined scenario compared with
the BAU scenario. The total energy demand under the Combined scenario will slightly
decrease by about 0.3 percent per year (on average) for the 2010-2030 period. This is much
lower than the 3.5 percent growth in energy demand in the BAU scenario. The total energy
demand in 2030 under this scenario will be 1,234 MBOE, which implies a savings rate of
51 percent compared to the BAU scenario.
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Figure 4.15. Total Primary Energy Demand in the BAU and Combined Scenarios (MBOE)
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4.4 A Comparison among Scenarios

Table 4.10 shows a comparison of the demand for energy among four scenarios. As is evi-
dent from the table, the Efficiency scenario would lead to about 40 percent savings in total
energy consumption in 2030. This savings potential is very significant in an international
context. Energy savings under the Renewables scenario would be about 11 percent in
2030. However, this savings rate in the Renewables scenario only reflects the efficiency
gains in electricity production by the use of renewable energies. The Combined scenario,
which brings the Efficiency and Renewables scenarios together, shows the highest energy
savings in 2030. In total, the energy savings rate under this scenario would be 51 percent
compared to the BAU scenario.

Table 4.10. A Summary of the Scenario Results (2010-2030)

Scenario Primary Energy Demand (MBOE)  |Growth per Year (%) |Savings Compared
200 | 2030 (o SARBYR00 )
BAU 1,305 2,528 3.4 -
Efficiency 1,305 1,526 0.8 40
Renewables 1,305 2,151 2.5 15
Combined 1,305 1,234 -0.3 51

Total demand for electricity almost doubles in the BAU scenario by 2030. However, under
the Efficiency scenario it only increases by about 16 percent; in the Renewables scenario,
72 percent. The most significant reductions in electricity consumption compared to Busi-
ness-as-Usual come in the manufacturing industry, under the Efficiency and Combined
scenarios. Figure 4.16 shows the total demand for final energy by sectors and scenarios
(2030).

2,500
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= Commercial M Public Sector Agriculture

Figure 4.16. Total Demand for Final Energy by Sector and Scenario (2030)
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The sources of electricity generation vary with the scenarios and throughout the years.
Overall, the share of renewable sources in electricity generation increases in all scenarios.
Specifically, the share of renewable energy in producing electricity is about 2 percent in
BAU in 2010, and will remain about the same in 2030. However, it will increase to 3 percent
in the Efficiency scenario, to 20 percent in the Renewables scenario, and to 28 percent in
the Combined scenario. The higher shares in the Combined scenario are due to two
effects: employing more renewable resources under the Renewables scenario and the
decreasing demand for electricity under the Efficiency scenario.

Figure 4.17 shows the final energy demand in alternative scenarios in different sectors
of the economy. It is evident that under the Efficiency scenario, the highest potential for
saving energy comes in the household sector. The industry and transportation sectors also
show significant energy savings under the Efficiency scenario. Although energy savings in
the public and commercial sectors are also relatively high, in absolute terms they are not
comparable with those in the household, industry and transportation sectors.
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Figure 4.17. Summary of the Scenario Results (2010-2030) (MBOE)

4.5

Energy Intensity

Iran’s energy intensity is one of the highest in the world. We compare energy intensity in
different scenarios in Iran with that of the rest of the world, and with an industrialized
country with a low energy intensity such as Germany. In 2003, Iran’s energy intensity was
more than 60 percent higher than the world average and more than twice as high as in
Germany. In the Efficiency scenario, however, the energy intensity in 2030 declines by about
60 percent, making it lower than the world average, and lower than Germany today.
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Figure 4.18. Energy Intensity in Iran in 2030 under Different Scenarios
4.6 Economicand Ecological Impacts of Scenarios

The different impacts of the scenarios are of great importance for policy-makers facing
socio-economic challenges in the energy sector and the economy as a whole. For instance,
in the BAU scenario, the export capacity of crude oil and natural gas will continually
decrease because of increasing domestic consumption. With the current trend, it is likely
that Iran may no longer be able to export any oil in the mid-2030s. The same might also
apply to natural gas somewhat later. In the alternative scenarios discussed in this chapter,
Iranian export capacities of oil and natural gas would decrease more slowly, maintaining
the country’s export capacity at least until the middle of the century.

The BAU scenario also demonstrates significant negative impacts on the environment.
CO, emissions increase proportionally to oil and gas consumption, and thus will almost
double by 2030. This also applies to other pollutants, such as nitrogen oxides, sulfur dioxide,
dust and heavy metals. This means considerable additional financial costs as well as health
risks for the public, especially in areas with high population densities. In the alternative
scenarios, CO, emissions and contamination by other pollutants would decrease considerably.
For instance, in the Combined scenario, energy-related CO, emissions in Iran would be
reduced by about 50 percent compared to the BAU scenario.

4.6.1 Economic Impacts

We examine the overall economic impacts of the scenarios by focusing only on the changes
in export revenues. Since our assessment of the scenarios will depend directly on world oil
prices, we will have to make an assumption about its long-term trend. Oil prices are one of
the most volatile prices in the world, making its short-term prediction very difficult, if not
impossible, but the overall trend of prices can be forecasted based on the fundamental
forces in the market. Some of the basic market forces include increasing demand for crude
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oil (particularly by emerging economies), limited supplies, technological progress in ex-
tracting non-conventional oil, and the substitution of alternative energy sources. The first
two factors would push oil prices up; the last two factors would do the opposite. Furthermore,
changes in political and market structures towards the growing autonomy of oil-producing
countries in OPEC and increasing competition among importing countries might also
create pressure to increase oil prices. For the past few decades, several new technologies
have been developed to extract oil from non-conventional sources, such as oil sand extraction
techniques in Canada and hydraulic fracking in the United States. However, the costs of
oil production from those reserves are still very high compared to oil production from
conventional reserves. Since the development of new technologies and substitution of new
energy sources take time, the upward pressure factors seem to have a dominant effect on
oil prices in the next two or three decades. Our estimates for oil prices are on average
US$ 100 for the 2020-2030 period (increasing from US$ 90 in 2020 to US$ 110 in 2030).

Figure 4.19 shows potential savings from the alternative scenarios for energy consumption
in Iran. The total revenues from additional oil exports will be about US$ 900 billion in the
Efficiency scenario, and US$ 300 billion in the Renewable scenario between 2020 and
2030. Potential revenues in the Combined scenario climb to US$ 1.1 trillion by 2030. Adopting
more efficient energy production and consumption techniques will allow the country to
obtain extra capital through higher exports of oil and natural gas and to invest in physical
and human infrastructure and capital to ensure sustainable growth and prosperity.
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Figure 4.19. Potential Revenues from Alternative Energy Scenarios (2020-2030)

The economic impact evaluation of the scenarios shows that the potential revenues
generated by the modeled scenarios in Iran are remarkably high. To make these additional
revenues a reality, however, there is a need for investment in new capital and training.
Although an estimation of detailed investment costs requires further research, the results
of some other studies, which can be used as references, look promising.
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One example of this is a thermal solar study for Tehran (CEERS et al., 2005), showing
that adopting the technology for production of warm water would be beneficial in Iran.
Calculating with a relatively low oil price of US$ 38 per barrel, the study estimates revenue
of about US$ 168 per year for every solar thermal installation in a two-floor flat. Assuming
a lifetime of 25 years, every solar thermal plant would yield economic net benefits (additional
oil revenues minus capital and maintenance costs) of US$ 4,200. Assuming that solar
heating systems would be installed in one quarter of all households in Tehran, the total net
revenue would total US$ 1.800 billion for the Iranian economy. Since oil prices are actually
much higher than what the study has assumed, the reported savings can been seen as the
lower bound of different estimates.

Supersberger (2007) has estimated the revenues and investment costs of increasing
efficiency and renewable energy sources in Iran for the 2005-2050 period. Given the
assumption of oil price of US$ 47 per barrel in 2005 and investment costs equaling
US$ 47.2 billion, the net benefit of implementing the Efficiency and Renewables scenarios
would be US$ 403 billion.

International studies for Germany, Europe and others confirm this economically profitable

development. For instance, in a comprehensive study published in 2002 by a commission
of enquiry of the German Federal Parliament on sustainable energy supply, one point of
interest is the assessment of different energy scenarios and their costs until 2050. The results
of the study show that the additional costs of alternative scenarios, without taking into
account external costs, are only slightly higher in comparison to the baseline scenario at
extremely low oil price levels. When taking into account external costs, all Efficiency and
Renewables scenarios perform better economically than the baseline scenario.
Another recent study by the Federal Environment Ministry (BMU, 2008) shows that rene-
wable energy technologies for power supply in Europe are already partly profitable and
will be completely profitable in the medium term. Furthermore, electricity generation in
hydropower plants is already cheaper today than conventional electricity generation. Given
a dynamic view and further growth of world market prices for fossil fuels, geothermal
energy and wind energy will reach their break-even point shortly after 2020. Only photo-
voltaic panels will need more than three decades to become profitable for electricity gener-
ation.’® The same study also shows that in Europe heat generation with biomass would be
profitable by 2010, while heat generation using geothermal energy and solar collectors will
become profitable between 2020 and 2025.

4.6.2 Ecological Impacts

Climate change is a global challenge and the concentration of CO, emissions is the main
cause of global warming. Based on findings from the IPCC (2007), to prevent a climate
catastrophe, CO, emissions must be reduced by at least 50 percent of 1990 levels worldwide
by 2050. The developed industrial countries are the main drivers of climate change and
should, therefore, make the most contribution to reducing CO, emissions. Nevertheless,

15In fact, the cost decrease was much stronger than expected. In countries like Iran, PV would be already profitable today if
investment cost were comparable to PV investment cost in Europe.
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as expressed in the Bali Roadmap, the less-developed industrial countries and developing
countries such as Iran can make their own contribution as well. The demand scenarios
presented in this study can be used to assess the CO, emission impacts under different
scenarios. Since the total demand for primary energy in the Efficiency, Renewables and
Combined scenarios are less than that in the BAU scenario, CO, emissions are expected to
be lower in those scenarios in comparison to the BAU scenario.

Crude oil contains 466 kg CO, per barrel and natural gas contains about 340 kg CO,
per barrel of oil equivalent. For reasons of simplicity, CO, emissions resulting from losses
of gas and burning off during oil production are not taken into account. In addition,
climate-relevant CO, emissions from methane need to be examined separately. We use the
results of energy savings under different scenarios presented in the previous sections to
calculate the CO, emission levels. Figure 4.20 shows the trends of CO, emissions for four
scenarios for the 2010-2030 period.
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Figure 4.20. (0, Emissions in Alternative Scenarios (2010-2030)

According to the bottom-up analysis described in Chapter 3, CO, emissions in Iran rise by
3.3 percent per year under the BAU scenario. Although this increase is significantly lower
than the one projected in Iran’s Second National Communication to the UNFCCC (which
expects GHG emissions to grow by 8.4 percent/year from 2007 to 2025), the amount can
be significantly decreased under the alternative scenarios. Total emissions increase by only
1.1 percent under the Efficiency scenario and decrease by 0.2 percent under the Combined
scenario. This means that CO, emissions slightly decrease from the current level of
535 million tons to 518 million tons in 2030. The alternative scenarios will not only generate
additional revenues for Iran’s economy of more than US$ 1,000 billion in 20 years, but also
enable Iran to stabilize or even slightly reduce CO, emissions according to IPCC
guidelines, following a responsible and climate-friendly development path and acquiring
an internationally leading position.
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CO, is not the only pollutant that is generated by fossil fuels. Other pollutants such
as SO,, NO,, dust, CO and heavy metals such as lead are also generated during the
combustion of oil and gas. The main producers of SO, are industry and power plants,
and NO, is a byproduct of the transportation sector. These substances constitute a
massive risk to humans and the environment. They induce numerous illnesses as well
as soil and water pollution, which create immense follow-up costs for the economy. For
instance, bronchitis, skin diseases and allergies are often caused by a concentration of
the pollutants above that get into the human organism directly through the air or
indirectly through the food chain. If these external costs imposed on health and
environment are taken into account, the net benefits of the scenarios will be even higher
than what are already shown in this study.

An estimation of these external costs falls outside the scope of this study and requires
additional research, but to show the significance of those costs, we make a reference to a
major study by the European Union. The European Commission predicts that, as a result
of air polluted by SO,, NO,, dust and CO,, death will come early to many people, with
2,800,000 life-years lost by people over 30, 142,268 cases of chronic bronchitis, and
240,333,947 working days lost in the economy in 2020. However, if fossil final energy
consumption is reduced by 30 percent, those losses would decrease by about 12 percent.
The study estimates that the reduction of illnesses would lower healthcare costs in the
European Union by € 19.9 billion (as a minimum estimate) to € 76.9 billion (on the high
end). The consequences of fossil fuel combustion for health and the economy in Iran will
have to be assessed in a separate study. The study by the European Union nevertheless
shows that a great many human health problems and the resulting healthcare costs for the
economy may be avoided by changing the current energy system.

4.7 Conclusion

This chapter examined the potential impacts of energy efficiency measures and renewable
energy sources on energy consumption in Iran and on the country’s economy. The results
indicate that Iran would strongly benefit from adopting alternative pathways (as in the
Efficiency, Renewables, and Combined scenarios) and freeing its oil and natural gas
resources up for exports over the next 20 years. In addition, following alternative scenarios
would help Iran reduce its greenhouse gas emissions significantly and could thus
contribute to the local and the global environmental quality. However, in order to obtain
the benefits associated with the alternative scenarios, the following assumptions about
price and non-price policy changes are made:

The price of fuel will continuously approach border prices. Electricity prices will rise
and reflect the true cost of electricity production and distribution. A rise in relative energy
prices will change people’s behavior in energy demand and their investment in efficient
appliances, buildings, cars and power plants.

Any cost-related decision concerning energy efficiency at the individual level is based,
more or less, on a trade-off between the up-front investment cost and the expected future
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energy expenses. As the energy price increases, energy-efficient solutions, which typically
have higher costs up front, become more attractive. Making an investment decision about
energy-efficient appliances or industrial machinery and equipment requires price signals
which reflect true market conditions.

To gain efficiency, the government may change its past policy of full provision to allow
for private sector investment in the energy sector. The government would still be able to
regulate the market to protect consumers from monopolies exercising market power and
to ensure environmental quality and sustainability. Effective regulations will lead to energy
prices that reflect the cost of energy supply, i.e. the long-term marginal cost for electricity
and the long-term price of oil products in international markets for fossil fuels. They
will also concern energy security, accessibility, as well as environmental protection and
sustainability.

In addition to price and market reform, there are other measures that would help to
remove the existing barriers to energy efficiency:

- Increasing the availability of efficient appliances and production capital;
« Increasing the availability of information for consumers about efficient

appliances, machines and equipment;

Raising public awareness of energy efficiency, in particular end users’

awareness of the individual and national benefits of energy efficiency

and climate protection;

- Removing other obstacles such as legal and administrative barriers; and
- Increasing the availability of technical, commercial and financial services.

These policy measures are necessary in market economies to reinforce the role of energy
prices, and to create a framework that provides cost-effective solutions for consumers.
Any efficiency improvements in oil-consuming sectors, such as the transportation sector,
will result in direct benefits to the balance of trade, because it will lead to less gasoline im-
ports from other countries. Instead of subsidizing the consumed energy via the national
budget, the resources saved could be sold on the world market. Improving energy efficiency
in consumer products would have two major benefits. First, the electricity demand growth
would slow down, which reduces the expansion of investment needs in the electricity
sector. Second, the costs of the saved kilowatt-hours are usually lower than the costs of
electricity production, i.e. that energy savings result in a macroeconomic gain.
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Renewable Energy Sources

5.1 Introduction

The rising concerns over energy scarcity and security as well as environmental problems
have led developed countries to increase their investment in renewable energy sources as
an alternative to conventional energy. Renewable energy development helps to address
challenges such as climate change, environmental pollution and sustainability of energy
sources. Furthermore, renewable energy technologies are becoming increasingly important
for innovation and technological advancement, economic development and job creation.
Governments across the developed world are increasingly supporting activities in research
and development that will improve technologies to help alternative energies compete with
fossil fuels. Recent achievements in wind and solar electricity generation as well as with
hybrid and electric cars indicate that new energy sources will be used more extensively in
the near future.

In several countries, renewable energy sources represent a rapidly growing share of total
energy supply. As efficiency has increased and costs have fallen in the renewable energy
sector, it was possible to build the first onshore wind and solar installations without subsidy
support in several locations around the world in 2013 (GSR, 2014). According to the latest
Global Renewable Status Report from 2014, the total investment in renewable energies
increased from US$ 40 billion in 2004 to US$ 279 billion in 2011, an annual growth rate of
18 percent. It is interesting to note that developing countries are also playing an increasingly
important role in the deployment of renewable energy use. While investment in renewable
energies has been growing on average by 14 percent per year in developed countries, it has
been growing by 28 percent in developing countries. Although total global investment in
renewable energies declined in 2012-2013, global net investment in new renewable power
capacity surpassed that in fossil fuels. China has become the leader among the top investor
countries with an investment of US$ 54.2 billion (excluding R&D). Other countries include
the United States (US$ 33.9 billion), Japan (US$ 28.6 billion), the United Kingdom
(US$ 12.1 billion), Germany (US$ 9.9 billion), India (US$ 6 billion) and South Africa
(US$ 4.9 billion) (GSR, 2014).

However, some fuel-rich countries have not yet recognized investment in renewable
energy as an important measure for sustainable development. This is particularly true for
Iran, where conventional energy sources such as oil and natural gas are abundant.

Iran is an energy-rich country with huge hydrocarbon reserves as well as abundant
renewable energy sources. However, the country has not yet made major investments to
fully develop its renewable energy sources. Since Iran is an exporter of fossil fuels,
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development of renewable energies for domestic use will benefit the country by freeing
up even more crude oil and natural gas for export. The Iranian energy and industrial
sector can also benefit from the development of renewable energy, and national income
can increase by active exploitation of the vast potential of these resources. Neverthe-
less, new approaches and policies are required if Iran wants to make the best use of its
energy sources in a new path of sustainable economic development based on renewable
energy sources.

This chapter surveys Iran’s alternative energy resources. It reviews renewable energy
objectives, its potential and the organizations involved within the sector. It also discusses
current regulations and challenges confronting renewable energy development. The chapter
is organized as follows. Sections 2 and 3 present a general overview of support schemes
followed by three country case studies. Section 4 discusses the rationales and objectives
for renewable energy investment in Iran, its potential as well as challenges for renewable
energy in Iran and suggestions for improving current policies.

5.2 Support Instruments for Renewable Energies

In Section 2, we first discuss the necessity for government intervention in the renewable
energy market and then analyze different types of support mechanisms.

5.2.1 Why is government support needed?

There are three main reasons why government support is needed to invest in renewable
energy projects. First, investment in renewable energy projects requires high financial
costs up front, and returns on investment will take time. If consumers are unwilling to
make long-term investments, renewable energy projects will be under-invested. Consumers
may also encounter liquidity constraints, and therefore cannot adopt renewable energy
projects, particularly if there is no developed and effective financial market to overcome
the liquidity problem. Second, the new technologies are often associated with uncertainties
and, therefore, investors and users may rationally decide to delay their investments until
the technology matures. Furthermore, the rapid pace of technological change in renewable
energies makes the investment of early adopters more costly and riskier than those in fossil
fuels which have a long record and established technologies. Finally, there are several
positive external effects of increased renewable energy use that are not included in current
energy prices. Economic theory suggests that resources will be under-allocated when there
are positive externalities in production. Renewable energy resources generate electricity
and at the same time reduce emissions overall. If producers of renewable energies are unable
to fully capture the positive benefits of emission reduction due to the lack of a market for
some form of emission compensation, they will not invest in those projects. In other
words, in the case of positive externalities, such as emission reduction by renewable energy
production, social benefits exceed private benefits, and the market system cannot deliver
an optimally efficient outcome.
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Similar to the cases of other new technologies with economy-wide effects, renewable
energies rely on government support systems in the early stage of their development. New
technologies with general applications, such as steam, electricity, information and com-
munication technology and renewable energy technology have direct and indirect effects
on the economy. The direct effects emerge through the production process by firms and
the use of new products by households as they substitute new inputs or products for older
ones when the relative prices change. The indirect or spillover effects arise from the inter-
action between the new technology and other production inputs or consumer products.
For instance, the use of information and communication technology in a firm affects pro-
ductivity not only directly through computerization of the production process, such as
substituting high-speed computers for older machines, but also indirectly through effects
on the quality of labor and organizational changes.'® To encourage technological change
and to overcome the underinvestment problem, government can provide economic incen-
tives to both producers and consumers. This support is particularly important in the early
phases of technological change, when uncertainties and the inability to capture the positive
externality may cause delays in investment.

Iran can invest in alternative sources (particularly wind and solar energy) and allocate
oil and natural gas resources for export and, more importantly, also catch up with new re-
newable energy technology and know-how. Environmental protection is one of the main
reasons for an increased use of renewable energy sources. Burning fossil fuels will exacerbate
the poor environmental conditions as well as CO, emissions in large cities such as Tehran.
According to the WHO (2011), four out of the top ten polluted cities worldwide are in
Iran.'” Furthermore, Iran is one of the largest emitters of CO, in terms of total fossil-fuel
CO, emissions."® The increased use of renewable energy sources will decrease air pollution
in cities, thus improving the environment, public health and productivity.

Although Iran’s oil and natural gas resources are abundant, they will likely be exhausted
by about the time renewable energies become the main sources of energy. The increasing
trend of domestic demand for fossil fuel has led to an exhaustion of conventional energy
sources, and Iran may turn from an oil-exporting to an oil-importing country (see
Chapter 3).

Since Iran is also rich in renewable energy resources, it would be highly beneficial if
the country started investing in alternative energy technologies, particularly in education

16 The spread of general-purpose technologies in the economy follows a Schumpeterian logistic S shape form. At the infancy
stage, the use of technology is uncertain and costly. The term “destructive creation” applies to this stage of new technology
development as it creates new means of production and novel products by “destroying” old technologies and products. In
the second stage, when technology becomes cheaper and more widely available, the growth of new technology accelerates.
Finally, at the end of the development process, the new technology dies out as it is replaced by another newer technology.

17 WHO Database: http://apps.who.int/ghodata/

18 Carbon Dioxide Information Analysis Center: Top 20 Emitting Countries by Total Fossil-Fuel CO, Emissions for 2008,
http://cdiac.ornl.gov/trends/emis/tre_tp20.html
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and training. In fact, Iran can capitalize on its young population structure and high demand
for education to become one of the leading countries in the region in the area of renewable
energy technologies. This can help the economy significantly by creating new jobs and
maintaining the standard of living, especially in a case in which oil and gas could no longer
compete with the new energy resources or were no longer available.

The development of renewable energy sources would also enable Iran to produce and
distribute electricity in rural and remote areas, which would play an important role in
continuing to develop the infrastructure in these areas as well as increasing consumption
while protecting the environment. This is particularly important since the level of poverty
in areas with rich wind potential and solar radiation is rather high.

The two main categories of supporting instruments for electricity generation by renewable
energy sources — feed-in tariffs and quota/certificate systems — are presented in the fol-
lowing section.

5.2.2 Feed-In Tariff Systems

The use of a feed-in tariff (FIT) system has become a widely adopted policy in many

countries around the world to support the generation of electricity by renewable energy

sources. Although FIT policies vary from country to country, this type of policy generally
has two components: 1) it sets the purchase price for electricity generated by the renewable
sources, and 2) it ensures a purchase obligation by utilities (supply companies or grid
system operators). FIT programs differ in their level of tariffs and the duration of the subsidy.

The level of tariffs and the duration are usually set at the levels that provide economic

incentives to existing producers to switch to and new producers to invest in renewable

energies. Moreover, the payment mechanism has to be supplemented by adequate grid
connection conditions and a sufficient planning framework. There are several design
options for FIT supporting schemes, including the options below:

- Fixed FIT system versus fixed premium systems: A fixed FIT provides total payments
per kWh, whereas the fixed premium system only fixes a premium to be added to the
electricity price.

- Base calculations to fix the level of support: FIT can be calculated according to the
“avoided costs” of conventional power or it can be linked to the average price of
electricity to ensure competition between conventional and renewable technologies.

+ Technology-specific support: Differentiation between different technologies is com-
mon. Less mature technologies generally receive higher levels of support. The level of
support usually declines over time.

- Location-based FIT: The level of tariff and the duration of the program might differ
from one location to another based on their geographical conditions and the
availability of the sources.

- Time-based FIT: The time of renewable electricity generation (within a day, season,
or year) can be a factor in differentiating the subsidy.

- Frequency of adjusting the FIT: Tariffs can be fixed annually or for longer periods.

+ Duration of FIT: Payment periods may be guaranteed for a shorter or longer period.
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The FIT incidence: The costs of the system can be financed by final consumers and/or
by taxpayers.

- FIT coverage: FIT can be applied solely to new capacity installations and/or to the
existing capacity as well (Rio, Gual, 2007).

An FIT system sets up a legal framework for electricity market operation by providing clear
and transparent requirements for electricity generation by supported technologies. The
main advantage of an FIT is its flexible structure, which enables technology-specific sup-
port. In addition, FITs often enable investors to plan more effectively, since they can
decrease the investment risk involved. In principle, the level of the tariff for new plants
can be changed at any time or removed by repealing the law (Gan et al., 2007).

5.2.3 Quota System and Tradable Green Certificates

The primary objective of a quota-based system is to achieve a certain target for electricity
generated by renewable energy sources. In this system, policy-makers usually set a mini-
mum share for the renewable electricity generation of total electricity generation. This
support scheme consists of two parts: 1) Market participants are required to have a certain
share of their energy production or consumption coming from renewable sources. This is
called a quota obligation. 2) Renewable electricity producers receive “Green Certificates”
for the electricity they produce.

Market participants can meet their quota obligations by either increasing their installed
renewable capacity or by purchasing Green Certificates. These certificates can be traded
on a separate market, which can help market participants fulfill their renewable quota ob-
ligations. The general principle of the quota system is to encourage electricity producers
with the lowest marginal costs to increase their installation of renewable capacity, and
producers with higher marginal costs to purchase Green Certificates to meet their own
quota obligations. In theory, both the FIT and quota-based systems operate on this same
basic principle of cost minimization; however, experience shows that the two systems differ
in terms of efficiency and effectiveness (these differences will be discussed in Section 2.4).
In terms of the practical operation of quota systems, electricity from renewable sources is
ordinarily purchased on the power market and electricity producers receive revenues from
the sale. Furthermore, renewable electricity producers receive Green Certificates from the
State that can be sold in a separate market to provide extra revenue. This means that re-
newable electricity producers receive revenues from two sources: the sale of electricity and
Green Certificates. If a certificate market works effectively, the price will reflect the
difference between the market price of electricity and the generation costs of the new
renewable generating capacity. The value of a certificate represents the additional cost of
producing renewable electricity compared to conventional sources.

The renewable quota obligation should increase over time in order to stimulate invest-
ments in renewable power generation. Failure to comply with the quota obligation must
lead to a sufficiently large penalty. If there is lack of legal and financial consequences or the
severity of the penalty is not significant, market participants will not fulfill their obligations.

91



Renewable Energy Sources Sustainable Energy Strategy for Iran

The system is designed to promote investments in the lowest-cost renewable electricity
sources, and to introduce competition between different renewable energy technologies
without differentiation.

Daily price changes in the certificate market make quota obligations riskier for renewable
energy investors. Therefore, this support scheme is less suitable for immature technologies
and market establishment (Gan et al., 2007; Ragwitz, 2007).

5.2.4 Comparison of FIT and Quota Systems

FIT systems and quota systems have been widely used to support investment in renewable
energies. However, the question is which subsidy system - tariff or quota - better fosters
renewable energies at the lowest cost. Economic models suggest that a price-based system
will deliver a more efficient outcome than a quantity-based policy. However, the quota
support system was adopted by most EU countries in the early stages of renewable energy
policies. Nevertheless, electricity prices under the quota system were higher than the
prices under the FIT policy (Grotz and Fouquet, 2005). For instance, in 2003, customers
in countries with a quota system, such as the UK and Italy, paid an average of € 0.096 and
€ 0.13 per kWh respectively for wind power; this was significantly more than the € 0.064
in Greece or Spain, where FIT systems were in place. The newly installed capacity has also
been much higher in countries under the FIT system than those under the quota system.
For example, Spain and Germany, which adopted a FIT program, developed about 50 and
25 watts per capita, whereas the UK and Italy with quota programs generated 4 and
2.3 watts per capita, respectively, in 2004 (Grotz and Fouquet, 2005).

A study by the European Commission (2005) analyzed the subsidy schemes introduced
for different renewable technologies. It concluded that the most effective systems for wind
energy were the FIT systems in Germany, Spain and Denmark. In these cases, the
price-based systems were mainly responsible for the additional installed renewable energy
capacity. Additionally, it revealed that minimum price systems are especially beneficial to
small projects and small and medium-sized enterprises (SME). The minimum price
systems have also encouraged the development of local manufacturing industries. Despite
the implementation of a variety of quota system designs in various countries, none of these
countries have developed large independent industrial manufacturing sectors for re-
newable-energy equipment and parts.

Apart from the efficiency and effectiveness of support policies, a long-term and stable
policy environment is essential for the success of developing renewable energy markets. In
other words, the environment in which a country applies any given policy has a huge impact
on its success. For instance, a stable and supportive policy framework for renewable energy
has been put in place in Germany and other European countries alongside feed-in tariff
schemes; this step has contributed to the perceived success of the feed-in mechanism
(Biirer, Wiistenhagen, 2009).
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5.3 International Experiences in Renewable Energy Policies

All economic activities require energy, and any changes in the energy sector will affect
the entire economy. Therefore, renewable energy technologies can be categorized as
general-purpose technologies that will change all sectors of an economy. Similar to the
boom in information and communication technology (ICT) in the late 20th century, rene-
wable energy technologies will be at the forefront of technological change that will impact
production and consumption patterns as well as standards of living in the 21st century.
Governments that have realized the importance of this new trend in technological change
have already started to invest in renewable technologies, hoping to get a head start in the
next technological revolution. There are now a number of different support schemes for
developing renewable energy sources that have been employed in 138 countries across the
world, and at least 144 countries have renewable energy targets (GSR, 2014). Most
developed nations already have long-term plans and policies with specified targets and
deadlines for advancing renewable energy technologies. However, developing nations face
greater challenges than developed countries in changing their energy supply system.
Developing countries often lack the inputs and - more importantly - the institutions
required for a good supporting plan for technological change. Notwithstanding the overall
technological gap, there have been some attempts in the developing world to catch up with
the know-how of the developed world and to take advantage of vast and free renewable
resources available in developing countries such as solar radiation, wind, water, geothermal
sources and biomass. Table 5.1 shows a sample of subsidy systems in 20 developing
countries from different regions around the world. Most of these countries have employed
a feed-in tariff subsidy program to overcome key barriers to the development of renewable
energies, such as investment uncertainty and unfair competition with conventional fuel.
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Table 5.1. Targets and Supporting Programs of Renewable Energies in Developing Countries

Country Current Share of Target Supporting Measures
Electricity Generation [gp- o ¢ REinTotal |Year
Argentina | 38.9% final energy 8% 2016 Renewable energy targets, feed-in

tariff/premium, tendering, capital
subsidy/rebate, tax exemption,
regulations in sales, public loans
Brazil 85% Renewable energy targets, net
metering, heat mandate, tax
exemption, regulations in sales,

public loans
Grenada 1% 20% share in primary 12020 Renewable energy targets, net
energy metering, regulations in sales
St. Lucia 5% 2013 Renewable energy targets, net
15% 2015 metering
30% 2020
Dominican |14% 25% 2025 Renewable energy targets, feed-in
Republic tariff/premium, net metering,
tendering, heat obligation, capital
subsidy/rebate, tax exemption,
preferential loans
Chile 38% 20% 2025 Renewable energy targets, electric
(excl. hydropower utility quota obligation, net
plants >40 MW) metering, tendering, heat

obligation, capital subsidy/rebate,
reductions in sales, public loans
Mexico 15% 35% 2026 Renewable energy targets, net
metering, tendering, heat
obligation, tax exemption,
government fund, preferential
loans

Panama 61% final energy Feed-in tariff/premium, net
metering, tendering, tax
exemption, import tariff
exemption, production subsidies,
energy production payment
Peru 55% Feed-in tariff/premium, tendering,
reduction in sales, preferential
access to transmission and
distribution network

Egypt 9.2% 20% 2020 Renewable energy targets, net
metering, tendering, capital
subsidy/rebate, reduction in sales
Morocco 8.9% Renewable energy targets,
tendering, public loans
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Senegal 10% 15%
South Africa  2.6% 9%
Tunisia 1.2% 16%
40%
Indonesia | 12% 26%
Pakistan
Vietnam 5%
China 21% 9.5% share in
final energy

Blank cells indicate information is not available.
Source: GSR, 2014

2021

2030

2016

2030
2025

2020

2015

Renewable Energy Sources

Renewable energy targets, electric
utility quota obligation, heat
obligation, reduction in sales
Renewable energy targets, electric
utility quota obligation, net
metering, tendering, capital
subsidy/rebate, reduction in sales,
government funds

Renewable energy targets, net
metering, capital subsidies,
grants, rebates, tax incentives

Renewable energy targets, feed-in
tariff/premium, electric utility
quota obligation, tendering,
capital subsidy/rebate, reduction
in sales, tax incentives, govern-
ment funds

Renewable energy targets, feed-in
tariff/premium, net metering,
capital subsidy/rebate, reduction
in sales, government funds
Renewable energy targets, feed-in
tariff/premium, tradable REC,
capital subsidy/rebate, reduction
in sales, tax incentives

Renewable energy targets, feed-in
tariff/premium, electric utility
quota obligation, tendering, heat
obligation, capital subsidy/rebate,
reduction in sales, tax incentives,
energy production payment,
government funds

The following sections review three cases of renewable energy policies. Two cases are from

developing countries (India and Algeria), and one from a developed country (Germany).

These three cases provide sound learning experiences for countries, such as Iran, which

are far behind regarding renewable energy investments but are trying to catch up with

global developments.
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5.3.1 India
Renewable Energy Development in India
India is one of the leading developing countries in terms of energy and environmental
legislation. The first reforms to make the Indian energy sector more favorable to renewable
energies were undertaken in 2003 and 2006 with the Electricity Act and the National Tariff
Policy (Pew Center, 2008). These laws oblige the Central Electricity Regulatory Commission
(CERC) to supply a certain share of total electricity from renewable sources and to buy the
required amounts from suppliers. This Renewable Purchase Obligation was set at 5 percent
for the year 2010, and has been expected to grow by one percentage point a year (CERC,
2009). CERC is also responsible for setting the feed-in tariffs (Gipe, 2009). The organization
has specified that all renewable feed-in tariffs will be designed in the form of preferential
tariffs for the time span of debt repayment to provide for an appropriate internal rate of
return on the investments (ibid.). Tariffs are calculated before tax, and should grant a normal
return on equity of 19 percent for the first ten years, and 24 percent thereafter. Furthermore,
the discount rate on which the premiums are based is the average weighted costs of capital,
taking into account the life expectancy of each technology. For wind-generated power, the
feed-in tariffs also depend on the wind intensity at the respective sites (ibid.). Four bands
of wind power density have been designed in order to specify the capacity factors (ibid.):

200-250 W/m?: 20%

250-300 W/m?: 23%

300-400 W/m?: 27%

> 400 W/m?: 30%

Premiums are to be paid for 25 years for photovoltaic (PV) and concentrated solar power
(CSP) projects, 35 years for small-scale hydropower (< 3 MW) and 13 years for all other
technologies. Tariffs will be reviewed after three years, except for PV (after one year) (ibid.).

Recently, the Indian government has placed particular emphasis on solar power. In
2008, the government introduced its first National Action Plan on Climate Change (NAP-
CC), which outlined eight national missions in different core areas (Pew Center, 2008).
Among them is the Jawaharlal Nehru National Solar Mission, which was devised to run in
three phases until 2022. The aim is to position India as a global leader in the solar energy
domain and to set up the necessary political framework (MNRE, 2010). Table 5.2 displays
the target capacities for solar energy in India.
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Table 5.2.Target Capacities for Solar Energy in India

Application Segment |Phase | Phasell L EH
(2010-13) (2013-17) (2017-22)

Solar Collectors 7 million m? 15 million m? 20 million m2
0ff-Grid Solar 200 MW 1,000 MW 2,000 MW
On-Grid Solar 1,000-2,000 MW 4,000-10,000 MW 20,000 MW

Source: MNRE, 2010

In order to meet these targets, the government introduced a special Renewable Purchase
Obligation for power utilities, with a given share for solar electricity that will increase over
time from 0.25 percent in Phase I to 3 percent in Phase III, while the feed-in tariff for solar
power is scheduled to decline (MNRE, 2010). Tariffs have been set at Rs. 18.44 per kWh
for PV and Rs. 13.45 per kWh for CSP, and are guaranteed for 25 years (Appleyard, 2010).
Concerning the legal framework, sector-specific regulations for solar power are to be set
up in the long run. In the short run, however, in order to enable the rapid launch of the
National Solar Mission, existing legislation — notably the 2003 Electricity Act - will be
amended as required. Moreover, the mission document suggests the creation of a Renewable
Energy Certificate system so that utilities can trade their renewable surpluses and deficits.
Fiscal incentives are envisioned for specific capital equipment, critical materials, com-
ponents and project imports. Furthermore, the government intends to promote domestic
manufacturing capacities, R&D investment and pilot projects (MNRE, 2010).

The development of wind energy in India began in the 1990s, after the announcement
of the private power policy, and has significantly increased since then. India’s wind power
potential has been assessed to be 45,000 MW. The first wind farms were installed in the
coastal areas of Tamilnadu, Gujarat, Maharasta and Orrisa, but projects have since been
expanded to more than nine states of India. The growth of wind power in India is shown
in Figure 5.1.
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Figure 5.1. Growth of Wind Power in India
Source: GWEC, 2013
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In 2012, India ranked fifth in the world in installed wind power capacity with a total
capacity of 18,421 MW (Figure 5.2).
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Figure 5.2. Position of the Indian Wind Energy Sector
Source: GWEC, 2013

While India had to depend on imported turbines in the 1990s, local manufacturing capacity
has improved remarkably over the last 15 years. For example, Suzlon Energy is one Indian-
owned wind turbine manufacturer; it has become one of the leading wind turbine
producers worldwide, with manufacturing sites in China, Germany and Belgium as well as
in India itself.

Renewable Energy Investment Incentives

As the criterion of success for any feed-in tariff system is whether or not investors consi-
der it profitable, Purohit and Purohit (2010) evaluate if investments in CSP generation
plants are financially attractive in India. Using solar radiation data provided by the Indian
Meteorological Department for 50 representative sites in India, they evaluated the financial
feasibility for two types of CSP plants modeled on two existing generation units in Spain -
the 50 MW ANDASOL-1 parabolic trough plant and the 11 MW PS-10 power tower. The
calculations show that similar plants would generate electricity at costs ranging between
Rs. 9.23 and 28.42 per kWh for ANDASOL-1 and between Rs. 8.75 and 27.04 per kWh for
PS-10 at the selected 50 different sites. Assuming a feed-in tariff between Rs. 10 and 13 per
kWh, investors would able to find profitable locations for CSP plants. Expected cost
reductions between 20 and 30 percent for parabolic trough systems, and between 15 and
30 percent for power towers, would make even more locations worthy for investment by
2020. The same effect is achieved by accounting for possible CDM benefits. Calculating
with a baseline of 800 to 850 g of CO, emissions per kWh, and a CER (Certified Emission
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Reduction) price of € 15, electricity costs are reduced to Rs. 8.56-27.64 per kWh for the
ANDASOL-1 model, and to Rs. 7.97-26.26 per kWh for PS-10 type plants. Hence, there is
substantial potential for financially attractive investment in CSP in India, especially con-
sidering that with Rs. 13.45 per kWh, current feed-in tariffs for CSP are even higher than
assumed in the case study.

Financial Management of Renewable Energy Policies

However, it is not enough for the remuneration scheme to be attractive for investors; it
also has to be financially feasible for the state budget. The Indian tariff system is based on
some general considerations of the Ministry of New and Renewable Energy. The aim of
the Solar Mission is to bring down the costs of solar technologies through economies of
scale. Current electricity prices for coal generation, which accounts for more than half the
electricity produced in India, are close to Rs. 7 per kWh for base load, and Rs. 8.50 for
peak load, with the cost of diesel-generated electricity used in times of shortages at Rs. 15.
The cost of coal-generated electricity is expected to rise as India starts importing coal, and
the ministry assumes cost parity with solar-generated electricity to occur in 2022. These
considerations show that the government expects to be able to provide investors with prof-
itable tariffs without imposing an additional burden on its economy.

According to the Ministry of New and Renewable Energy, the National Solar Mission
has been designed to take into account financial constraints from the outset. Funding is to
be provided by two sources: the national budget and international funds under the United
Nations Framework Convention on Climate Change (UNFCCC). The government is
already working on a scheme intended to facilitate quick investments while limiting costs
for the government. The National Mission has scheduled five evaluations of the Solar Mission
by 2022, notably to protect the government from having to subsidize its solar plan. Thus,
specific financing needs for Phase II of the plan were, for instance, to be devised in 2012.
Feed-in tariffs for solar power have been designed to be reviewed annually according to
current costs and technology trends. Furthermore, one possibility to mitigate financing
pressures for the utilities (which are obliged to purchase renewable electricity) is to bundle
solar power with unallocated electricity from less expensive plants and to sell this mix to
utilities at the standard price set by the regulating agency (MNRE, 2010).

In sum, close market monitoring, regular evaluations and quick adjustments of the
tariff policy can ensure that the financial burden of a remuneration scheme is consistent
with the budget limit.

5.3.2 Algeria

Algeria is one country from the broader Middle Eastern region that has already intro-
duced a feed-in tariff for electricity generated from renewable sources. The following
sections describe and assess the Algerian legislative framework, based on project results
by Wuppertal Institute/Adelphi Consult (2009) and Wuppertal Institute/ CREAD (2010).
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Description of the Algerian Incentive Scheme for Renewable Energies

In Algeria, legislation supporting renewable energy sources dates back to 2002, with the
Law on Electricity and on Gas Distribution via Pipelines (Law No. 02-01). This law estab-
lished the grounds for comprehensive liberalization reforms of the Algerian electricity
sector and laid out a national program for the promotion of renewable energies. Thus,
among other innovations, the law stipulates that anyone is allowed to construct power
generation units. However, the newly established regulatory commission CREG (Commis-
sion de Régulation de I'Electricité et du Gaz) needs to approve any new installation that
feeds electricity into the national grid and exceeds a capacity of 25 MW. Similarly, CREG
is responsible for granting concessions for the transmission of electricity via the national
grid, which remains a monopoly even under the new law. The law further envisages the
creation of a system operator for electricity distribution and of a market regulator for the
electricity market, but these have yet to be introduced.

Further progress in the promotion of renewable energies was made in 2004 with Decree
No. 04-92, which set up the first precisely defined feed-in tariff system for renewable elec-
tricity in Africa. The scheme details the size of the premium to be paid for each type of re-
newable energy in addition to the standard market price. It includes special rates for hybrid
plants (gas and solar), with the premium depending on the share of solar in total electricity
generation.

The bonuses provided are:

Wind electricity 300%

Solar electricity (PV or CSP) 300%

CSP with gas co-firing:

- Solar contribution of 20-25% 180%

Solar contribution of 15-20%  160%
Solar contribution of 10-15%  140%
Solar contribution of 5-10%  100%

- Solar contribution of 0-5% 0%
Hydroelectricity 100%
Cogeneration plants 160%
Waste incineration plants 200%

Electricity prices are heavily subsidized in Algeria; hence, the devised remuneration scheme
is not profitable for investors. On a case-by-case basis, some investors have negotiated
special remuneration tariffs for individual investment projects. This has allowed for the
completion of a few renewable energy ventures, with the biggest one being a hybrid plant
(solar energy supplementing a gas-fired combined cycle process) at Hassi R'mel, which
was constructed by the NEAL consortium, a semi-public joint venture.

Further development was made by new renewable energy legislation in 2004: the Law
on the Promotion of Renewable Energies in the Context of Sustainable Development (Law
No. 04-09). This law introduced the National Program for the Promotion of Renewable
Energy, with elements such as public awareness campaigns and regular assessments of the
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beneficial effects of renewable energies. It also stipulated the introduction of a renewable
certificate system, and the creation of a monitoring body (the Observatoire national de
promotion des énergies renouvelables); these aspects have not yet been implemented.

Evaluation of the Algerian Incentive Scheme for Renewable Energies

In Algeria, one notices a disparity between the success of public renewable energy programs

and the creation of incentives for private investment. While programs for the installation

of solar water heaters in households and for rural and desert electrification have yielded
considerable successes, the above-mentioned frameworks intended to incentivize private
ventures have proven to be flawed.

Shortcoming of the laws and decrees are:

+  New power plants for feed-in into the national grid that are bigger than 25 MW need to
be approved by CREG.

- Electricity producers are entitled to sell either their whole production or only surpluses
to Sonelgaz, the national utility. Due to its monopolistic position, Sonelgaz has the
advantage in all negotiations.

« The subsidized electricity base price is so low that the premiums paid for renewable
energies are ineffective. A realistic profitable fixed tariff (per kWh) would grant more
security than the premium scheme.

- The system operator for electricity distribution and the market regulator for the electri-
city market envisaged by the 2002 law as well as the Observatoire national de promotion
des énergies renouvelables and the certificate system stipulated by the 2004 law have
not yet been introduced. This means that the legal framework of the electricity market
is not complete.

Overall, the current Algerian framework for renewable energies lacks financial and legal

security for investors.

5.3.3 Lessons Learned from the Experiences in India and Algeria

The Indian feed-in tariff system provides security for investors because it guarantees a fixed
price per kWh and obliges retailers to buy solar-generated electricity. An especially con-
venient aspect for investors is the fact that price calculations in India are based on the real
cost of investments and include a profit margin. The differentiation according to tech-
nologies, and even according to wind intensity, testifies to the thoroughness with which
the scheme has been elaborated. Regular revision of tariffs ensures their appropriateness,
and safeguards the state from excessive expenditure.

The techno-economic assessment by Purohit and Purohit (2010) shows how a country
can determine financially attractive yet feasible feed-in tariffs. The rigorous methodology
and investor-based approach of the case study lend themselves to similar calculations for
different locations in Iran. In this context, it is important to have reliable, detailed potential
data covering all climatic regions of the country, and to know specific investment costs
such as the discount rate. In this way, it could be possible to design feed-in tariffs that are
adjusted to local conditions in different countries.
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The example of Algeria shows that it is of utmost importance to create financial incentives
and legal security for investors. Therefore, first, feed-in tariffs have to be high enough to
make investments attractive. Hence, actual investment and generation costs need to be
considered when fixing premiums or feed-in tariffs. Specifying a time span for which the
remuneration scheme is guaranteed creates additional security. Second, the purchase obli-
gation for established electricity providers needs to be very clear and valid for the whole
amount of renewable energies produced. This includes the duty to provide sufficient grid
capacity for the integration of additional electricity from renewable sources.

5.3.4 Germany

Germany has dramatically increased the amount of renewable energy in its supply mix
though ambitious policies since 1990. Biomass, wind and PV sources have been particu-
larly successful fields in Germany. Germany has also stated a goal of reaching a generation
share of electricity from renewables of at least 80 percent by 2050, and renewable energy
sources should cover at least 60 percent of the primary energy production by 2050. In
2013, about 25.3 percent of electricity generation in Germany came from renewables.

The Federal Feed-In Law

The first German Act on Renewable Electricity Feed-In (StromEinspG, BGBL I, p. 2633)
was adopted in December 1990. This Act ensured grid access for electricity generated
from renewable energy sources, and obliged utilities operating the public grid to pay pre-
mium prices (feed-in tariffs) for the electricity supplied from these renewable energy power
plants. The feed-in tariffs were calculated annually as a certain percentage of the average
electricity price for every year.

Wind power plants and solar power plants received the highest remuneration, with
90 percent of mean specific revenues; next, hydropower, biomass and biogas power plants
that were smaller than 500 kW received 75 percent (remuneration rose to 80 percent some
years later). Hydropower, biomass and biogas power plants larger than 500 kW, but smaller
than 5 MW, received 65 percent of mean specific revenues. The law did not cover plants
larger than 5 MW. No public budget funds were involved in the policy, as the burden
imposed by the law was exclusively borne by electricity suppliers who had to pay for the
feed-in price. The premium prices, also referred to as tariffs, decreased after 1996. This
was due to a general fall in the price of electricity as a result of the liberalization of power
markets. The duration of the remuneration for an individual plant was not fixed; however,
the constitutional protection of legitimate expectations provided some certainty to renew-
able energy generators.

The law was amended in 1998. A “double cap” was introduced, limiting the amount of
renewable energy electricity that had to be remunerated according to the law. Regional
electricity suppliers only had to purchase a maximum share of 5 percent of renewable
energy electricity of their total electricity supply. The same cap applied to upstream suppliers,
leading to a total cap of 10 percent. This way, the total burden of the law was limited to
individual utilities and their customers. The 10 percent threshold was almost reached in
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certain areas of northern Germany in 2000, which would have created a barrier for the
further deployment of wind power technology. The law was considered to be the driving
force behind the rapid expansion of wind power technology in Germany. The Renewable
Energy Sources Act (Erneuerbare-Energien-Gesetz, EEG), based on the same general
principles (but without the cap and the recalibrated feed-in tariffs), replaced the Electricity
Feed-In Law in 2000 (IEA Country Homepage).

The German Renewable Energy Sources Act (EEG)

The Renewable Energy Sources Act (EEG, BGBI. I p.305) came into effect in 2000 and has
been adapted by many countries around the world. It has been amended on a regular basis
with amendments passed in 2004, 2009, 2012 and 2014. This triggered a large boom in re-
newable electricity production (compare Figure 5.3).
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Figure 5.3. Development of Renewables-Based Electricity Generation in Germany (1990-2012),
Including the Amendments of the German Feed-In Law
Source: BMWi, 2015

The grid operators were obliged to provide grid access to renewable energy plants and to
purchase the electricity at premium prices. The EEG covers the whole range of renewable
energies and sets bonuses of different amounts according to market maturity and other
aspects of the technologies employed. The tariffs are set for each individual technology,
based on its actual generation cost. The EEG lays down fixed tariffs generated from hydro-
power, landfill gas, sewage treatment and mine gas, biomass, geothermal, wind and solar
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sources. The minimum payments (dependent on energy source) vary depending on the
size of the installation. For an individual plant, the remuneration level stays fixed over
20 years. The remuneration for an individual plant is not adjusted for the inflation rate,
which means a decrease in remuneration in real terms. From 2002 on, the remuneration
paid for newly commissioned plants has been reduced annually to provide stronger incen-
tives for cost reductions. This factor was 5 percent for photovoltaic installations and
1.5 percent for wind power plants. The Act also stipulates obligations concerning the costs
of grid connection and reinforcement. Plant operators have to pay for the grid connection,
but the grid operator has to bear the cost of grid reinforcement if necessary. No govern-
mental budgets are involved in the program and the Act requires all electricity suppliers to
have the same share of electricity from renewable energy in their fuel mix. Every two years,
the parliament re-evaluates the Act on the basis of a report that is prepared by the Federal
Ministry for Economic Affairs and Energy, in close consultation with the Federal Environ-
ment Ministry and the Federal Agriculture Ministry.

The Act was amended for the first time in 2004, but maintained its general principles.
It aimed to further develop renewable technologies for the generation of electricity, thus
contributing to a reduction in costs. To this end, it defined a target to increase the share of
renewable energies in the total electricity supply to at least 12.5 percent by 2010 and to at
least 20 percent by 2020 in line with EU Directive 2001/77/EC. For 2005, fees under the
new EEG ranged from € 0.0539 per kWh for electricity from wind energy (basic payment)
and € 0.0665 per kWh for electricity from hydropower to € 0.5953 per kWh for solar elec-
tricity from small facade systems. Compared to the EEG from 2000, the amendment pro-
vided a more varied tariff structure, taking into account aspects of efficiency.

To improve transparency, the first amendment of the EEG required grid operators to
publish energy volumes and payment figures. The German Renewable Energy Sources Act
was next amended in 2009. This amendment stipulated a higher feed-in tariff for wind
energy, and other measures to stimulate the development of both onshore and offshore
wind power. The amendment was meant to reflect the increasing costs faced by wind tur-
bine manufacturers, largely due to increases in the costs of raw materials such as steel and
copper (IEA Country Homepage). The next amendment of the German Renewable Energy
Sources Act was signed on July 1, 2010. It significantly reduced the feed-in tariffs for solar
power generated by installations on buildings and in open spaces (Figure 5.4), because
prices had dropped by around 30 percent (BMU, 2010).

In 2012, the feed-in tariffs were comprehensively revised. The feed-in tariffs for PV in
particular were again reduced in order to correspond to the decreasing market prices for
solar panels.
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Figure 5.4. Development of the German Feed-In Tariff (FIT) for Small Rooftop Systems (<10 KW)
Source: IEA, 2014

Furthermore, an additional opportunity for selling directly on the market was introduced

(m

arket premium model). Instead of receiving a feed-in tariff, a renewable plant operator

could sell its electricity on the commodities market and receive the market price and a
market premium from the grid operator. Generally, plant operators could choose between
the feed-in tariff or the new market premium system.

In 2014, the latest amendments of EEG were introduced. The law included several new elements:
The feed-in tariffs were decreased again, especially for solar, biomass and wind technologies.
Feed-in tariffs are to be gradually abolished. For newly commissioned renewable elec-
tricity power plants, a mandatory direct-to-market system and market premiums will
be obligatory from 2017. The market premium consists of a difference between the fixed
statutory tariff of the renewable energy plant and the monthly average electricity price
in the spot market. Small installations (below 100 kW) will continue to benefit from
feed-in tariffs and are not obliged to sell on the market.

The amendment introduced expansion corridors for all energy carriers with “breathing
caps” (“atmender Deckel”) for the support of renewable power plants under the EEG.
For example, for onshore wind technology the yearly expansion corridor is defined as
2400-2600 MW. If more wind turbines are installed, then support will decrease for the
technology (“breathing cap®). The aim of the expansion corridors is to reduce the over-
all average cost of subsidies for all technologies.

From 2017 on, auctions should determine the financial support of renewables.

Power generated by a plant operator but consumed by the plant itself will be seen as
contributing to the costs for grid expansion.

The most recent EEG amendments received a great deal of criticism from experts,

renewable industry representatives and professional associations.

The long-term target of the German government is to reach a 40 to 45 percent share of

electricity production through renewable energy sources by 2025 as well as to integrate
renewable energy into the market (GTAI, 2014).
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Development of the German Wind Energy Industry under the EEG

At the end of 2012, about 23,030 wind turbines had been commissioned in Germany, with
a total capacity of 31,307 MW (Figure 5.5). These turbines generated around 46 TWh elec-
tricity (7.5 percent of net electricity consumption of Germany). At the end of 2012, 280.3
MW of offshore wind capacity was connected to the German grid. As onshore wind power
is close to full capacity in Germany, the replacement of old and small installations by more
modern and powerful ones (repowering) and the development of suitable offshore wind
parks are seen as further ways of market development. In 2012, 252 wind generators were
dismantled with a total capacity of 179 MW (Deutsche WindGuard, 2013). In 2012, the
total turnover of the wind energy sector in Germany amounted to € 6.3 billion - equivalent
to approximately 11 percent of global turnover. Moreover, some 117,900 people were
directly employed in the wind energy sector in 2012.
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Figure 5.5. Total Installed Wind Power Capacity in Germany (2001-2012) (MW)
Source: BSW, 2014

The research, development and promotional measures of the German government and the
favorable funding opportunities have further accelerated wind technology deployment
since the 1990s. There is a very strong correlation between the adoption of the major in-
centives laid down in the EEG and the development of the German wind energy market.
The producers of electricity from wind energy receive feed-in tariffs, which are defined
in the EEG. These feed-in tariffs offer planning security for manufacturers, service pro-
viders and wind energy investors. The initial tariff for new onshore wind turbines was
€ 0.092 per kWh as of January 1, 2009. This amount is decreased every year by 1 percent
for newly commissioned wind turbines in order to take into account technical development.
The “initial tariff” is fixed for at least five years and up to 20 years for wind energy, de-
pending on the wind turbine location. Over time, the initial tariff is reduced to a “basic
tariff” depending on how local wind conditions compare to the “reference yield”. Wind
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turbines at very good sites (with a reference yield of 150 percent) receive an initial tariff,
e.g. for five years, while this period can be extended for turbines in less favorable sites.
The tariffs are paid for 20 years.

If onshore wind turbines replace old ones, the initial feed-in tariff is increased by
€0.005 per kWh. The new turbines must be located in the same or a neighboring adminis-
trative district; the new capacity must achieve at least double the old capacity; and the
replaced turbines must be at least ten years old. The tariff of offshore turbines will be set at
€ 0.15 per kWh by the end of 2015, with a yearly decrease of 5 percent (dena, 2009).

The most recent amendment of the EEG introduced specific statutory tariffs for all re-
newable electricity sources to be reached by granting a market premium on top of the
market electricity price. For onshore wind plants, the EEG defines an initial tariff rate of
€ 0.089 per kWh for a period of at least five years. For offshore wind plants € 0.154 per
kWh is offered for the first 12 years. Alternatively, offshore wind power plant operators
can choose an “acceleration model” and receive a fixed rate of € 0.194 per kWh for the first
eight years. Depending on the site, these time frames can be extended by the presence of
special conditions (such as deep water or a long distance from the coast). Afterwards, the
tariffs are decreased by a fixed yearly degression rate (GTAIL 2014).

The EEG is the core instrument of Germany’s renewables strategy, but it is not the only
instrument to foster renewable energies and electricity from renewable energies. Another
continuously important regulation for the success of wind energy development is the
Federal Building Code (§ 35, para. 1, No. 5 BauGB). Under this law, wind energy plants
are listed as “privileged projects”. Local authorities are in this respect asked to designate
specific priority zones for wind energy utilization. Additionally, a bonus for improved grid
compatibility was introduced for new wind turbines. This provides an additional € 0.005
cent per KkWh on top of the initial remuneration.

Solar Energy Development in Germany under the EEG

By the end of 2013, a total of 1.4 million PV systems had been installed in Germany, with a
total output of 35,700 MWp. Annual power generation through PV systems has grown to
29,700 GWh (BSW, 2014). There is a clear correlation between the creation of the political
framework and the boom of the German PV industry, as is displayed in Figure 5.6. Since
the introduction of the EEG in 2000, and particularly since its amendment in 2004, the
photovoltaic industry has grown dramatically. Since 2013, the number of newly installed
PV systems have fallen rapidly due to a decrease of the feed-in tariffs and more restrictive
governmental policies.
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Figure 5.6. Newly Installed Capacities in the German PV Sector
Source: BSW, 2014

The solar energy industry has benefited from the EEG as well. Both private and institutional
investors in photovoltaic systems have received generous guaranteed remuneration for
solar electricity fed into the grid. The tariff has been calculated so as to make investment
in PV systems economically attractive. The earlier versions of the EEG also provided plan-
ning security for investors both in PV systems and in PV companies that operate based on
the assumption of continuous growth in the PV market.

Similar to wind power, the feed-in law requires grid operators to pay producers of
solar electricity a fixed remuneration for solar generated electricity that is fed into the
utility grid, depending on the size of the system and the kind of installation. These tariffs
vary in order to account for the different costs of rooftop or ground-mounted systems
and in accordance with the size of the system. The EEG guarantees PV operators a feed-
in tariff for 20 years and a purchase guarantee for the electricity produced, which makes
investing in a solar electricity system an attractive investment for 20 years. The invest-
ment security was one reason for the enormous increase in the number of jobs in this
sector until 2010 (dena, 2009). Since 2010, employment in the solar sector has declined
steadily due to an increase of international market competition and more restrictive
governmental policies.

The 2009 amendment of the EEG decreased the feed-in tariffs for solar PV for all capacity
sizes. For roof-mounted facilities, these were € 0.4301 per kWh up to 30 kW, € 0.4091 from
30 to 100 kW, € 0.3958 from 100 kW to 1 MW, and € 0.33 over 1 MW. For free-standing
facilities, the tariff decreased to € 0.3194 per kWh. The 2010 amendment removed bonuses
for building integrated facilities, but a new tariff of € 0.2501 per kWh was introduced for
systems up to 30 kW if the electricity produced was used within the building or facility.
This amendment of the EEG also decreased the feed-in tariffs for solar power generated by
installations on buildings and in open spaces. The sharp market price decline by 30 percent
made an additional tariff reduction on top of the original degression rate necessary. The
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feed-in tariff was reduced by 11 percent for new solar farms on land converted from other
uses (conversion areas) and by 16 percent for new roof installations.

The 2014 amendment further decreased the solar feed-in tariffs and introduced man-
datory direct-to-market pricing. Furthermore, all new installations will be charged for the
electricity that operators produce and consume themselves; this is done in order to support
the development of the electricity grid. PV development was (in addition to subsidies
according to the EEG) also supported by the “100,000 Roofs” program, which made
low-interest loans available for small-scale investors (BMU, 2009).

Macroeconomic Effects of the EEG

German PV and wind turbine manufacturers are among the leading players in the inter-
national renewable energy markets. Research and development are other fields in which
German companies and institutes have gained a major position in international competition.
Exports on global markets are increasing steadily, and today German companies are
making a large share of their revenue internationally. This also means that German industry
has required more workers, as non-German - international — market development creates
jobs in Germany.

The renewable energy industry indeed created many jobs in the last decade. This is true
for all types of renewables (Figure 5.7); however, the number of jobs has been decreasing
in recent years. This is mainly due to the increased production in other (developing) coun-
tries. Nevertheless, German manufacturing companies with high R&D capacities are still
strong players nationally and internationally. The major job engines have been the wind
power, the biomass and the solar energy industry (BMU, 2013).
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Figure 5.7. Job Growth of the German Renewable Energy Industry
Source: BMU, 2013
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5.4 Renewable Energiesinlran

Investment in renewable energies in an energy-rich country may not sound like an optimal

economic decision, as the country can capitalize on its vast conventional energy resources

to develop the economy. In addition, renewable energy technologies are still in their infancy,
and therefore in some cases they are expensive and unaffordable in developing countries.

Notwithstanding the facts above, developing countries, including energy-rich countries,

will likely benefit from investing in renewable technologies. The rationales for investing in

renewable energy programs can be summarized as follows:

- Demand for energy in Iran as a developing country is rapidly rising. The energy scenario
study in Chapter 3 shows that under the BAU scenario, the total demand for energy in Iran
will almost double by 2030. The increasing trend of domestic demand for fossil fuel would
also lead to an exhaustion of conventional energy sources, particularly oil, in a few decades,
changing Iran from an oil-exporting to an oil-importing country. Therefore, although
energy security may not be an urgent problem for Iran, it will soon be an issue of importance.

+ There is a long-term economic benefit in investing in renewable energy projects in
Iran. Table 5.3 compares the input costs of conventional power plants versus renewable
energy power plants. The main benefit arises from the fact that cost-free inputs such as
solar radiation or wind will substitute oil and natural gas, whose world market prices
are positive. Power plants using renewable energies will require higher capital costs, but
are less labor intensive than those using conventional oil or natural gas. The cost of
capital will also decline as the technology is rapidly improving. Therefore, in sum, it is
beneficial to construct new power plants based on renewable energy and to use the
savings for investment in R&D for renewable energy technologies.

Table 5.3. Cost Structure in Conventional Versus Renewable Energy Power Plants

Power Plant Type Inputs
Conventional + +
Renewable Energy + +

“+"sign shows relatively higher intensity

« The application of renewable energy will decrease emissions significantly. This is partic-
ularly important for Iran, as the country is rapidly approaching an industrialization
phase with increasing demand for energy and rising water and air pollution. As Chapter 3
shows, the level of CO, emissions and other pollutants in the BAU scenario will double
in Iran by 2030, but it increases only slightly in the Efficiency scenario and even
decreases in the Combined scenario. Reducing emissions will decrease direct costs on
measures to reduce pollution and to protect the environment as well as decreasing in-
direct external costs such as healthcare costs.

- Renewable energy technologies are diverse, but growing fast. Scientific research on the
topic is at the forefront of research agendas in universities and research institutes across
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developed nations. The outcome of such research will help bring down the cost of capital
and equipment and increase efficiency, particularly in wind and solar energy technologies.
Several developing countries, including Iran, have already started producing some
parts for wind energy equipment, such as blades and gear boxes, but producing parts
more efficiently and, more importantly, producing engines or solar cells are critical -
this requires highly skilled labor. Countries like China and India have already success-
fully built up their own industries for wind energy turbines and photovoltaics (in the
case of China) and have become major players in the market. Investing in renewable
energies will encourage investment in human capital and new technologies. This is par-
ticularly important for Iran, as the country has a relatively young population structure
with a high demand for higher education, and a large supply of labor.

5.4.1 Development Objectives for Renewable Energies
Iran intends to acquire technologies pertaining the production of renewable energy re-
sources in order to align itself with sustainable development objectives. Studies revealed
that, with the development of renewable energy resources, the country would be able to
generate as much as 2,000 MW electricity by the end of the Fifth Five-Year Development
Plan (2010-2015). According to the objectives set forth in the 20-Year Vision, Iran should
become a regional power in terms of the production and use of renewable energy resources
by 2025. The objectives envisaged in the plan are as follows:

Electricity generated from renewable energy sources will account for 10 percent of the

total electricity generated in the country

Energy security through diversified energy resources in the energy basket

Environmental conservation through reduced ecological pollution

Improved policy-making strategies in renewable energy resources

Financial support for research and development to increase technical knowledge and to

improve the competitiveness of renewable energy sources vis-a-vis other sources of energy.

5.4.2 Renewable Energy Potentials
The share of renewable energy in producing electricity is currently about 3 percent, but
has the potential to increase to 38 percent by 2030. The share could even go higher - to
57 percent - if energy is used more efficiently in all sectors; this would reduce the overall
demand for electricity. Iran’s Renewable Energy Headquarters has issued a report pro-
posing the following targets for using renewable energy sources:

Wind: 6,500 MW

Hydropower: 90 MW in 15 years

Solar and PV: 5 MW in independent power generation plants and 30 MW in power

generation plants connected to the grid

Solar water heaters: 10,000 units

Electricity generation: more than 2 MW PV

Biomass: 137 MBOE

Geothermal: 200 MW in ten years
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Nuclear plants are expected to generate the base load with a 1,000 MW capacity, and thermal
plants along with renewable sources will fulfill the remainder of the electricity demand.
According to a plan by the Ministry of Energy, the new thermal plants are to be combined
cycle, and the main renewable sources to be hydropower and wind power plants. Installed
hydropower capacity will be more than 7,000 MW capacity in 2011 and 8,500 MW by
2030. Wind power capacity will increase from 37 MW in 2005 to 1,187 MW in 2030. Small
hydropower, solar thermal, geothermal and biomass plants will generate 720 MW, 1 MW,
55 MW and 5 MW, respectively. The first generator for a pump storage plant in Siah Bisheh
was commissioned in 2013; when the project is completed, it will have a power generation
capacity of 1,000 MW.

Wind Power

As detailed in Chapter 4, estimates of wind power potentials in Iran range from the World
Bank’s estimate of 6,500 MW to SUNA’s estimate of 12,000-16,000 MW (CEERS et al.,
2006). With regard to the wide range of wind power potential estimates in different studies,
we use an estimate closer to international studies and assume that wind power has the
potential to generate 22 TWh/year of electricity by 2030.
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Figure 5.8. Wind Map Iran
Source: Renewable Energy Organization of Iran (SUNA),
http://www.suna.org.ir/suna_content/media/image/2013/04/1991_orig.jpg?t=635034305946706250

Figure 5.8 provides an overview of Iranian wind energy potential. The first industrial
application of wind power in Iran occurred in 1995. Two wind turbines with a capacity of
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500 kW were purchased and installed in the province of Gilan. Currently, Iran has five
wind farms with a total capacity of 128 MW. The wind farms are located in two provinces:
Gilan (in the north) and Khorasan (in the northeast). The province Gilan is located in the
north of Iran and is south of the Caspian Sea. There are two additional areas certified as
having sufficient potential for wind power use: Manjil and Rudbar. Those areas are located
in the “Manjil wind channel,” which has an average annual wind speed of 7 to 11 m/sec. In
Manjil, a wind farm with a total capacity of 101.68 MW has already been commissioned.
Another potential area for using wind power is in the Binalood mountain range near the
city of Naishabur. A wind farm with a total capacity of 28 MW is already in operation in
this area as well. The first wind farms in Iran were erected in cooperation with foreign
companies. In this way, Iran has gained knowledge on how to design wind farms, including
site selection, layout of the turbines, mechanical and electrical design and independent
installation of wind turbines.

Saba Niroo was established as the first and only manufacturer of wind turbines in Iran -
and in the entire Middle East — in 2000. It operates under the license and supervision of
Vestas Wind Systems, a Danish firm. The Iranian manufacturer produces turbines with a
capacity of 300-660 kW. Since the introduction of the Iranian feed-in tariff system, private
investment has become more attractive in the wind energy sector. The government has al-
ready issued licenses for 20 wind farms, with a total capacity of 712 MW, owned by private
investors. These investors are facing problems in purchasing wind turbines with higher
capacity, as Saba Niroo is unable to provide turbines with a capacity of more than 660 kW
(Rasuli Hamed, 2010).

Biomass

Various estimates regarding biomass energy sources in Iran exist, but without a rigorous study,
it is hard to rely on them. The scenario studies in Chapters 3 and 4 estimate 0.018 TWh/year
of electricity generation by biomass in 2030.

Geothermal
Although geothermal primary energy sources are relatively well investigated in Iran, there
is still a lack of knowledge on their economic and technical potential. However, since geo-
thermal “hot spots” are far from inhabited areas, heat cannot be used. Therefore it is likely
that the only option remaining for utilization of geothermal energy is electricity generation.
Talebi (2004) from SUNA estimates the nationwide geothermal electricity potential to
be in the range of 5,000 to 6,000 MW,. As geothermal energy can be used for base load
electricity on a 24/7 basis, full load hours (FLH) are high. Assuming 7,500 FLH, about
37-45 TWh electricity could be produced per year. As mentioned in Chapter 4, it is expected
that by 2030, geothermal sources will be able to produce 5.25 TWh/year of electricity.

Solar Irradiance
Solar irradiance is very high in Iran and about 2,800 hours per year are sunny enough to
be utilized (Atabi, 2004). While the DLR (2005) has found a direct normal irradiance of
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2,200 kWh/m?/year, Samimi (1994)’s country-wide analysis of irradiance concluded that,
on 80 percent of Iran’s territory, solar irradiation would be between 1,640 and 1,970 kWh/
m?/year. Geyer (2007) presented a maximum direct normal insolation in Shiraz of about
2580 kWh/m?/year. According to the IPDC (2001), solar insolation in Yazd is in the region
of 2,500 kWh/m?/year. Based on the assumptions on the capacity installation rate and the
full load hours in the scenario analysis, for our scenario calculation it is estimated that
94 TWh/year electricity will be produced by CSP and 0.007 TWh/year by photovoltaic
generation.

Hydropower

Hydropower produces less than 12 TWh/year of electricity and therefore its contribution
to energy production is not significant in Iran. However, there are plans to increase hydro-
power’s share in the electricity mix. The World Energy Council (WEC) and the DLR
estimate Iran’s hydropower potential to be 48 TWh/year (DLR, 2005; WEC, 2001), and the
scenario analysis estimates that large hydropower sources will contribute to electricity
generation by producing 17.3 TWh/year.

Renewable electricity performance indicators by the DLR (2005), which define the repre-
sentative average renewable electricity yield of a typical facility in Iran, are summarized in
Table 4.6 in Chapter 4. Furthermore, Table 4.7 shows the economically viable renewable
electricity supply side potential for Iran (DLR, 2005).

5.4.3 Renewable Energy Organizations
There are a number different organizations dealing with renewable energy development in
Iran. Recently, the Iranian Deputy President for Scientific and Technology Affairs set up
the “Renewable Energy Headquarters” to coordinate all activities concerning renewable
energies. Multiple governmental organizations and ministries involved with the Iranian
renewable energy sector include:

The Oil Industry Research Academy; Ministry of Oil

The Renewable Energy Organization of Iran (SUNA); Ministry of Energy

The Science and Industry Research Institute; Ministry of Science, Research and Technology

The Environmental Protection Organization, Vice President

The Iranian Fuel Conservation Organization (IFCO); Ministry of Oil
The Oil Industry Research Academy has been chosen as the secretariat for the headquarters
committee and seven sub-committees have been established for different technologies
(hydropower, wind power, wave energy, hydrogen, solar energy, biomass and geothermal).
The Oil Industry Research Academy, which was established in 1960, conducts research on
oil and its derivatives, but has recently engaged in areas such as fuel quality, alternative
fuels and additives, energy consumption optimization, waste solutions and pollution
reduction. The academy’s main research area has recently turned toward renewable energies,
particularly hydrogen.

The Renewable Energy Organization of Iran (SUNA) was set up in 1995 aiming to
develop applications of the energy generated from renewable energy resources. SUNA’s
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main objectives are the stabilization and diversification of energy resources by expanding

existing capacities and reducing the long-term costs of energy generation and protecting

the environment. In order to achieve its mission, SUNA is charged with implementing the

following principles:

- Active participation in drawing up the “National Energy Plan” and other strategies
concerning renewable energy sources in the country

- Active participation in the creation and management of guaranteed markets for
producers of renewable energy sources

- Conducting feasibility studies for various types of renewable energy sources

+ Creating communication between Iranian and international experts and organizations
active in the fields of renewable energy sources

- Identifying, attracting and channeling international sources toward Iran’s renewable
energy sector

- Setting up new strategies to develop technologies relating to renewable energy sources
and supporting research centers active in the related fields

+  Monitoring the latest developments in the field of renewable energy sources and
communicating these findings with the research centers
Preparing the groundwork for transferring, attracting and exporting the relevant technologies

- Setting up criteria and rules for protecting production and R&D activities related to
renewable energy sources

- Encouraging the use of renewable energy sources

The Science and Industry Research Institute, which is affiliated with the Ministry of Science,
Research and Technology, has been working on renewable energy sources since 2004. The
Institute’s main research focus has been on solar energy.

The Iranian Fuel Conservation Organization (IFCO), which was established in 2000,
has been developing standards for energy use in the industrial, the transportation and the
household sectors. It also provides technical and financial support to projects that facilitate
higher levels of efficiency in energy use. The organization has also supported projects dealing
with energy generation from renewable sources. Some recent activities by the organization
include the following:

« Production and installation of 15,000 residential solar water heaters
+  Production and installation of 1,000 public solar water heaters (rural solar baths)
- Feasibility studies for the production of bio-ethanol

Feasibility studies for bio-diesel fuel

- Studies on wind energy.

The Ministry of Energy has also carried out the following activities concerning renewable
energy sources:
+  Assessing the country’s status on renewable energy resources in 2007
- Laying out a roadmap for renewable energy resources in Iran
Strengthening international cooperation in the field of renewable energy resources.
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5.4.4 The Renewable Energy Development Act

In 2001, the Iranian parliament passed an important law to support private sector investment
in renewable energy sources. Under Article 62 of the “Law of Government’s Financial
Regulation” passed on 19 February 2001, the Ministry of Energy became obliged to
purchase electricity produced by public and private power plants at guaranteed prices. The
feed-in rates required by the law were 650 rials (US$ 0.067) per kWh for peak and regular
times, and 450 rials (US$ 0.047) for off-peak times (for a maximum of four hours per day).
SUNA was designated as the organization responsible for signing contracts with investors,
providing services and monitoring the development of the renewable energy industry.

On February 24, 2005, the Ministry of Energy provided instructions on how to imple-
ment Article 62 (see Appendix B for details), and on November 23, 2008, the government
adjusted the feed-in rates to reflect increasing investment costs due to inflation. These rates
doubled from 650 rials (US$ 0.067) per kWh to 1,300 rials (US$ 0.13) per kWh during
peak consumption periods and from 450 rials (US$ 0.047) to 900 rials (US$ 0.094) during
off-peak periods. The new rates were implemented between March 2008 and March 2009
(year 1387 according to the Iranian calendar), and have been subject to revisions in fol-
lowing years.

The rate revision is based on inflation and changes in the exchange rate (rial to US dollars).
The formula assigns weights to inflation and exchange rate movements, but allows investors
to choose their own weights. The rate revision formula also discounts the adjustment
factor by 2 percent each year to encourage innovation and technological advancement to
reduce costs. Specifically, the rate adjustment is based on the following formula:

i=(Pn/Po)%(En/Eo)"® /1.02t

where i is the rate adjustment, P is the consumer price index, E is the exchange rate, n and o
are the number of periods and ¢ is time. « and (1-«) are the weights assigned to the respec-
tive changes in prices and exchange rates. The formula applies to current production. The
law does not stipulate any explicit time period for the contracts; it only mentions long-term
contracts. The Ministry of Energy (through SUNA) and investors negotiate the duration of
the contract, which depends on the type of technology and the lifetime of the plant.

5.4.5 Power Generation Plant Applications
Wind and solar are the most important and viable renewable energy sources in Iran. As
mentioned previously, it has been estimated that in 26 areas of the country, as much as
6,500 MW electricity can be generated by wind (assuming an efficiency of 33 percent). As
a result, wind energy projects in Iran are well ahead of all other alternative renewable
energy sources. Up until 2010, there had been applications for wind power generation up
to 2,000 MW.

Solar irradiance is also very high in Iran with central Iran appearing especially promi-
sing, as the highest irradiance figures are found in this area. According to the IPDC
(2001), solar insolation in Yazd is in the range of 2,500 kWh/m?/year. There have been
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some applications to develop solar energy in Iran, but in light of the immensity of the
potential, this area is still highly unexplored. Unsurprisingly, the most important applica-
tions for power plants have been drawn up for projects in central Iran, in Shiraz and Yazd,
where tender documents for a solar thermal power plant are being prepared.

Another important renewable energy resource in Iran is biomass. Four projects with a
total capacity of 26.1 MW have been approved and are underway. Three plants with a total
capacity of 13.6 MW have signed guaranteed purchasing contracts with SUNA. In addition,
there are feasibility studies for three more plants with a total capacity of 50 MW.

Finally, there are also several applications for small hydropower plants in different areas
of the country. So far, there have been seven applications for small hydropower projects,
which represent a capacity of 30 MW.

5.4.6 SWOT Analysis of the Renewable Energy Organization in Iran

A recent study conducted by Moradzadeh (2009) analyzes the strengths, weaknesses, op-
portunities and threats (SWOT) for the Renewable Energy Organization (REO) in Iran.
This section summarizes the findings from this analysis. The results are based on two
questionnaires completed by a sample of 155 experts in the energy and renewable energy
sectors. The first questionnaire asked 30 questions about the strengths, weaknesses,
opportunities and threats; the second questionnaire asked experts to assign weights to
SWOT cases and to rank the factors listed in the first questionnaire. The score results are
summarized in two matrices: an Internal Factor Evaluation (IFE) and an External Factor
Evaluation (EFE).
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A list of SWOT of the REO is presented as follows:

Strengths Opportunities

« Skilled labor « Educational programs to disseminate

« Equipment and facilities knowledge about renewable energy in Iran

« Maintenance capabilities « Private sector involvement in renewable

« Marketing energy in Iran

- (Capacity in installation, construction and « International cooperation and participation
operation of renewable energy systems in renewable energy investments in Iran

- High interest and expertise among - Iran’s favorable geographical position in
REO managers terms of renewable energy sources

- World Bank grants for renewable energy
projects

- Taxes on fossil fuels
« The security of renewable energy systems

Weaknesses Threats

« High investment costs of renewable « Lack of subsidies for renewable energies
energies in Iran « Technology transfer problems

« Lack of R&D « 0ld technologies

- Lack of financial resources « Lack of strategic planning for a renewable

« Low ability in raising capital energy program in Iran

« High cost of grid connection « Lack of legislation for renewable energy

« Low level of human capital in REQ planning

« Lack of a scientific system and procedures « Lack of government fiscal policies to support
for the decision-making process in REQ renewable energy programs

- Lack of innovation - Lack of consensus among policy-makers

- High price of renewable energies - Lack of acceptance of renewable energy
inlran by consumers

A score was assigned to each factor within the IFE and EFE matrices, and a final score was
calculated given appropriate weights. This final score ranges from 1 to 5. A score that is
equal to or less than 3 means weak performance of the organization, and a score greater
than 3 means satisfactory performance.

The final score in the IFE matrix is 3, which shows that the Renewable Energy Or-
ganization is a weak organization internally. The final score in the EFE matrix is greater
than 3, which indicates that the organization possesses favorable external conditions and
opportunities.

Using the SWOT matrix, four strategies for renewable energy development including
strengths-opportunities (SO), strengths-threats (ST), weaknesses-opportunities (WO),
and weaknesses-threats (WT) are obtained. The list of strategies is as follows:

ST Strategies:
ST1: Plans to use local technology
ST2: Comprehensive planning and management
ST3: Human capital management
ST4: Activities to change fiscal policies
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ST5: Public education and awareness of renewable energies
ST6: Marketing for renewable energies

WT Strategies:
WT1: Fiscal planning and financial management for renewable energy programs
WT2: Plans for technology transfer and technology localization
WT3: Fiscal and monetary policies for renewable energy development
WT4: Investment in human capital for renewable energy development
WTS5: Preparation of a strategic plan for renewable energy development in Iran

SO Strategies:
SO1: Education and training programs in the renewable energy organization
SO2: Coordination, merger or cooperation among different renewable energy organizations
SO3: Use of international quality control programs such as EFQM in the Renewable
Energy Organization
SO4: Application for World Bank grants for renewable energies
SO5: Training on the maintenance of renewable energy equipment
SO6: Management of existing human capital

WO Strategies:

WOL1: Developing private-public participation projects in renewable energies

WO2: Reductions in project costs

WO3: Investment in R&D

WO4: Management and investment in human resources of the REO.

WOS: Joint renewable energy research projects with other domestic and international
organizations

WO6: Financial management of REO

WO?7: Encouragement of innovation in renewable energy projects with the cooperation
of international organizations

WO8: Application for international loans for renewable energy investments in Iran

WO9: Education programs to encourage innovation

WO10: Use of a scientific and systematic decision-making process in REO

5.4.7 Renewable Energy Challenges in Iran

Although a legal framework and some financial support exists for the development of re-
newable energy in Iran, progress is rather slow. By enacting the feed-in tariff law, the Iranian
parliament has demonstrated that developing renewable energy sources is important to
Iranian policy-makers. However, although this legislation is similar to renewable energy
development laws enacted in more than 60 other countries (GTZ, 2009), it has not been
very effective. It is evident that laws by themselves cannot be effective if the environment
for their implementation is not supportive and law enforcement is not strong. The main
challenges for renewable energy development in Iran can be identified as follows:
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+ One of the main barriers for the development of renewable energy sources in the world
and in Iran is the low price of conventional energies relative to renewable energies. In
Iran, this factor is even more pronounced, as the country is rich in conventional resources
and energy prices have been subsidized for a long time. Any investment in alternative
energy sources with the subsidized energy prices would not make economic sense and,
therefore, not be welcomed by local and international investors.

+ The electricity market is subsidized on both supply and demand sides. On the supply
side, fuel costs are kept low by government subsidies on oil and natural gas for power
plants. On the consumption side, electricity prices are subsidized for businesses and
households. The low input price along with a high transmission and distribution loss
(17 percent) contribute to low efficiency rates in power plants, which makes the
actual price of electricity (and therefore the subsidy) much higher than international
standards.

« As the SWOT analysis shows, there is no consensus among authorities and policy-makers
about the importance of investment in renewable energy sources, and therefore a
rigorous plan for renewable energy is lacking. Opponents of renewable energy subsidy
programs argue that, since Iran has abundant fossil energy resources, investment in
renewable energy is not a priority. They also argue that, since renewable energy tech-
nology is still immature, it will be more beneficial to wait until the technology reaches
a stage where it is able to compete with conventional energy resources.

- Transaction costs, red tape and uncertainly with regard to policy change and imple-
mentation increase risk premiums for investment in renewable energy projects; this
diminishes the incentives provided by Iran’s feed-in law. Unfortunately, developing
countries, including Iran, do not have a good record in governance indexes as reported
by the World Bank. The 2008 Governance Report shows that Iran is at the bottom part
of the list, ranking 25th from the bottom among 215 countries in various indexes such
as government effectiveness, the rule of law, corruption control, regulatory quality, and
voice and accountability (Kaufmann et al., 2009)

+  The feed-in-tariff law is a positive step towards attracting private sector investment in
renewable energy. However, it has many shortcomings. For instance, the guaranteed
feed-in price for electricity is subject to government approval and therefore increases
investment uncertainty. Furthermore, law enforcement mechanisms and penalties for
violating the law by government agencies are lacking, making the law less effective.

- Sanctions by the UN and by the US have affected international trade and financial
transactions with Iran, which has made technology transfer and financing renewable
energy projects more difficult and expensive. The sanctions have also limited foreign
investment in different sectors, including renewable energy (see the SWOT analysis).
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The recent deal on Iranian nuclear development between Iran and the 5+1 group,
which entails the removal of international sanctions, is expected to boost international
trade and facilitate the transfer of technology, including renewable energy technologies.

5.4.8 Improving the Feed-in Tariff System

Besides its large fossil fuel resources, Iran also possesses huge renewable energy resources.

The country has great potentials for wind, solar and geothermal energy use. Nevertheless,

renewable energies currently make up only 3 percent of electricity production. As menti-

oned before, however, the scenarios outlined in this book show that renewable energy
could represent 38 percent of Iran’s generation by 2030. This share could go even higher -
to 57 percent — assuming that energy is used more efficiently in every sector, leading to
decreased demand for electricity. The Iranian energy and industrial sector could also be-
nefit from the development of renewable energy. The country can invest in renewable
energy sources and allocate oil and natural gas resources for export. For each unit of fossil
energy saved domestically - either via substitution by renewable energies or energy effi-
ciency - Iran can generate high revenues through fossil fuel energy exports in the interna-
tional markets, increasing its national income. Furthermore, for remote areas isolated
from the national grid, renewable energy technologies can deliver cheaper and cleaner
supply solutions than conventional systems.

To improve the development of the renewable energy sector in Iran, various measures
may prove effective:

- Energy policy reform is necessary for Iran, as energy prices are much lower than their
actual costs. The current system has led to the inefficient use of energy in all sectors of
the economy, increased emissions, and to reduced incentives to invest in energy gener-
ation. When energy prices reflect their actual costs, the measures taken to support
development in renewable energy sources will be more effective.

« The feed-in law currently sets up a guaranteed purchasing price for electricity pro-
duced from renewable energy sources. Since the inflation rate in Iran is historically
high and changes frequently, specifying a nominal price as the supporting price will
not be effective. Furthermore, the base price of electricity with which the supporting
price is compared is already subsidized and, therefore, does not reflect the actual costs
of electricity production. An alternative method, in which the supporting price for
renewable energy is specified as a proportion of actual production cost of electricity
produced by conventional sources, would be more effective. In addition, setting up a
mechanism through which prices would be guaranteed, quoted in a hard currency and
in effect for a long period regardless of changes in government is necessary to reduce
uncertainty. In addition, the feed-in tariffs should be set at levels that would cover the
actual investment costs and would provide a competitive rate of return on investment.

- The feed-in tariff law puts all the grid connection responsibility on renewable energy
producers. Since the grid connection is a critical component of electricity generation
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and transmission, its details and responsibilities should be specified clearly. Otherwise,
this will add to uncertainties with regard to the purchasing program, making invest-
ment in renewable energy projects less attractive.

+ According to the current feed-in tariff regulations, the grid administrator determines
how much electricity would be purchased from renewable energy producers in an hour
or a day. If an electricity generator produces more than the amount set by the grid ad-
ministrator, it is fined. Although this arrangement may be necessary for the smooth
performance of the grid, it also raises uncertainty regarding a renewable energy plant’s
revenues. To alleviate this problem, the grid can give priority to renewable generating
plants.

+ In addition to the purchase price scheme through the feed-in tariff law, there are other
support arrangements for renewable energy development. For instance, a mandatory
market share policy leads to a renewable portfolio standard by placing an obligation on
suppliers of power to source a proportion of their power from renewable energy gen-
eration. This policy can also be accompanied by tradable renewable energy certificates,
similar to an emission trading program, so that suppliers can purchase renewable energy
or renewable energy certificates. Through this policy the energy sector would produce
a certain share of the energy by renewable energy sources in a specified period. While
the feed-in tariff scheme is likely to increase market scale and encourage technological
change, the mandatory market share program stimulates competition (Cherni and
Kentish, 2007). Nevertheless, as Section 2 of this chapter notes, international comparisons
show that, so far, feed-in systems have outperformed alternative approaches with
regards to market growth as well as production costs for renewable electricity.

+ Furthermore, the government can provide a variety of other instruments of financial
support and incentives to renewable energy producers. Allocating loans at discounted
rates is crucial, as the upfront investment costs are rather high in renewable energy
projects. Lowering tariffs on renewable energy production equipment, funding research
and development, and reducing taxes on renewable energy producers would also
facilitate growth in the sector. To avoid political cycles and changes in policies (which
also increase uncertainties), the government could establish a renewable energy
development fund to support activities in the sector, including the construction of
renewable energy projects in different areas. It is critical that the management of the
fund be depoliticized by allocating balanced voting rights to non-profit and non-
governmental organizations within the board governing the fund.

- The feed-in tariff law should also include a specific target for the proportion of renewable
energy in terms of total electricity generation, a time frame in which the target should
be reached, details of the government support scheme, and legal enforcement and
penalties.
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As with any new technology, a high level of human capital is required for a country to
adopt the technology and to catch up with the new developments. Therefore, if Iran
plans to invest in renewable energy resources, it must also invest in its human capital
through education and training in renewable energy technologies. The integration of
renewable energy courses into a regular curriculum in vocational and formal education
systems at different levels can help develop the knowledge and skills required for the
development of renewable energy in the country.

« There are different organizations working on renewable energy development, but, as
the SWOT analysis indicates, their activities including research, production, construction,
regulations and funding are not well coordinated. To make their efforts and decisions
more efficient, renewable energy development activities need to be coordinated by a
central government agency with a high level of authority. For instance, the Renewable
Energy Organization of Iran (SUNA), which is affiliated with the Ministry of Energy,
can be supported and strengthened by directly linking it to high-level decision-making
bodies.

While new technology for renewable energy is developing rapidly in advanced econo-
mies, countries that are behind need to obtain this technology through either foreign
direct investment (FDI), which has proven to be helpful in technology transfer and
knowledge spillover, or an active relation with scientific and research institutes. Iran
also needs to develop a plan to facilitate FDI and effective communication with scientific
and research institutes across the world, particularly in the area of renewable energy
technologies.
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Policies to Promote Energy Efficiency

6.1 Introduction

In theory, the market ensures the efficient allocation of resources and maximum benefit
for society. In certain cases, however, the market does not necessarily function perfectly,
creating inefficient levels of production and consumption. The most serious cases of market
failure occur when firms have market power to manipulate prices; when external costs or
benefits are involved but not reflected in market prices; and when information is lacking.
When the market fails, public intervention can make resource allocation more efficient.
The energy sector is typical for some of the major causes of market failure. For instance,
energy production is usually concentrated, allowing large producers to influence the mar-
ket. Energy production and consumption also place external costs on the environment,
which are not included in the business and consumption plan. A lack of information is
another factor in the energy market’s difficulty to achieve an efficient outcome.

In this chapter, we start by reviewing some of the barriers that prevent the market from
allocating resources efficiently. We then proceed to analyze policies that may help improve
energy efficiency in general, as well as in cases such as Iran and Germany, which are taken
as examples of developing and developed countries. We focus on policies that may help
overcome barriers in construction and appliance markets.

6.2 Energy Efficiency Challenges

6.2.1 Widespread Deployment of Efficient Technology

One of the major drivers of energy consumption is the technical characteristics of the capital
(appliances, buildings, vehicles, etc.) that uses energy. Improving energy efficiency
therefore involves changing the current inefficient technology to a more efficient techno-
logy. However, changes in technology require investment and take time. Moreover, house-
holds and firms may be unable to invest in capital with new technology due to their lim-
ited budgets and liquidity constraints, particularly in the absence of an effective financial
market.

The relationship between capital and energy services can be elaborated further as
follows. What consumers really need are useful energy services such as warm meals, com-
fortable rooms and good lighting, and not kilowatt-hours. The use of energy is only a means
to this end. Energy must, therefore, always be used in association with specific capital
(technical equipment) to provide the desired service, and this technical equipment, or the
use thereof, can be inefficient or efficient. For example, students need a light intensity of
about 300 lux for their desks in the classroom. The desired useful energy service is “good
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lighting” This service can be provided by either a simple incandescent lamp, a fluorescent
lamp, a fluorescent lamp in a better luminaire, or other systems like LED. The efficiency of
lighting systems is not only dependent on the luminous flux of the lamp, but also on the
efficiency of the luminaire (among other things).' The lighting level (energy service) of
the three solutions might be the same, but the electricity consumption and the costs of the
service (good light) will be very different.

There are many more efficient solutions than using a traditional bulb. The traditional
incandescent lamp can be substituted by more efficient alternatives, which provide the
same light intensity while consuming less electricity. However, many incandescent lamps
are still used today in spite of the fact that more efficient solutions are usually more cost-
effective (for example, the energy savings are 30 percent for a halogen lamp Eco-Classic 50
(20 watt), 80 percent for a compact fluorescent lamp (CFL, 8 watt) and 80 to 90 percent for
an LED (7 watt)).

To calculate the costs of the energy service, we use the costs for producing and delivering
electricity to consumers. In Germany, this figure is about € 0.10 per kWh; the societal cost
for 10,000 hours of lighting service is € 70 when using incandescent lamps and € 15 if the
same lighting service is provided by CFLs.?°

Table 6.1. Costs and Energy Savings of Various Lighting Technologies

Incandescent Lamp |CFL

Power (in watts) 60 1
Price (in Euros) 1 4
Lifetime of Lamp (in h) 1,000 10,000
Total Cost over 5,000 Hours of Use 35 9.5
(incl. Investment) (in Euros)

Total Cost over 10,000 Hours of Use 70 15
(incl. Investment) (in Euros)

Energy Savings over Lifetime (in kWh) 0 490
Cost Savings over Lifetime (in Euros) 0 55

Note: The cost of electricity production and transportation is assumed to be € 0.1 per kWh (societal perspective)
Source: authors’ calculation

19 Luminous efficacy is the luminous flux of a lamp in relation to its power consumption. It is expressed in lumens per watt
(Im/W). For example, a 60 W incandescent lamp produces approximately 850 lumen or 14 Im/W, and a 20 W compact fluore-
scent lamp (CFL) generates approximately 60 Im/W, and in total about 1,200 lumen. This means that a CFL is about five times
more efficient than an incandescent lamp. In other words, the same energy service can be provided with only one fifth of the
energy. With an LED lamp, the same luminous flux can be achieved with 8 watts — which means that LED technology is eight
times more efficient than an incandescent lamp.

20 Household consumers in Germany had to pay about € 0.25 to 0.28 per kWh in 2014 (price per delivered kWh, not including
the fixed price component for reading the meter and handling the contract). Thus the energy cost savings for a household
generated by using a CFL are more than twice the value shown in Table 1.
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Table 6.1 shows that the energy service “good lighting” can be delivered at significantly
lower cost when a CFL is used. In other words, if electricity providers delivered “good
lighting” using a CFL, thus reducing electricity consumption, the economic cost for society
would decline. The advantage to the economy as a whole could be split among the energy
service companies and their customers. Figure 6.1 shows the cost structure and efficiency
in the energy market. Marginal costs rise in line with production, because the most
cost-effective power plants are built at the best sites first, and limited resources will cause
the cost per kWh to increase for plants built later. The average cost is U-shaped: it declines
with output up to a point (least-cost minimum), after which it will rise unless the produc-
tion plant is expanded. The cost of efficiency rises, with the level of efficiency defined as
lower energy consumption by the plant (shown on the horizontal axis from right to left).
Point x represents the current level of energy use with the cost of efficiency lower than the
cost of supply.

Costs

Total Costs
incl. (---) and
excl. (—)

external costs

Least-Cost- o
Minimum -

_______________ °- —

x(Min) | | x(Min)
(including external costs) | | (excluding external 1osts) 1

X (cIimate)l X (today)
Supply of energy (x)

Figure 6.1.The Economic Optimum of the Total Costs for Energy Service
Source: Hennicke, Seifried 1996

At point x (today), there is a high potential for energy efficiency. The more this potential
is used, the more the costs per saving an additional kWh will rise. Hence the cost of effi-
ciency curve increases (from right to left) as the efficiency potential is increasingly used.
The least-cost minimum point is marked by the same gradient of the two curves; the average
cost curve has its minimum. In theory, this would be the optimal combination of energy
supply and efficiency efforts (not including external costs). If the external costs of fossil
fuels and nuclear power plants are included in the calculation, the optimal point for the
combination of electricity and saving technology will shift to the left. This means that
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there should be more investment in efficient technologies instead of building new power
plants. However, Germany and other countries are a long way from the optimum point.
In other countries such as Iran, where prices for electricity and energy carriers have been
heavily subsidized for a long period, the potential for cost-effective savings is even higher
if energy prices reflect the actual costs.

This situation is not only limited to the power sector. There is also a huge, untapped
saving potential in the building and transportation sectors. For this reason, national energy
policies should attempt to close this gap by introducing suitable policy instruments.
Policies that remove financial barriers would enable energy efficiency targets to be met.
Examples of such policies include subsidizing the purchase of new capital goods or re-
moving old capital goods; providing low-interest loans; and reducing the price of efficient
capital goods by subsidizing producers of high-efficiency capital appliances, buildings and
machinery.

6.2.2 Energy Subsidies
Energy consumption, similar to other goods, is primarily a function of energy prices.
Given other factors such as income, consumers increase their energy consumption as its
price decreases relative to other goods, and vice versa. Since energy is used along with
physical capital, demand for energy also depends on the demand for capital and its char-
acteristics, hence derived demand. The traditional problem with fossil fuel energy sources
is that their prices do not reflect their actual costs, including the negative external costs
imposed on the environment and health. Therefore, even though governments do not
provide direct subsidies to energy goods, energy prices are indeed subsidized. In some
countries, governments levy taxes on energy goods to avoid the overconsumption of energy
and to cover the external costs of energy consumption on society. Most developed
countries, particularly energy-importing countries such as those in Europe, fall into this
category. In North America, although energy consumption is taxed, fossil fuel production
is subsidized, making the playing field uneven for energy efficiency and renewable energy
production. In some countries, particularly energy-abundant and fossil fuel-exporting
countries, energy goods are often subsidized either directly through government budgets
or indirectly by keeping domestic prices lower than border prices. In either case, lower
energy prices encourage energy consumption and make it uneconomical for consumers or
producers to invest in energy efficiency.

Increasing energy efficiency requires the removal of all forms of energy subsidies on
the consumption and production of fossil fuels, so that prices reflect both private and social
costs and renewable and clean energies are able to compete with non-renewable energies.

6.2.3 Rebound Effects

Improving efficiency in the use of energy may not necessarily lead to a reduction in ener-
gy use and CO, emissions to the same extent. Parts of the savings resulting from efficiency
improvements may be used in the form of higher energy consumption. This is the so-called
rebound effect, which can be defined as non-realized savings in the use of resources
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relative to potential savings (Schettkat, 2009). Researchers (Maxwell et al., 2011; Madlener,

Alcott, 2011; and Santarius, 2012) have identified various driving forces behind rebound

effects, such as price-induced and mental/psychological factors.?’ The main reason for the-

se rebound effects is that energy efficiency measures reduce the cost of services, which
generates revenues for consumers and can have different micro- or macro-economic effects

(Maxwell et al., 2011). In general, there are three sources of rebound effects, namely:

+ The direct rebound effect occurs when increased efficiency and the associated cost
reduction and lower prices for a product/service result in the increased consumption of
the product/service. This is also known as the price or substitution effect.

- The indirect rebound effect occurs when the savings generated from increased efficiency
are spent on other energy-consuming goods.

+ The economy-wide rebound effect, or general equilibrium effect, occurs when higher
efficiency drives economic productivity, resulting in higher economic growth and
consumption at the macro-economic level. Possible changes in the labor market due to
changes in productivity, and changes in international trade due to changes in inputs
also fall into this category.

Figure 6.2 illustrates direct and indirect rebound effects. Replacing old bulbs with
modern energy-saving lamps improves energy efficiency, enabling households to save
money. Rebound effects occur if consumers increase their consumption of the product/
service, invest the amount saved in other energy-consuming products, such as more light
bulbs (direct rebound effect), or other new electricity-consuming appliances (indirect
rebound effect). Since products with a higher energy efficiency are often more expensive
than standard products, the rebound effect typically occurs when the amount of energy
costs saved is higher than the additional cost of the more efficient capital.

Technical Technical improvement
improvement in efficiency
in efficiency
Direct Indirect Rebound Effect

Rebound 40
— Q — g Y

Figure 6.2. Direct and Indirect Rebound Effects (simplified illustration)
Source: Own figure based on Madlener, Alcott, 2011

21 In this section, we concentrate on price-induced rebound effects.
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Yu et al. (2013), however, show that significant rebound effects in Beijing only occurred
for some end use devices, such as air conditioners, washing machines, microwave ovens
and cars. Furthermore, rebound effects are neither generally proportional to efficiency
improvements, nor are they very sensitive to relative efficiency improvements. They found
that improving the technical efficiency of end use devices continued to be an effective
energy conservation measure in Beijing, and suggested further policies that can encourage
households to use a minimum amount of energy. In addition, cross-sector collaborative
policies are required, covering both domestic appliances and vehicles. In general, the
results are in line with Saunders (2013), whose analysis of consumer energy consumption
patterns and income levels revealed a clear correlation between income level and energy
consumption. Although energy consumption per household generally declined, lower
income earners reduced their household energy consumption to a lesser extent than high
income earners. He suggests that overall increases in energy consumption are not linked
to income improvements (ibid.).

According to various studies (Lechtenbéhmer and Nilsson, 2014; Hauptstock, 2013; Schettkat,
2009; Sorrell, 2007), the volume of direct rebound effects is likely to be less than 30 percent
for household heating and cooling. The direct rebound effect in personal automotive trans-
portation in OECD countries may be about 10 percent, with considerable variation from
country to country. For instance, Moshiri and Aliyev (2015) estimate that the rebound effect
in passenger vehicle transportation in Canada is 82 percent, which means that a one-percent
gain in car efficiency is associated with a 0.36 percent decrease in gasoline consumption. For
less developed countries, rebound effects may be substantially higher in the short run (Sorrell,
2007).22 However, Lechtenbohmer and Nilsson (2014) strongly suggest that, given the ex-
tremely narrow limitations of natural resources, achieving the most efficient use of energy is a
core strategy for enabling all consumers to be supplied with sufficient energy services.

6.2.4 Consumer Behavior

Even though the cost-benefit analysis shows that the use of energy-efficient appliances has
a positive net benefit in the long run, consumers may pay little attention to energy effi-
ciency when purchasing appliances. Besides budget constraints, other challenges exist on
the energy market that hamper efficiency. For instance, consumers and producers may be
unaware of energy efficiency measures and policies, and how they might affect their budget.
Furthermore, consumers may have insufficient information about energy efficiency labeling
and the monetary values of energy-efficient products. In most cases, the energy ex-
penditure share of a household’s total expenditure is relatively small, meaning that it may
not be worth investing the time and energy to search for and obtain information about
energy efficiency programs. Another challenge hampering energy efficiency is the existence
of split incentives between the buyers and users of appliances. For instance, landlords
(buyers) have little incentive to invest in energy-efficient appliances or buildings because
their tenants (the users) are usually responsible for paying the energy bills.

22 This may especially be the case for the 1.6 billion households that have no access to electricity and the 2.5 billion households
that rely on biomass as fuel for cooking (Sorrell, 2007).
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6.3 Energy Efficiency Policies; an Overview

6.3.1 A Hybrid Efficiency Policy

Since the obstacles to increasing energy efficiency are manifold and differ greatly, we
endeavor to explain the situation using two specific products (combined refrigerator-freezer),
which are comparable in design and quality, but differ when it comes to their level of
efficiency (Figure 6.3).

Let us consider the first appliance, which has an A+++ efficiency rating, and the second
A-class appliance, which is approximately 60 percent less efficient than the first. The more
efficient appliance consumes 150 kWh each year, compared to 360 kWh consumed by the
A-class device. Nevertheless, the more efficient product costs € 200 more than the A-class
refrigerator-freezer. This may be why many households opt to purchase the less efficient
product. Over the appliance’s lifetime, however, the choice of purchasing the less efficient
appliance is more expensive, because the life-cycle costs of the highly efficient appliance
are about € 570 less than with the “cheap” A-class appliance. To calculate the life-cycle
costs, we assumed an interest rate of 4 percent, an annual 2 percent increase in the price of
electricity, and a 15-year lifetime of the appliance. External costs were not included in the
calculation.

1,600 €

1,400 €

1,200 €

1,000 €

800 €

600 €

400 €

200 €

-€ [ — N

Investment Cost Interest Cost of Electricity ~ Savings over
Including 4% over 15 Years life cycle
oA W A+++

Figure 6.3. Selling Price and Life-Cycle Cost of Two Different Appliances
Source: Boehm, 2011; authors’ calculation

Market surveys have shown that the share of A+++ cooling appliances in the market is
rather small. For this reason, companies tend not to produce more efficient appliances,
because there is little demand for them, owing to the higher costs involved - and therefore
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the higher purchase price. Even if electricity prices represent the true cost (including the
external environmental costs), market forces alone will not lead to the best (most cost-
effective) solution. A mix of instruments is therefore necessary to push high-efficient
appliances into the market and to change customers’ purchasing behavior. In Figure 6.4, we
show the range of policies and measures available to overcome the various barriers in order to
safeguard energy and to provide energy services cost efficiently for cooling and other uses.

service package economic and environmentally
friendly energy service packages

lack of awareness in energy efficiency | information instruments
1 1L

poor market overview energy-efficiency ranking of products
1

lack of product information product labels
1

insufficient purchase advisory service professional training of skilled workers

preference of short payback period energy-efficiency rebate programs

P |
previous tariff arrangement.«~ linear / time variable tariffs
1 1

energy-related advisory service

1 1
layout of bills
1 1
efficient service correct and proper disposal
(e.g. cooled food) of appliances (e.g. fridge)

s

Figure 6.4. Instruments to Overcome the Market Barriers
Source: Seifried, 1992

6.3.2 Policy Approaches to Increase Energy Efficiency
In this section, we present a number of policies, measures and instruments that could
transform the appliance market by increasing the efficiency of energy use.

Figure 6.5 shows the principle of market transformation from a low-efficiency regime
towards a high-efficiency regime. Market penetration is sorted by market shares of
product classes with different efficiencies (orange: inefficient devices; green: very efficient
devices). There is typically a bell-shaped distribution of products: a small share of very
inefficient products, a high share of less inefficient products and a small share of highly
efficient products. Given this distribution, energy efficiency can be achieved by taking the
following three steps:
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1. Remove inefficient products from the market (LESS). This can be achieved by adopting
minimum efficiency standards, levying taxes, providing information and performing tests.

2. Promote highly efficient products (MORE), for example, by introducing incentives such
as rebate programs or tax credits, labeling, providing information and education,
adopting procurement measures and issuing green certificates.

3. Develop better and more efficient appliances (NEW) by promoting research and
development, introducing technology competition schemes that offer cash prizes and
other benefits to manufacturers who develop better technology and so on.

Moreover, it may be possible to encourage electricity suppliers or grid operators to make

their business strategy more sustainable.

LESS - Remove the bad

* Minimum efficiency
standards

e Tests

e Tax Policy

MORE - Promote the good
e Incentives

e Labeling

e Information

e Procurement

¢ Green certificates

NEW

Market Penetration

New - Develop better
* Research & Development
e Technology Competitions

Product Performance

Figure 6.5. Set of Instruments to Foster the Market Penetration of High-Efficiency Appliances
Source: Own figure based on Bach, 2009

In the sections below, we explore the instruments available for improving and transform-
ing the markets. Although in many cases instruments are listed in one group, they may
have an impact on several aspects. For example, an instrument such as an energy tax,
which helps remove inefficient appliances from the market, may also increase the share of
more efficient products. Best practice examples are described in the boxes underneath the
description of the respective instrument.

Remove Inefficient Appliances from the Market (LESS)

Minimum efficiency standards: The world’s most frequently deployed energy efficiency
programs are minimum energy performance standards (MEPS) and energy performance
labeling for appliances and equipment. Minimum energy performance standards define a
regulatory minimum of energy consumption. This regulation intends to take the most
inefficient appliances or vehicles off the market and to encourage consumers to purchase
products with a certain level of energy efficiency (Box 6.1).
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Box 6.1. Minimum Energy Performance Standards in the EU
to Phase Out Inefficient Lamps and Refrigerators

Based on the Eco-Design Directive 2005/32/EC, the European Union legislated the
gradual phase-out of energy-inefficient lamps in households by adopting Regulation
244/2009/EC. This regulation bans inefficient lamps such as non-directional incandescent
bulbs and tungsten halogen lamps. It does not affect bulbs with reflective surfaces
(e.g. spotlights and halogen down lighters) or special-purpose bulbs such as in ovens,
fridges, traffic lights and infrared lamps. The first types of non-clear (frosted) bulbs have
been banned from sale since September 2009. Also from September 2009 on, clear
bulbs rated at 100 W had to meet higher efficiency criteria. These performance criteria
were adjusted to lower wattages, and efficiency levels raised at the end of 2012.
Furthermore, the EU has set 2016 as the target year by which all bulbs with an energy
rating lower than “B” should be banned.

B-class refrigerators have already been banned, and A-class cooling appliances were
phased out from the European Market in 2012. However, minimum efficiency standards
provide no incentives to produce appliances that are significantly better than the
defined minimum. A dynamic minimum standard, such as Japan’s top-runner regulation,
could be applied to make the instrument of minimum efficiency standards even more
powerful.

Although MEPS and labeling programs can be effective regulatory solutions, the Asia
Business Council advises economies that are new to standard-setting and labeling to first
introduce a voluntary labeling program (Box 6.2). MEPS should take into account the
technical capability of local suppliers. Standards and labels must be revised regularly and
upgraded to ensure continuous product improvement (Wuppertal Institute, 2012).

Independent testing institutes: Customers find it difficult to choose which type of goods
to purchase due to the existence of asymmetric information in the market. Buyers are unsure
which product to choose, and usually have no reliable information about the quality
of products. Even dealers may not have detailed information about the quality and, in
particular, the energy intensity of products. In many cases, buyers will opt for the cheaper
product, which is most likely to have a lower quality and be less efficient than more expensive
products. This is why it is very important to provide information about the quality of
products, as certified by independent testing institutes. Labeling systems are usually
established by independent testing institutes.

Box 6.2. Mandatory and Voluntary Programs in China and Malaysia

China has the most comprehensive appliance standards and labeling program
in the developing world. The program includes:
« Mandatory minimum energy efficiency standards for 23 types of appliances
and equipment
- Voluntary endorsement labels for 36 types of appliances, lighting and
industrial products
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In Malaysia, eight local motor manufacturers concluded the High Efficiency Electric
Motor Agreement in December 2003. It is a voluntary agreement among dealers and
importers to promote high-efficiency motors and to eliminate low-efficiency motors
from the local market. At the same time, the Association of Manufacturers and
Importers of Refrigerators adopted a voluntary program for promoting energy-efficient
refrigerators. Both programs are implemented on a voluntary basis (Wuppertal
Institute, 2012).

Tax policy: Prices should reflect overall economic costs, including external costs. Since
profit-maximizing firms in the market system exclude external costs from their cost
calculations, on behalf society, governments should intervene by levying taxes on products
with a negative externality. Another public policy is to levy taxes on scarce and non-re-
newable resources, while exempting a resource such as labor, which is not fully exhausted
in many countries, from tax. Taxing fossil fuel, nuclear energy and other raw materials
that have an impact on the environment makes it more expensive to use such energies or
materials, making it more competitive to produce efficient equipment and renewable
energy. Lower taxes on labor would put more people in work, reducing the social cost of
unemployment. The higher prices for energy would give customers and investors an in-
centive to seek more efficient products and technologies. The shift in demand for more
efficient appliances would encourage producers to change their production lines to higher
efficiency products.

Promote Better and Best Products (MVORE)

Incentives: Rebate programs deployed in the US and a number of European countries have
been successful, giving consumers and firms an incentive to use the most efficient appli-
ances or lighting systems. The rebate, given only to highly efficient products, may amount
to around 10 to 30 percent of investment costs. The aim of the incentive is not to make
energy-efficient technology profitable (in most cases, the efficient technology is the most
profitable one in the longer term), but to raise awareness of high-efficiency appliances
among more investors. This would lead to a transformation of the market, savings in electric-
ity, and the development of better products in the long run. The incentive can be offered
to consumers, dealers and producers alike (Box 6.3).

Box 6.3. “Break-Up Incentive” for Old Cooling Appliances

From September to December 2009, the Austrian government provided incentives to
households to exchange old inefficient cooling appliances for A++ appliances (which
was the best rated class at the time). Every household that purchased an A++ cooling
appliance was given a € 100 cash rebate. Within the given period, 37,000 claims for a
rebate were made.

The scheme proved successful for households, which managed to reduce their energy
costs considerably. The highly efficient appliances use 59 percent less electricity than
the scrapped ones. It was also a success for the environment, due to the reduction of
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CO, emissions and the controlled disposal of waste, including HCFCs and CFCs from
the old refrigerators and freezers.

What is more, dealers — who are the key contact persons and source of advice for
consumers — supported the scheme and announced that they would back further
action in this field. As a result of this scheme, the sale of A++ class cooling appliances
increased by more than 20 per cent and their market share grew from around 11 to
34 percent (UFH, 2010).

Labeling: Energy performance labeling is one of the most frequently used energy efficiency
measures. It is often deployed together with minimum energy efficiency standards. Energy
labeling systems provide a good overview of an appliance’s energy costs. The system
should be easy to understand, and should show the costs over the lifetime of the product.

The mandatory labeling of electrical appliances exists in more than 54 countries. Some
countries, such as Russia, Peru, Uruguay, Indonesia and Taiwan, also have voluntary labeling
programs. Most countries focused initially on refrigerators and air conditioners, because
these appliances account for a large part of household electricity consumption. Newer
labels cover other appliances and equipment such as lamps, washing machines, tumble
dryers, dishwashers, water heaters, boilers, computers, rice cookers and tires.

Labeling programs introduced in developing countries are based on the experience of
OECD countries. The European model (Box 6.4 and Figure 6.6) has been adopted in similar
forms in Brazil, Tunisia, Egypt, China and Iran; the Australian system served as a model
for Thailand, Ghana and South Korea.

Box 6.4. EU Lamp Efficiency Labeling System

In the EU, all big energy-consuming appliances and lamps and their ballasts have to be
labeled, showing the product’s efficiency.

Until the adoption of Regulation 874/2012/EU, the lamp efficiency scale in the EU went
from A (very efficient) to G (least efficient). However, due to the gradual phase-out of
energy-inefficient lamps, labeling classes F and G became obsolete. The labeling system
was therefore redesigned: classes F and G were abandoned, and class A was divided
into A, A+ and A++.Thus, it is now easier to identify high-efficiency lamps.

A++ is the most efficient class for lamps, but class A+++ also exists for washing
machines, cooling appliances, and so on. The labeling system could be misleading

to consumers if they are unaware of the existence of class A+++.
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Figure 6.6. Examples of EU and Australian Energy Label
Source: Australian label from http://www.energyrating.gov.au/about/what-we-do/labelling

Since labeling programs alone are incapable of transforming the market, they are usually
supplemented by minimum energy performance standards (ibid.) (Box 6.5). The com-
bined use of labeling and minimum energy efliciency standards can enhance the distribution
of more energy-efficient appliances and products. To be effective, labeling programs and
performance standards must be upgraded regularly.

Box 6.5. Combination of Minimum Standards and Labeling Systems

The effectiveness of minimum standards and labeling systems has been tested in many
Asian countries. Countries such as China, Indonesia, Malaysia, the Philippines, Singapore,
South Korea, Taiwan and Thailand have successfully introduced minimum energy
performance standards (MEPS) for certain types of appliances. For example, energy
consumption by refrigerators has fallen by 74 percent in South Korea over the past

ten years. In Thailand, the share of high-efficiency refrigerators increased from 12 to

96 percent between 1995 and 1998. Mandatory labeling programmes also exist for certain
types of appliances and equipment in China, the Philippines, South Korea and
Thailand (Wuppertal Institute, 2012).

Information and education: Information and education on energy efficiency encourage
people to use more energy-efficient products. Raising awareness can be achieved through
information campaigns, exhibitions, demonstration projects, direct mailings and better
education (Box 6.6). In addition to raising awareness about the types of appliances with
regard to their efficiency rating, it is also important to provide information about how to
operate the equipment. For example, a washing machine can be used efficiently or in-
efficiently. Big differences in energy and water consumption by washing machines can be
created depending on the washing temperature, washing loads and external hot water
supplies.
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Box 6.6. Information on Energy Efficiency Measures for Low-Income Households
The German Federal Ministry for the Environment, Nature Conservation and Nuclear
Safety financed a pilot project to improve the efficiency of electricity use in low-income
households. Owing to the pilot project’s success, the Ministry implemented the scheme
nationwide. By the end of 2014, the scheme had been rolled out to more than 170 cities
in Germany. More than 160,000 households had participated in it by 2010. The scheme
is a combination of energy audits, the provision of advice, the direct application of
efficiency measures, financial incentives and micro-credits.

All participating low-income households received a free energy audit. The energy audit
was combined with a set of measures called the “instant help package” - the use of
compact fluorescent light bulbs, the elimination of stand-by losses through switched
extension leads, as well as water-saving measures and timers to reduce losses caused
by electric water heating.

Sustainable public procurement: Every purchasing decision influences the environment and
society. Sustainable procurement involves consumers carefully considering how their
shopping behavior affects the environment. Public authorities also spend large amounts
on goods and services, influencing the market and the environment. For this reason, an
increasing number of communities are working together in the field of sustainable pro-
curement. The organization ICLEI?® developed tools, tender documents, manuals and
training sessions to assist in capacity building for public authorities with regard to
sustainable procurement.

White certificates: The use of white certificates (or Energy Savings Certificates, ESC) is a
policy instrument issued by a government to achieve a certain energy saving target. In this
program, a government requires energy companies to undertake energy efficiency meas-
ures for final users that are consistent with a predefined percentage of their annual energy
delivery. White certificates are usually tradable, and the producers concerned are suppliers
or distributors of electricity, gas and oil. If energy producers fail to meet the mandated target
for energy, they have to pay a penalty. This program can lead to projects where energy
suppliers have an incentive to encourage their customers to purchase more efficient ap-
pliances.

Develop Better and Highly Efficient Products (NEW)

Research and development: Energy efficiency potentials may not fully materialize due to a lack
of market incentives for producers. It is expensive to produce high-efficiency appliances;
if consumers are unwilling to pay more for new products or if producers do not receive
any compensation for the additional costs of developing more efficient technologies, then
highly efficient products will not be manufactured. One important way to reduce produc-
tion costs is to invest in R&D to develop new and better technologies, which will increase
the energy efficiency of appliances. Companies will invest in R&D if they expect to gain
from the development of new products or to increase the quality of their existing

23 ICLElis the acronym for Local Governments for Sustainability
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products. However, if production involves positive externality, profit-maximizing firms
will be unable to fully recover their costs and to capture all the benefits. Hence govern-
ment subsidies for R&D can encourage firms to innovate and to identify more efficient
technologies that reduce energy consumption and emissions.

Competition for developing the most efficient technology: Setting a price for the development
of more efficient technologies can offer companies an incentive to invest in new technolo-
gies. Besides technical performance, the concept of market penetration by new products is
also important. This explains why companies within the L-Prize competition work to-
gether with utilities, energy saving companies and efficiency partners (Box 6.7). The aim
of these companies is to support and accelerate the introduction of such products to the
market.

Box 6.7. L-Prize

In summer 2009, the US Department of Energy (DOE) launched the “Bright Tomorrow
Lighting Competition” (L-Prize). This policy was intended to encourage the development
and deployment of highly energy-efficient solid-state lighting (SSL or LED) products

to replace several of the most common lighting products currently used in the United
States, including 60 watt incandescent and PAR 38 halogen lamps. The LED products
must perform similarly to the lamps they are intended to replace in terms of color, light
output, light distribution, lamp shape, size, form factor, appearance and operating
environment. They must be reliable, available through normal market channels, and
competitively priced. Full performance specification criteria and competition details
can be found at http://www.lightingprize.org.

6.4 Energy Efficiency Policies Concerning Buildings
using the Example of Germany

Before discussing the specific instruments used to foster energy efficiency in buildings, we
need to explain the importance of this sector and review the immense saving potential and
enormous progress made, taking Germany as an example. We will also present the addi-
tional costs involved in constructing highly efficient buildings and refurbishing existing
buildings. The conditions for increasing efficiency in buildings differ to those in appliances.
Nevertheless, we describe the policy measures within the same structure as for electricity
efficiency.

6.4.1 Background Information about Energy Efficiency in Buildings
In the EU, buildings consume more energy than the transportation and industrial sectors.
Some 40 percent of total energy is consumed in buildings, approximately 85 percent of
which is for heating and hot water generation (BMU, 2008).

Energy consumption in buildings is very heterogeneous across buildings in Europe. In
general, however, buildings constructed between the end of World War IT and 1980 consume
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the most energy. Buildings in Germany consume an average of around 200 kWh/m? per
year (for heating only). Buildings constructed more recently have to comply with the
Energy Saving Ordinance (EnEV), which has become increasingly strict over the past
20 years. The EnEV ensures that the insulation and technologies used in new buildings
meet high standards. It also specifies prerequisites for renovation based on the latest tech-
nological developments, while taking into account economic viability.

The latest Energy Saving Ordinance came into effect in 2013. From a technological
point of view, energy consumption for heating new buildings can be reduced further com-
pared to the previous EnEV. For instance, passive houses use less than 15 kWh/m? per
year. Energy consumption in passive buildings is already exceptionally low, but the “plus
energy” concept takes it one step further. Not only do these structures use no additional
energy, they are also designed to generate enough electricity to allow them to feed net
energy back into the grid. More and more “plus-energy houses” are being built, which
produce more energy than they use throughout the year. The construction of efficient
buildings is supported by the state government of North Rhine-Westphalia and the Energy
Agency of North Rhine-Westphalia (NRW). Together, they launched a campaign to con-
struct 50 solar energy housing developments in NRW. The aim of the project was to greatly
reduce energy requirements in buildings by adopting specific energy efficiency designs
and to generate the majority of energy needs from solar energy (EnergieAgentur. NRW,
2012).

Passive and “plus energy” are the building designs of the future. Both systems are
highly efficient, superbly insulated building types that drastically reduce heat and energy
requirements. Thanks to the excellent insulation of the walls and ceilings, triple-glazed or
vacuum-insulated windows, and heat exchangers between ingoing and outgoing air, passive
buildings lose virtually no heat in winter. The main source of passive heating is the sun’s
radiation through large windows. Houses are equipped with heat recovery ventilation
systems. Such systems are only operational in airtight buildings because they recover heat
from the stale, warm air in the room and transform it to fresh, incoming air by means of a
heat exchanger (Wuppertal Institute, 2009). Consequently, very little additional heating is
required in these buildings.

The EU also recognizes the importance of saving energy in the building sector. In May
2010, the European Parliament and the Council of the European Union decided to strength-
en the energy performance requirements of new and existing buildings across the EU by
passing Directive 2010/31/EU. For new buildings, the EU has set 2020 as the deadline for
all new buildings to be “nearly zero-energy” (with an even earlier target for public build-
ings — the end of 2018). For existing buildings, Member States are required to draw up
national plans to increase the number of nearly zero-energy buildings, although no specific
targets have been set. Article 2 specifies the features of “nearly zero-energy buildings” as
follows: A “nearly zero-energy building” is a building that has a very high energy perfor-
mance. The nearly zero or very low amount of energy required should be covered to a very
significant extent by energy from renewable sources, including energy from renewable
sources produced on-site or nearby (Eceee, 2011).
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6.4.2 The Economics of Highly Efficient Buildings

Compared to standard construction (in this case the EnEV 2007), the added costs for new
passive house buildings are considerable. Depending on the individual building, the addi-
tional costs may be between 5 and 15 percent. On average, a passive house costs 8 percent
more than a house built on the basis of the 2007 Energy Savings Ordinance standard
(ibid).

If these additional investments are applied on an annual basis with a depreciation and
credit period of 40 years and a real interest rate of 4 percent, the result is an additional an-
nual cost burden of around € 6.50 per square meter for a passive building. This is balanced
by energy cost savings of almost € 6 per square meter in the initial year of investment
(Figure 6.7). Depending on the future price development, the average energy cost savings
over the 40-year period are around € 8.80 per square meter for the high-price path and
€ 7.40 per square meter for the low-price path. It is therefore certainly economically
attractive to invest in passive buildings, even if the energy cost savings over the first five to
eight years are below the additional charge incurred by taking out a higher loan.
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12 Average annual energy
cost savings over a
10 : 40-year pprind
Energy cost
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first year
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interest rate and over (0.08 €/kWh)
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Additional costs per year Energy cost savings per year

Figure 6.7. Costs and Benefits of New, Passive Building
(8% additional costs compared to the 2007 Energy Savings Ordinance)
Source: Own figure based on Wuppertal Institute, 2009

The costs and benefits of refurbishing older buildings differ to those of new buildings. The
additional costs and savings for more extensive thermal refurbishment (less than 35 kWh/m?,
which is close to the passive house standard) average around € 340 per square meter
(Wuppertal Institute, 2009). Of this amount, almost € 130 per square meter covers the ad-
ditional investment required to build more efficiently than specified by the 2007 Energy
Savings Ordinance standard. This additional investment can lead to even greater annual
savings of 70 kWh per square meter compared to a refurbishment based on the 2007
Energy Savings Ordinance. If the additional investment of almost € 130 per square meter
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for the more extensive refurbishment is made by taking out a loan with a real interest rate
of 4 percent and a loan period of 40 years, it yields an annual cost burden of € 6.60 per
square meter. At a final energy price of € 0.08 per kilowatt-hour, these costs are offset by
initial savings of € 5.60 per square meter. Throughout the life of the refurbishment, this
yields an average of € 8.50 per square meter for the high-price path, and € 7.10 per square
meter for the low-price path.?# An example of a building retrofitted to passive house
standard is given in Figure 6.8.
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* Annuity at 4% real interest rate
and over a 40-year period

Figure 6.8. Costs and Benefits of Retrofitting Buildings to Passive House Standard
Source: Own figure based on Wuppertal Institute, 2009

6.4.3 Policies and Measures to Improve Energy Efficiency in Buildings
Even though the passive house standard has been used in Germany as state-of-the-art
technology for several years, it is not yet common practice for new construction and
refurbishment. This may be due to differences between energy efficiency in appliances
and buildings. The major difference between appliances and buildings is the supply
chain in the construction sector. To produce highly efficient buildings, architects have
to cooperate with energy planners, builders and many other professionals and
suppliers. Furthermore, the financial requirement for investment is rather high and the
payback time relatively high. Other reasons for untapped efficiency potential in
buildings are:
« Many building owners lack investment capital, while others shy away from tying up
capital for a longer period of time.

24 The low-price path assumes a 1.5 percent real price increase in the cost of heating using oil and gas; the high-price path
assumes an increase of 2.5 percent per year (Wuppertal Institute, 2009).
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+ Landlords may not be able to pass on the added refurbishment costs to their tenants.

+ Many craftsmen, planners and consultants are unfamiliar with the passive house standard.

- The project may be profitable in the long run, but many investors want a short
break-even period and a high internal rate of return.

+ The benefits of the investment depend on how market prices for energy carriers
develop in the long run. Price uncertainty will mean that decision on current
investments are postponed.

Building owners may wait until grants or soft loans are offered to finance the investment.
This list is by no means exhaustive. Similar to energy policy in the electricity sector, energy
policy in the building sector needs a mix of instruments to overcome the obstacles.

LESS Inefficient Buildings

Minimum efficiency standard: Minimum efficiency standards and energy saving ordinances
for new and existing buildings may be one of the most effective energy-saving instru-
ments. However, standards cannot be realized immediately due to technical constraints.
Energy standards for buildings are especially important for market stakeholders, who can
be informed about energy use when purchasing or renting new apartments or offices.
Standards require a minimum level of energy efficiency. Most building standards are
directed at new buildings or major refurbishments of existing ones. Standards usually
cover insulation, air conditioning, lighting and, in some cases, mechanical equipment.
Standards must be introduced gradually, and architects, engineers and builders need to be
educated to ensure the standards are met.

Box 6.8: Energy Efficiency Standards for Buildings in Asia

For the past ten years, investments in highly energy-efficient buildings have
increased in Asia. Substantial government initiatives have been promoting
energy efficiency in buildings since 2000.

China has issued three new building standards in the past 12 years, and the
energy performance targets for new buildings have been gradually tightened.
Major cities have targets of 65 percent more efficient building standards at

the same comfort level compared with the 1980s. Furthermore, targets have been
introduced for retrofitting existing buildings in a bid to improve 25 percent of the
building stock.

India introduced its first national building energy standard in 2001. The aim was
to reduce energy consumption in new buildings by 25 to 40 percent. In Singapore,
commercial buildings, which have an outstanding energy performance, can be
awarded an “Energy Smart” badge.

Other South-East Asian countries also reviewed their housing standards during
the 2000s. In addition, Asian governments have introduced new regulatory

and non-regulatory policies to support greater efficiency in the building sector
(Wuppertal Institute, 2012).
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Energy tax: Investments to improve energy efficiency in buildings are usually a long-term
matter, hence the cost-benefit analysis of the project will depend on future energy prices.
Taxes on energy carriers can encourage investment in energy efficiency measures, while
energy consumption subsidies may discourage investment in energy efficiency projects.

MORE Efficient Buildings

Incentives: Soft loans are a common and effective incentive to foster energy efficiency in

buildings. Standards are recommended to supplement targeted financial incentives. Soft

loans with a long time range and low interest rates will encourage builders to invest in
energy-efficient buildings. To ensure the right incentives are given, soft loans should only
be granted if the construction or investment meets the required standard. For special meas-
ures such as vacuum insulation - a new technology that may not yet be cost-effective -
grants may be the most efficient way to encourage investors to apply such technologies.
Labeling and rating systems: In order to stimulate innovation in buildings, regulators can
introduce energy rating or labeling systems (an example of the German energy label for
buildings is depicted in Figure 6.9). Energy rating systems and labeling building perfor-
mance can be effective measures to encourage owners to go beyond obligatory minimum
standards. Energy use is usually one of the highest operating costs for building owners.

For tenants, energy costs more or less amount to a “second rent” The building label has

three main objectives:

«  To show a new tenant their future energy costs. Tenants compare rents, including energy
costs, when renting a house.

+ Low energy costs increase the value of the building, enabling owners to secure a higher
rent for the building if energy costs are low. With the efficiency label program, builders
would have an incentive to invest in energy efficiency measures.

« The energy label comes along with a set of possible improvements and the approximate
savings. It provides an estimate of potential costs and cost savings.
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Figure 6.9. Energy Label for Buildings in Germany
Source: Marco Klaue, fotolia.com

Box 6.9. Rating and Labeling System in Asia

A voluntary rating and labeling system has been adopted in Singapore, South Korea
and Hong Kong. Further measures, such as a green building rating and certification
system, often complement the rating system.

In South Korea, the Energy Efficient Labeling Programme for Buildings classifies newly
built or renovated residential buildings into grades between 1 to 3, depending on their
energy consumption. Buildings with a performance above a certain level can receive a
certificate and lower interest loans for construction (Wuppertal Institute, 2012).

Box 6.10. Green Building Programs

Another policy to encourage investors to go beyond the minimum requested energy-
efficiency requirements is the “Green Building Program”. In the past eight years, such

a scheme has been introduced in several Asian countries such as China, India, Hong Kong,
Singapore, Taiwan and South Korea.
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The Chinese “Evaluation Standard for Green Building” was introduced in 2006. The
requirements for the standard are similar to the US green rating system, Leadership in
Environmental and Energy Design (LEED). The Chinese Ministry of Construction
collects building energy consumption data, assesses energy performance based on
the standard, and issues the “Green Building Certificate”. The programme promotes
expertise in green building, involving the certification of projects by a professional
authority. To obtain a professional accreditation, a building project must meet a certain
number of prerequisites and performance benchmarks (Wuppertal Institute, 2012).

Information, education and demonstration: To meet new standards for sustainable new and
refurbished buildings, we need better education at all levels. All stakeholders, from archi-
tects, engineers and builders to investors and financial managers, must learn how to meet
efficiency standards for new and old buildings. This is a huge task, not only because new
architects and builders require training, but also because all existing architects who were
trained based on the old system need to be retrained to learn about the new energy system.
This means that they have to change their mindsets and attitudes on design and construc-
tion. The education of architects differs to that of engineers and other professionals, but
all stakeholders must work together to avoid inefficiencies and achieve new building
standards, such as the passive house standard.

Raising awareness of energy efficiency should begin at school. To this end, new school
curricula are required, as well as instructors who are able to teach these new subjects.
Demonstration projects will also help to achieve the transformation to more efficient
buildings. Demonstration gives builders and building professionals the opportunity to learn
about new materials and technologies, and to apply more efficient electrical equipment.
Such projects show professionals and the public that sustainable buildings are possible
and, in many cases, have positive net benefits for individuals and society.

In a democratic society, decisions that make a strong impact on the economy and society
can only be made if they are acceptable to the public. On the other hand, people can also
influence decision-makers and other stakeholders, encouraging them to adopt policies
and take action to improve the environment. For this reason, information awareness
strategies should not only include the building sector, but also society as a whole.

Procurement and public buildings: Governments own and operate numerous buildings,
which means that public procurements and operation can influence the market signifi-
cantly. Governments can support good practices by demanding higher efficiency stand-
ards than the minimum level. New building codes will require considerable effort on the
part of private investors and all of the organizations involved. If climate protection policy
is declared a central goal of government policy, it should also be expressed in such a
way that local and state governments use their own buildings as lighthouse projects for
sustainable construction.
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Box 6.11. Public Procurement in Frankfurt am Main

The city of Frankfurt passed a council resolution requiring the city and, in particular,
the housing association in which the city owns a majority interest, to impose the
passive house standard for all new municipal constructions as well as for public-private-
partnership projects and refurbishments. Only in exceptional cases may buildings

be built or refurbished to a lower efficiency standard. This makes Frankfurt one of the
first municipalities in Germany to routinely use the passive house standard as the
building design.

Development of NEW and MORE Efficient Buildings

Research and development: Companies have no interest in further developing materials
and technologies if there is no market for them. To foster the development of new and
more efficient technologies, the government can provide funds to promote research and
development in these technologies, as well as incentives to apply these new technologies in
the building sector. In addition, policies such as tax credits and targeted university/industry
findings are important to encourage companies to invest in research and development.

Box 6.12. Special Programs for Government Buildings in Asia

Governments own and operate numerous buildings. Public procurement and
operation can therefore influence the market significantly. Governments can support
good practices by demanding higher efficiency standards than the minimum levels.
This model is common in Asia. Energy efficiency programs for government buildings
have been introduced in China, India, Hong Kong, South Korea, the Philippines,
Singapore and Taiwan.

The Philippines launched its “Enercon Program”in 2000, which aimed to make
government buildings a showcase for energy efficiency. The program required all
government agencies, bureaus and offices to reduce their annual electricity and
heat consumption by at least 10 percent. The participants had to report improvements
monthly. The aim of the program was to recognize agencies in all government
facilities that achieve this objective. The Government Energy Management Program
implemented further energy-efficient technologies in all government facilities. The
“Energy Spot Checks” program seeks to introduce energy ratings for national
government agency buildings. These energy ratings are displayed in the entrance areas
of the buildings as an information and marketing measure (Wuppertal Institute, 2012).

As was the case with electricity efficiency, no one instrument or policy measure will lead
to a sustainable energy path in buildings. Instead, a set of coordinated policies and instruments
is necessary to make the desired changes possible. As investments in buildings will have a
long-lasting impact for the next 40 or 50 years or more, it is important to implement climate
change policy immediately. Otherwise, the opportunity of investing in new and refurbished
buildings may be lost for decades in the case of new and renovated buildings with low
standards. Demonstration projects, targeted R&D, skill enhancement and training, and
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energy audits can help raise public awareness of new building standards. A skilled work-
force is a necessity to ensure the long-term success of such undertakings.

Box 6.13. Pilot Project: Chinese Sustainable Energy Program
In order to promote the implementation of energy efficiency policies at the local level,
the Chinese government has chosen seven cities (Shanghai, Beijing, Shenzhen,
Chongging, Fuzhou, Xiamen and Tianjin) as pilot cities to develop local building energy
management systems. The “Chinese Sustainable Energy Program” is a major
component of these pilot projects. The aim is to advertise and promote energy-efficient
technologies and practices. Pilot projects include:

- Establishing the best design system for energy efficiency in buildings

« Devising local building codes

- Implementing an energy-efficient building rating and certification system

- Training architects and engineers

- Promoting the development of an energy-efficient materials and products market
(Wuppertal Institute, 2012).

6.5 Energy Efficiency in Iran

6.5.1 Background
High energy consumption and its rapid growth in Iran is a major concern to policy-makers
because of budgetary pressures, environmental damage, and high opportunity costs. If the
current trend of energy consumption continues, the country’s oil and natural gas exports,
which are major source of revenues, will fall dramatically, causing serious economic and
social problems. It will also add to the already high level of pollution in large cities,
exacerbating health and social problems. The scenario analysis presented in Chapter 4
shows that the increasing trend of energy consumption can be controlled by adopting a
series of efficiency policies in different sectors of the economy. However, the study does
not go into the details of energy efficiency measures. This section aims at identifying the
energy efficiency problems and reviewing the measures and policies that can help increase
energy efficiency in Iran. The focus will be on the household sector, which consumes more
than one-third of total energy consumption and has a great potential for energy saving.
Using about 40 percent of the final energy, household, commercial and public sectors
together are the largest energy consumers in Iran. The final energy use by these sectors
has been growing by about 6 percent per year (2 percent faster than the total final energy
consumption) since 1995, and is expected to strongly increase by 2030 under the Busi-
ness-as-Usual (BAU) scenario (Table 3.20 in Chapter 3). The main factors driving the rapid
increase in energy consumption in Iran are economic growth, an increase in population
and low energy prices due to government subsidies. Households, commercial and public
sectors use about 20 percent of total oil products, 65 percent of natural gas and 50 percent
of total electricity consumption (Energy Balance, 2010). The sector’s energy consumption

148



Sustainable Energy Strategy for Iran Policies to Promote Energy Efficiency

pattern has changed markedly since 1990 because of the government’s policy of substituting
oil products with natural gas. Household consumption of oil products has increased on
average by about half a percent annually, whereas the consumption of natural gas and
electricity has increased by 19 and 6 percent per year for the past 15 years, respectively. As
the BAU scenario study shows, household demand for kerosene and LPG by 2030 will
decline on average by 6 percent and 1 percent per year, while the demand for gas oil and
natural gas will increase by 1.7 and 3.5 percent per year, respectively. Electricity consumption
in the sector will also increase on average by 3.8 percent per year.

The energy (fuel) services consumed by households in Iran consist of 71 percent heat,
22 percent hot water and 7 percent cooking. These services are provided by natural gas in
most cities, and gas oil and kerosene in a number of rural and remote areas. Electricity is
used for lighting and appliances. Lighting and cooling appliances (refrigerators and freezers)
are the major components of household electricity use, comprising 24 and 32 percent of
the total electricity use by an average urban household, respectively. The shares of air
conditioning and TVs/computers in household electricity consumption are 13 percent
each. The scenario study also shows that household use of electricity by appliances such as
TVs, computers, coolers (air conditioners), microwaves, tea/coffee makers, irons, washing
machines, dishwashers, freezers and low-consumption lamps will grow on average
between 2 and 17 percent per year until 2030. An increase in income, a continuous trend
in urbanization and the associated change in lifestyle are the main factors behind the new
patterns of the use of appliances in households. Figure 6.10 shows current and projected
energy consumption patterns in Iran.

The energy consumption trend by households can be controlled by a mix of price and
non-price policies. In this section, we focus on non-price energy efficiency policies; price-
led policies will be discussed in detail in Chapter 8.

| 7%=

2010 2010 2030
Household Fuel Household Electricity
Consumption Consumption
M Heat [ Lighting M Fridge/Freezer
[ Cooking M Cooling TV/Computer
M Hot Water M Others

Figure 6.10. Household Fuel and Electricity consumption
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6.5.2 Energy Efficiency Policies in Iran

Energy efficiency is a relatively new concept in Iran. Although there have been some regu-
latory measures and activities with respect to energy efficiency, a consistent and system-
atic approach for designing energy efficiency policies and enforcing mechanisms has been
lacking. The establishment of IFCO and SABA?® as energy efficiency organizations was
one of the major steps taken towards providing education and training, and raising public
awareness of energy efficiency standards in different sectors. Furthermore, the long over-
due energy price reform, as a prerequisite for any energy efficiency policy, was also an im-
portant step forward towards addressing Iran’s energy efficiency problems. However, a
small organization with limited authority and a tight budget is unable to cope with the
scale of Iran’s energy efficiency problems. Although the energy price reform was also
necessary for initiating energy efficiency policies, flaws in the design and execution of the
policy meant that the expected impacts of the reform on energy consumption and effi-
ciency did not fully materialize (see Chapter 8). To achieve energy efficiency targets, as
discussed in the previous section, no one policy alone can succeed; a package of policies,
including price and non-price measures and regulations and incentives, will be required.

Price reform is the principal component of any energy efficiency policy, particularly in
countries such as Iran, where energy prices are heavily subsidized. However, non-price
mechanisms are equally important as price reforms, since the market system alone may
not be able to promote efficiency in energy markets. For instance, energy-saving projects
such as the production or purchase of high-efficiency appliances or combined heat and
power plants have high pay-offs, but require significant initial investment costs and, therefore,
take longer to break even than normal projects. If firms or households are under liquidity
constraints and the financial system is incapable of providing liquidity and reducing
risks, efficiency saving opportunities will probably not be seized by the private sector on
the market. Another barrier to energy efficiency is the ownership-tenant relationship,
which may also impede business investments in energy efficiency projects. Landlords have
no incentive to invest in higher efficiency buildings and appliances, because they are
unlikely to reap the benefits from energy savings. A lack of public knowledge and aware-
ness of the private and social costs of high energy subsidies and consumption and the
potential benefits of energy efficiency investments are important factors that contribute to
high energy consumption and low efficiency. Furthermore, energy saving projects have
positive spillovers to society by contributing to sustainability and a better environmental
quality. However, the market system fails to allocate resources efficiently when social
returns exceed private returns. The government can incorporate social costs and social
benefits into the cost-benefit analysis, which would make energy efficiency projects
economically feasible.

In general, the government can adopt policies to reduce the production costs of energy-
intensive products, to increase demand for energy efficient products, or a combination of
both. Some of the policy measures the government can take to promote energy efficiency
on both the supply and demand sides are:

25 IFCO (Iranian Fuel Conservation Organization) and SABA (Iran Energy Efficiency Organization).
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Monetary incentives for producers who adopt energy efficiency measures through
« Tax rebates
+ Long-term low-interest loans
+ Flexible pricing of products
+Access to foreign exchange at preferred rates
Non-monetary incentives for producers who adopt energy efficiency measures by
+  Transferring know-how
+ Providing on-the-job training programs
- Small loans to households for the purchase of new, efficient appliances
« The buying back of old inefficient appliances from households
Distribution of inexpensive low-consumption lamps
- Formal and informal education on energy efficiency and know-how
Public awareness of energy efficiency, its impacts and how to achieve it
- Loans and technical assistance for retrofitting old buildings
- The setting of examples for energy-efficient buildings.

There is a huge potential for improving efficiency in the use of energy by the household,
commercial and public sectors in Iran. The main areas where efficiency can be increased
are building standards, appliances, raising public awareness and providing education.
Since these measures cannot be initiated by the market, government policies are required.
Fortunately, the recent energy price reform, which cut energy subsidies, has increased in-
centives to use energy more efficiently in various sectors. However, since the price reform
has its own limitations, some of which are discussed above, it cannot solve the efficiency
problem alone. It is therefore essential that the price reform policy is implemented along
with other complementary non-price policies. Some of these policies with regard to energy
efficiency in building and appliances include:
« Codes for new, high-efficiency buildings
+ Regulations and incentives for producers of building materials
- Regulations and incentives for contractors

Regulations and incentives for owners
- Education (formal and informal)
+ Research and development
+  Monetary and non-monetary incentives for retrofitting old buildings
- Efficiency labeling for appliances

Regulations and incentives for producers
- Regulations and incentives for consumers.
We analyze energy efficiency policies in buildings and appliances in more detail below.

Energy Efficiency in Buildings

Households and the commercial sector use 37 percent of the total energy in Iran (Energy
Balance, 2010). The average energy use in buildings is 310 kWh per square meter per year,
which is 2.6 times more than the energy use in developed countries (120 kWh). House-
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holds in Iran typically use most of their energy for heating/cooling, lighting and cooking.
The main areas that contribute to energy waste in buildings are floors, walls and ceilings
(31%), ductwork (15%), chimneys (14%), plumbing (13%), doors (11%), windows (10%),
ventilation fans (4%) and electricity outlets (2%). Since the heating system and the building
envelope are the main sources of energy waste, major efforts should be made to improve
heating systems for existing and new buildings, as well as exterior materials and insulation,
particularly for new buildings.

For the existing building stock, improvements in the heating system would lead to huge
energy savings. Space and water heating currently comprises more than 90 percent of the
fuels used in residential buildings. Heating systems differ, depending on the type of building.
Most old buildings use kerosene or natural gas boilers. Large buildings often use fan coils
for dual purposes (heating and cooling).

There are one million boiler rooms in the country, 30 to 40 percent of which are installed
in Tehran. These boilers are usually used to provide space heating and water heating services.
The boiler rooms’ structure and poor maintenance are the major factors contributing to
energy waste in buildings. Heating systems in boiler rooms are rather complex and difficult
to monitor. There are many pipes, valves and other equipment that needs to be monitored
and adjusted manually on a regular basis.

One of the problems with current heating systems is that if the system generates heating
water, it also generates a lot of heat that cannot be utilized. This is particularly important
on mild and warm days (215 to 275 days, depending on the region) when there is no need
for space heating. In addition, monitoring the running time of boilers when they are not
needed for heating services would increase energy efficiency in buildings. This can be
done by installing automatic intelligent control devices as part of the heating system, en-
abling the indoor temperature to be adjusted automatically with the outdoor temperature.
Retrofitting boiler rooms, which are relatively similar throughout the country, to enable
the heat generated to be utilized in the building would save substantial amounts of energy.
It is estimated that a 1 degree Celsius reduction in ambient room temperature would lead
to a 7 to 8 percent reduction in energy use.

Radiators are also commonly used to heat rooms in Iran, but these are regulated
manually. Installing thermostats on radiators would enable residents to monitor the heat
service more efficiently, saving energy. This is particularly important in public buildings,
where manual monitoring is ineffective. New radiators (packages) used in small apart-
ments and commercial units have thermostats, enabling the heating level to be monitored
automatically.

The notion of energy efficiency is almost foreign to the building and construction in-
dustry in Iran, but mindsets have started to change, thanks in part to the recent energy
price reform. In addition to poor materials and designs, there is a lack of knowledge and
skills and a shortage of energy efficiency experts in the construction industry. Although
there are new regulations and codes for energy efficiency in buildings, they are inconsistent,
and there is lack of coordination between stakeholders. Enforcing the regulations is also a
major challenge due to constantly changing regulations, multiple agents being responsible
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for monitoring, and large-scale corruption. Builders are required to observe the regulations,
but it is hard to assess the extent to which regulations are adhered to. Energy efficiency
regulations for buildings are an essential component of achieving an efficient energy
system, but they must be accompanied by a strict enforcement system and a series of price
incentives. Otherwise, people may continue to ignore the regulations.

The potential energy savings generated by improving heating systems are 50 to
60 percent, which equates to 157 kWh/m?. A back-of-the-envelope calculation shows that
energy efficiency measures applied to 424 government buildings with an average area of
3000 m? would save US$ 86 million and avoid 0.61 million tons of CO, emissions over
15 years. Installing solar water heaters for pre-heating in buildings would also save energy
and reduce CO, emissions. If solar water heating systems were installed in government
buildings, they would save US$ 27 million and reduce CO, emissions by 0.19 million tons
over the next 15 years. Overall, retrofitting existing boiler rooms and installing solar water
heating systems in government buildings would save a total of 375 million m? natural gas,
which translates to a saving of US$ 113 million, and reduce CO, emissions by 0.8 million
tons (UNDP, 2010).26

Chapter 19 of the “National Regulations for Building”, which was passed by the govern-
ment in 1991 and amended in 2000, introduced new building codes for energy savings in
buildings. The Ministry of Roads and Urban Development is responsible for monitoring
these regulations. The energy-saving regulations must be applied to new government
buildings and all private buildings in the country by 2014. The regulation covers the fol-
lowing areas:

Insulation of exterior walls
- Double-glazed windows

Insulation of pipes and plumbing
- Installation of a control system such as thermostats on radiators
- Installation of a central control system to monitor temperature.

Building permits are issued by the city based on the Energy Checklist and other information
on the cooling/heating system, ventilation system, water heating and lighting system to
ensure that the regulations are observed.?’” Following on from Article 20 of the Fourth
Development Plan and Chapter 11 of the Policies for Consumption Pattern Reform and
Energy-Intensive Equipment Standards, a proposal was put forward by a joint committee
involving the Ministry of Oil and the Ministry of Energy for using energy efficiency labeling

26 The following assumptions are made: the heating value of each cubic meter of natural gas = 10.46 kWh, C0, emissions for
each million m3 natural gas = 2,133 tons. Each solar power system contains 20 collectors, and each collector saves 700 m?
natural gas. The price of natural gas is assumed to be US$ 0.30 per m3.

27 The owner of the building must apply to the city for a construction permit. Once the permit has been issued, the city audits
the building at different stages of construction to ensure that the requlations have been observed. Energy efficiency permits
are quite new, and there is no data to verify how and to what extent the requlation is enforced. Based on the overall regulato-
ry quality, however, the regulations will probably not be complied with fully.
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for buildings. According to this proposal, an energy efficiency label would have to be ob-

tained and installed for new buildings. The regulation would cover all small and large pub-

lic and private buildings, but would initially be implemented in public buildings and other

buildings under construction. Energy efficiency labeling would grade buildings from A to G

based on their energy consumption. Buildings that fail to adopt the minimum energy

efficiency measures would not be awarded a label. Here are some examples of policies that
could help to improve energy efficiency in buildings:

+ Revise building codes to incorporate energy-saving measures, particularly with respect
to heating systems, exterior walls, insulation, windows, air ducts and chimneys, taking
into account regional characteristics.

+ Regulate the manufacture of boilers and help the boiler industry to adopt new tech-
nologies that reduce unwanted heat in the water heating process.

+ Provide knowledge and financial support for retrofitting existing buildings, adopting
energy efficiency measures.

- Train professionals, engineers and builders so that they can implement the energy effi-
ciency regulations. Energy efficiency can be included in the school curriculum - in a
general form at elementary schools and in more specialized courses and programs in
higher education.

- Raise public awareness of energy-saving methods in buildings and the effect they have
on the local and global environment. Incorporating useful information and guidelines
about the use of energy and how to reduce energy consumption and emissions in energy
bills would be an effective way of raising public awareness. The government can start
implementing energy-saving measures in its own buildings to set an example to the
public.

- Support the production of solar water heating systems for use in urban and rural
buildings.?®

Energy-Efficient Appliances

Appliances are the second most important source of high energy savings in the residential
sector. Although a number of policies to improve the energy efficiency of appliances have
been implemented by different organizations, the potential for energy savings in this area
is very high. Appliances currently used in Iranian households are rather old, and the market
share of low-efficiency appliances produced domestically is high. The first step taken by
the Institute of Standard and Industrial Research of Iran (ISIRI) was to create energy
efficiency labeling for different appliances based on the European model. According to the
regulation set by ISIRI, energy efficiency labeling is now mandatory for all electrical
appliances. There is also an efficiency labeling requirement for gas heaters and gas water
heaters, calculated using the following formula:

28 IFCO has already initiated the installation of 2,100 baths heated by solar water heating systems in remote rural areas, and has
provided assistance in the manufacture of solar-powered water heating systems.
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Qs =[(A0 - AE)/A0] x 100

where A0 = 28,900 MJ is the base annual energy consumption for a gas water heater, AE is
the actual energy consumption and Qs is the savings in percent compared to the reference
system. Table 6.2 shows the grading results for gas water heaters.

Table 6.2. Energy Efficiency Ranking for Gas Water Heaters

Grade Energy Saving (Qs, %)

A Qs >35
B 28 -35
( 21-28
D 14-21
E 7-14

F 0-7

G -20-0
Not Acceptable Qs< -20

Source: SABA, 2012

The energy efficiency label should have a specific size with predefined colors for each
energy category, and must be installed on both packaging and the appliance itself. Energy
efficiency labels for refrigerators and freezers are also determined based on the efficiency
index as follows:

I = Annual Energy Use/Standard Energy Use

The efficiency ranking of a refrigerator or freezer is then determined based on the standard
energy use, which is about 361.2 kWh per year for a refrigerator with an effective volume
of 250 liters. The appliance is more efficient if it uses less energy than the standard level

calculated for that appliance. The ranking is listed in Table 6.3.

Table 6.3. Enerqy Efficiency Ranking for Refrigerators and Freezers

Grade I: Efficiency Index (%)
A <55
B 55-75
C 75-90
D 90 - 100
E 100- 110
F 110- 125
G 125- 140
Not Acceptable >140

Source: SABA, 2012

In the following section, we review a number of case studies that are important for energy
efficiency in appliances in Iran.
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Refrigerators and Freezers

There are 18 million refrigerators, freezers and fridge-freezers in Iran, and about 2 million
units are added to the stock each year. Domestic products comprise 65 percent of the market;
imports represent 35 percent. The ratio is 50:50 when values are taken into account. The
average lifetime of a refrigerator or freezer in Iran is 12 years. 44 percent of refrigerators and
freezers in Iran have no efficiency ranking, which implies that their grades are below G.
Figure 6.11 shows that about 37 percent of refrigerators and freezers are between D-G, and
only 0.29 percent are class A (Ismaielnia, 2010). The high share of low-grade refrigerators
and freezers in Iran reflects a high potential for energy savings in this market. Table 6.4
shows the energy consumed by a typical refrigerator or freezer for different efficiency grades;
the potential energy savings generated by improving the efficiency grade; and the net present
value of savings. Domestic products have grade B or less; foreign products are graded C or
above. The average lifetime of a refrigerator is assumed to be 12 years, with a real interest
rate (nominal interest rate minus inflation rate) of 5 percent and an inflation rate of
10 percent. It is assumed that the price of electricity will rise in line with inflation for the
sample period. The results show that the net present values for switching to grade A from
a lower grade are positive for domestic appliances, ranging from 0.209 to 3.394 million rials
(US$ 17 to 282 at the official exchange rate in 2012), and negative but negligible for
foreign products (0.205 to 0.431 million rials or US$ 17 to 35).

Table 6.4. Net Present Value of Investment in High-Efficiency Refrigerators

Energy Savings | Price Difference Net Present Value
Consumption |(thousand (thousand rials) (thousand rials)
Domestic Foreign Domestic Foreign

A 304.039

B 359.974 72.7 1,140 -431

C 456.890 198.7 500 2,140 209 -205

D 526.116 288.7 700 1,237

E 581.496 360.7 800 2,014

F 650.722 450.7 1,000 2,516

G 733.793 558.7 1,000 3,394

Note: The fridge-freezer is a 60/40 unit with a 365 liter capacity. Domestic fridge-freezers are grade B and below; foreign fridge-freezers
are grade Cand above. Price differences are a rough estimate for the same size, but other factors such as brand name effect are not
controlled for. The average lifetime of the fridge-freezer is assumed to be 12 years, the real interest rate 5 percent, and the price of
electricity 1,300 rials per kWh, which increases by 10 percent annually due to inflation.

Sources: Tavanir, 2012; Ismaielnia, 2010; authors’ calculations.

Although electricity prices in Iran do not yet reflect the actual marginal production cost,
the net benefit of purchasing higher efficiency refrigerators is positive for domestic
products and almost zero for foreign products. This implies that the government can
encourage consumers to trade in their old refrigerator for a new high-efficiency unit by
providing a subsidy towards the purchase of a new refrigerator. The policy would increase
the market size for high-efficiency refrigerators, which would bring down the price of
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high-efficiency refrigerators (economy of scale), ultimately saving energy and money while
receiving the same service. However, as the survey results in Table 6.5 indicate, consumers
give little consideration to energy consumption and savings when purchasing a new refrig-
erator or freezer (Ismaielnia, 2010). The survey results show that more than two-thirds of
consumers consider the appearance and price of fridges and freezers to be more important
factors in their purchase decision than energy aspects. Energy efficiency is not a significant
factor for about two-thirds of potential buyers. Reasons for the lack of importance attached
to energy efficiency in purchase decisions for refrigerators and freezers may be the low
energy prices before the energy price reform; the higher cost of purchasing high-efficiency
refrigerators and freezers; budget constraints; and a lack of awareness of the potential for
high-efficiency products to save energy. Sallee (2013) argues that households’ lack of regard
for energy efficiency may be their optimal reaction to the high costs involved in obtaining
detailed information about energy efficiency. This implies that the policy should seek to
reduce the cost of obtaining attention, rather than incentivizing it. For example, current
energy efficiency labeling requires effort in the form of calculating the costs and benefits
associated with each efficiency level and the monetary amount saved given the utilization
rate of appliances in a specific household. Households may pay more attention to energy
efficiency labeling if they received information about efficiency savings in a more straight-
forward manner, involving less time and effort.

A 0,29%

7%
B
\ET

Figure 6.11.The Share of Fridges/Freezers with Different Energy Efficiency Grades in Iran (%)
Source: Ismaielnia, 2010
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Table 6.5. Important Factors Concerning the Purchase of Refrigerators
and Fridge-Freezers by Consumers (%)

Feature Very High High Medium Low
Refrigerator

Appearance 21.3 38.1 35.8 4.8
Price 20.8 333 45.9 0
Energy Consumption 13.0 26.1 41.3 19.6
Fridge/Freezer

Appearance 23.8 53.8 19.9 2.5
Price 11.3 413 34.9 12.5
Energy 18.7 38.7 35.9 6.7

Source: Filor and LG, cited in Ismaielnia, 2010

One of the policies to promote the use of more efficient appliances is to subsidize pro-
ducers of high-efficiency products. A cost-benefit analysis shows that the net benefit of
subsidizing high-efficiency refrigerator/freezer production is positive. Specifically, the
policy can aim at increasing the level of efficiency from below D to above C (33% C, 33% B
and 33% A). The policy would involve providing subsidies to domestic producers based
on increments to a higher efficiency grade. The subsidy amount would be equal to the
energy savings generated by the more efficient refrigerator over a period of five years. If
the average lifetime of a refrigerator or freezer in Iran is assumed to be ten years and the
price of electricity is 1,010 rials/kWh, with a 12 percent interest rate the net discounted
value of subsidies would be 5,242 billion rials. The benefit-cost ratio would be 3.42 and
the internal rate of return 117.8 percent. The project would take 48 months to break even
(Ismaielnia, 2010).

A subsidy program may not be the best solution because it could generate disturbances
in the market. If there is an opportunity in the energy efficiency market, profit-maximizing
producers would soon learn about it and there would be no need for the government to
intervene in this field. However, in many developing countries such as Iran, barriers such
as red tape,?® price controls, weak financial institutions and uncertainties about macro-
economic policies on exchange rates and trade prevent the market from working efficient-
ly. The best solution would therefore be for the government to eliminate or reduce such
barriers. In the short run, however, a well-designed and well-implemented subsidy program
may be an effective way to increase efficiency.

Washing Machines

In a survey conducted by SABA in June 2012, a total of 489 participants in two different
seminars responded to a series of questions on the appliances used deployed in their
households. The results for washing machines show that almost every household has a
washing machine, and that about 80 percent of these devices are ten years old or less.3°

29 Rigid conformity to formal rules and/or excess requlatory requirements.
30 The sample may not be representative because the average age of the participants was 38 and most of the appliances were
between one and ten years old. This may indicate that the participants belong to new households.
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They also indicate that 22 percent of these washing machines are grade A, 39 percent grade B
and about 30 percent C or below. Table 6.6 shows the energy saving potential that could be
generated by improving washing machine grades in Iran. There are a total of 10 million
washing machines in Iran. Assuming that the energy efficiency ranking structure in Iran is
identical to that used in the survey, the total electricity savings from improving washing
machines to grade A would be 209 GWh, which is more than 18 percent of the total elec-
tricity consumed by washing machines in Iran. The present net benefit of switching from a
grade B to a grade A washing machine is positive (67,411 rials or US$ 6), making it econom-
ical to invest in more efficient washing machines.3!

Table 6.6. Energy Auditing Survey for Electricity Consumption by Washing Machines

Number of |Grade Share |Electricity Energy Total Energy
Washing (%) Consumption |Electricity Savings per |Savings (kWh/
Machines per Appliance |Consumption |Appliance year)
(kWh/year) (kWh/year)

A 40 21.7 118.5 4,742

B 72 39.1 143.5 10,333 25 1,798

C 19 10.3 168.5 3,201 50 948

D " 5.9 193.5 2,128 75 824

E 3 1.6 2185 655 100 300

Note: Energy savings are generated by upgrading washing machines with grade B and lower to grade A. The average utilization rate is
twice a week, the average cycle per use is 2 hours, and the washing machine’s average capacity is 6 kg.
Source: SABA, 2012; authors’ calculation.

Other appliances

Table 6.7 shows the results of the survey concerning the energy efficiency of appliances
used by 489 households. The energy saving potential that can be generated by upgrading
dishwashers and water coolers seems to be substantial. About 60 percent of dishwashers
are older than ten years and are classified as grade B or lower; 40 percent of water coolers
are grade C or lower. All water coolers are produced domestically. They have a low energy
efficiency ranking, even though 70 percent of them are less than ten years old, suggesting
the need for technological improvement.

31 The real interest rate is 5 percent, inflation rate 10 percent and the lifetime of the machine 12 years. The price of electricity
is 1,300 rials/kWh, which increases in line with inflation. The price of a 7 kg grade A Bosch washing machine is about 1.663
million rials; the difference between grade A and grade B is assumed to be 15 percent.
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Table 6.7. Electricity Consumption by Household Appliances (2012)

Number of |Energy Efficiency Grade (%) Age (%)

Items per Cand Lower |1-10Years  |More Than
Household 10 Years
22

Dish Washer 0.4 20 58 40 60
Water Cooler 0.7 40 70 30
Air Conditioner 0.4 80 20
Tv* 1.1 72

Computer 1.0 85

DVD 0.6 82

Others (Microwave,

Toaster, Tea/Coffee

Maker, etc.) 1.2

*The average time spent using the TV, computer and DVD each day is 7, 2 and 1 hours, respectively. More than 50 percent of TVs are
larger than 40”; the three most popular makes are Samsung, Sony and LG.
Source: SABA, 2012.

It is not possible to obtain an exact calculation of the energy savings generated by upgrading
appliances because data on appliances used by households and their energy efficiency
ranks is not readily available. However, we can estimate the energy savings generated for
different appliances using the aggregate data and standards. Table 6.8 shows the energy
consumed by appliance and the average energy efficiency grade in 2009. Given the quantity
supplied (domestic production and imports) of each appliance, we can estimate the energy
savings generated when the energy efficiency grade is improved to A or A+. The total
energy saved by upgrading existing appliances to grade A or A+ would be 1,400 million
kWh per year, which is equivalent to 0.83 BOE.3? Given a real price of US$ 50 per barrel
of oil, energy savings would be US$ 42 million per year.

32 A potential rebound effect is not taken into account.
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Table 6.8. Energy Savings Generated by Upgrading Energy Grades of Appliances

Efficiency [Energy Use |Grade

Refrigerator/Freezer 404 D 235.70 A 1,730,734 291.28
(kWh/year)

Dish Washer 023 B 0.19 A 857,436 12.35
(kWh/kg)

Water Cooler (EER)* 23 |G 65 A+ 1,015,749 841.24
Tea Maker (Wh/lit) 118 D 105.60 A 1,009,915 25.25
Iron (kWh/year) 7880 E&D** 52 A&D*** 673,000 18.04
Electric Heater 3900 |D 3200 A 644,218 162.34
(Wh/d)

Electric Water Heater 477 D 2.04 A+ 80,400 65.85
(kWh/d)

Total 1416.35

* EER = kW cooling/kWe*100

** E: dry, 30.14 kWh/year, D: steam, 99.7 kWh/year

**% A:dry, 10.5 kWh/year, D: steam, 69.8 kWh/year

The total energy savings are calculated as the difference between the total current energy use (current energy use multiplied by
quantity supplied) minus the total target energy use (target energy use multiplied by quantity supplied).

Source: Institute of Standard and Industrial Research of Iran (ISIRI)

6.6 Conclusion

The scenario study for energy consumption in Iran shows that total energy consumption
will almost double over the next 25 years under the BAU scenario. This will certainly re-
duce Iran’s ability to export oil and natural gas, and will affect its economic performance
dramatically. However, the Efficiency scenario results indicate that adopting an active and
ambitious energy efficiency strategy would enable Iran to reduce its domestic energy de-
mand by more than 40 percent. According to these results, the residential sector is the
major source for saving energy in Iran, of which the heating system and domestic appliances
are the two most significant areas where energy efficiency can improve significantly.

In this chapter, we reviewed the energy savings that can be made in the household sec-
tor by focusing on residential buildings and appliances, and analyzed energy efficiency
policies in these areas in more detail. Although the energy price reform, which was intro-
duced in 2010, was intended to curb the growing trend of energy consumption in Iran, it
has been unable to increase energy efficiency because it was not accompanied by non-
price energy efficiency policies. Hence there is still great potential for more efficient energy
use in Iran.
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We also showed that energy efficiency policies are an effective way of reducing energy
consumption and increasing environmental quality. Most of the energy efficiency policies
generate net economic and social benefits, particularly in the medium and long term;
government support for energy efficiency projects are therefore wholly justified. Energy
efficiency policy should be at the heart of the energy price reform, and revenues generated
by raising prices should be allocated to energy efficiency projects in different sectors
instead of used as nationwide cash handouts. For example, the revenues generated from
raising prices could be allocated in order to promote energy-efficient products and
systems by providing support on the supply and demand side. In time, such a policy would
generate double benefits, because the growth in energy demand would be mitigated more
effectively, and both private households and industry would benefit from lower energy
bills due to reduced consumption levels.

In order to achieve the Efficiency scenario targets, a series of non-price policies are
also required. For instance, the government could allocate resources to train skilled work-
ers to implement energy efficiency measures in buildings and to raise public awareness of
energy efficiency. The government could also build capacity in the private sector to
encourage its involvement in energy efficiency projects on a small and large scale. In order
for Iran’s energy reform to succeed, there must also be an improvement in energy efficiency
regulations, better coordination between different government agencies, and an effective
enforcement of regulations.
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7.1 Introduction

The global average efficiency of fossil fuel-fired power plants is less than 40 percent. Two-
thirds of the primary energy is lost through conversion, transportation and distribution
processes; only around one-third of the primary energy reaches end users in the form of
electricity. The majority of power plants do not utilize “waste” heat, which is a by-product
of electricity production in thermal power plants. More than 40 percent of global CO,
emissions are related to electricity and heat production (IEA, 2014). These CO, emissions
could be reduced by using combined heat and power (CHP) technology or by trigeneration
(combined cooling, heat and power — CCHP).

Combined heat and power production can achieve much greater energy efficiency
compared to the separate generation of heat and power, saving between 10 and 40 percent
on fuel input (Madlener and Schmid, 2003). The heat created as a by-product heat can also
be used for cooling. Such set-ups can therefore offer considerable energy savings and a re-
duction of greenhouse gases compared to separate heat and electricity production.

There is a large variety of cogeneration or trigeneration technologies and applications
that can be used under various circumstances for different businesses. Continuous heat
(or cold) demand is ideal for CHP utilization. Several industry branches as well as private
and public services (e.g. paper, food and textile processing, laundries, hotels, hospitals,
schools and administration buildings) therefore offer ideal conditions for applying this
technology. Table 7.1 shows that CHP can be used in many different forms and on a broad
scale.

163



Combined Heat and Power (CHP)

Sustainable Energy Strategy for Iran

Table 7.1. Potential Uses of Cogeneration Technology in Different Industries

Feature

Typical customers

CHP
Industrial

Chemicals, pulp and
paper, metallurgy, heavy
processing (food, textiles,
timber, minerals),
brewing, coke ovens, glass
furnaces, oil refineries

CHP
Commercial/
Institutional

Light manufacturing,

hotels, hospitals, large
urban office buildings,
agricultural operations

District Heating
and Cooling

All buildings within reach of
heat networks, including
office buildings, individual
houses, campuses, airports,
industry

Ease of integration
with renewables

Moderate — high
(particularly industrial

Low — moderate

High

and waste energy | energy waste streams)
Temperature level | High Low to medium Low to medium
Typical system size | 1—500 MW, 1 kW — 10 MW, Any

Typical technology

Steam turbine, gas
turbine, reciprocating
engine (compression
ignition), gas combined
cycle (larger systems)

Reciprocating engine
(spark ignition), Stirling
engines, fuel cells,
micro-turbines

Gas engine, steam turbine,
gas turbine, waste
incineration, gas combined
cycle

Energy/fuel source

Any liquid, gaseous and
solid fuels, industrial
process waste gases (e.g.
blast furnace gases, coke
oven waste gases)

Liquid or gaseous fuels

Any fuel

load patterns

Main players Industry (power utilities) | End users and utilities ESCOs, local and national
utilities and industry

Ownership Joint ventures/third party | Joint ventures/third party | From wholly private to
wholly public and part
public

Heat/electricity User- and process-specific | User-specific Daily and seasonal

fluctuations mitigated by
load management and heat
storage

Source: [EA, 2008
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In all the cases listed in Table 7.1, CHP can meet the base heat demand, and the electricity
produced can be used for own supply and/or fed into the national grid. The use of CHP
technology offers a number of direct benefits to industry:
It can reduce overall energy costs by creating greater energy efficiency.
The technology increases the security of energy supplies. Many industrial processes
also depend on the continuous availability of electricity, which can be provided
through CHP. Any surplus electricity produced can be fed into the electricity grid,
supporting the national supply of electricity.
The process is easy to operate and involves low maintenance costs.
Mobility: the whole system can be relocated from one place to another, because it
comes in packages.
It produces lower emissions.
Positive net benefit, as power can be sold to the grid or to consumers.

However, there are also barriers and risks associated with CHP technology for industrial
users, including the following issues:
CHP technology has higher initial capital costs than conventional heat-only boilers.
There are longer break-even payback periods, which might exceed normal industrial
development planning.
There is a lack of information and skills related to CHP technology.
Uncertainty looms over future fuel and electricity prices. A rising fuel price directly
affects the CHP plant’s heat and power generation costs. Industrial CHP solutions
can sell surplus electricity on the market and purchase electricity on top of
the electricity it produces as required. The price of electricity relative to fuel
prices therefore is the main determinant of savings generated by CHP plants
(Brown, 1996).
Due to the financial risks involved, firms may need additional support before investing in
CHP technology. In the following we describe the situation and support policies imple-
mented in Germany as well as the current status of CHP in Iran.

7.2 Cogeneration in Germany

7.2.1 Development of Cogeneration
CHP plants in Germany produced 96 TWh of electricity in 2013, equivalent to 16.2 percent
of the German net electricity production in 2013. The share of heat from CHP accounted
for about 20 percent of the total heat market (below 300°C). In total, cogeneration plants
saved 56 million tons of CO, against an uncoupled generation of heat and power (Prognos,
2015). A study conducted by Prognos et al. 2014 identified a microeconomic CHP
potential of 170 TWh,, at the firm level and a macroeconomic potential of 240 TWh, at
the national level.

Over 80 percent of electricity generated by CHP is produced by the public (50 TWh)
and the industrial (30 TWh) sector. As Figure 7.1 shows, biomass-fired and small-scale
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CHP plants grew the strongest between 2005 and 2013; CHP in the industrial sector grew
only slightly and declined slightly in the public supply.
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® Industrial CHP ® PublicCHP = CHP <1 MW, ® Biomass-Fired CHP

TWhg,

Figure 7.1. Development of Net Power Production by CHP Plants in Germany
Source: Authors'illustration, data taken from Prognos et al., 2015

One reason for the moderate development of CHP in Germany is that the large utilities had
consistently attempted to stamp out the cogeneration efforts of businesses and communities,
because such investments would have cut the sales revenues of their own large power plants.

The liberalization of the electricity market in Germany in 1998 led to even greater efforts
to hamper cogeneration. Large power producers suffering from overcapacities lowered
their prices to a level below costs, meaning that some of the cogeneration plants installed
were unable to operate profitably.

7.2.2 Policy Instruments Targeting Cogeneration
To take account of the negative effects of liberalization on cogeneration, Germany passed
its Combined Heat and Power Act (KWKG) in March 2002. The goal was to reduce carbon
emissions by 23 million tons annually by 2010 through cogeneration. This target was not met.
The Combined Heat and Power Act was revised in January 2009 and in July 2012. The
objectives were to more or less double the share of electricity from cogeneration in Germany
to 25 percent by 2020; to remove barriers in the electricity system; to foster the new
construction of combined heat and power plants; and to provide incentives for investing
in district heating or cooling grids and storage systems.
The current conditions for CHP plants in Germany are as follows:
«  Electricity from CHP can be fed into the grid. Electricity companies must accept this
electricity and pay for it accordingly.
+ The feed-in tariff is fixed quarterly and coupled to the average base-load price at the
Leipzig-based EEX exchange (between about € 0.03 and € 0.07 per kWh between 2006
and 201433),

33 See www.bhkw-infozentrum.de/statement/ueblicher_preis_bhkw.html
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+ On top the operator of a CHP plant receives compensation for not using the upstream
interconnected grid (about € 0.002 per kWh).

- An additional bonus of between € 0.021 (CHP plants > 2 MW,)) and € 0.0541 (< 50 kW,
and fuel cells, independent of size) per kilowatt-hour has to be paid by the grid opera-
tor, who passes on the costs to customers as part of the grid tariffs.

- CHP producers are exempted from the energy tax. The tax on natural gas is € 0.0055
per kWhg,q.

In addition to the Combined Heat and Power Act, the Federal Environment Ministry has
been subsidizing small CHP plants with an electric capacity of no more than 20 kW since
April 2012.3% New CHP plants can obtain a state grant, which is related to the electric pow-
er of the system. For very small CHP plants - typically installed in detached and semi-deta-
ched homes - with an electric power capacity of 1 kW, the basic grant (see blue columns in
Figure 7.2) is € 1,900. Bigger plants with an electric capacity below 20 kW can receive a
grant of up to € 3,500. Since the revision of the funding directive on January 1, 2015, mini
CHP plants can benefit from two additional bonus payments: “Power Efficiency Bonus”
(red columns) is granted for plants with a minimum electric efficiency of more than 31 to
35 percent and a “Heat Efficiency Bonus” (green columns) is designated for plants with
condensing boiler technology. Hence the maximum available funding is between € 3,515
for a 1 kW, plant and € 6,475 for a 20 kW, plant.

7,000 €

6,000 €

5,000 € -

4,000 € -

3,000€ -

2,000€ -

1,000 € -

0€ -

<1 >2 >4 >6 >8 >10 >12  >14 >16 >18 <20
Electric output
B Base Funding m Power Efficiency Bonus = Heat Efficiency Bonus
(100%) (60% of BF) (25% of BF)

Figure 7.2. State Grants by the Federal Environment Ministry for Small CHP plants,
Depending on Plant Size
Source: Authors’illustration, data taken from BAFA 2015%

34 Mini CHP Directive
35 www.bafa.de/bafa/de/energie/kraft_waerme_kopplung/mini_kwk_anlagen
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To be eligible for the grant, the power system with a maximum of 20 kW, must meet the
following conditions:
The overall efficiency of the system must average at least 85 percent over the year.
The plant must be “highly efficient” (according to the definition of the EU CHP Directive),
meaning that primary energy savings (against uncoupled production of heat and power)
of at least 15 percent (up to 10 kW) or 20 percent (up to 20 kW) must be achieved.
The power system must be combined with a heat storage system of at least 60 liters per
installed kW, with intelligent heat storage management.
The power plant must have a control system that can be used for heat and power-
orientated operation.
The power plant cannot be used in areas that must be connected to heat grids.
A maintenance contract must be concluded.
The information and communication technology must be capable of communicating
with and reacting to the power market (for units of 10 kW, and more).

According to these provisions, small CHP plants with a capacity of 5-50 kW electric power
can be used profitably if a corresponding demand for heat exists and the power generated
is consumed on the owner’s premises. However, the latter condition can usually only be
met by commercial buildings such as indoor swimming pools, hospitals, schools, hotels
and sports centers or in bigger apartment buildings where the electricity generated from
CHP can be sold to the households living there.

The theoretical potential of small-scale CHP in Germany is huge. About 26 million
apartments use central heating, mainly gas boilers. Only about 10 percent of these boilers
can be considered state of the art. Some 20 percent of these boilers are older than 24 years,
with an energy efficiency of less than 65 percent (BMU, 2012). Many could be replaced by
efficient mini or micro combined heat and power plants.

7.3 Cogenerationinliran

7.3.1 Development of Cogeneration and Policy Instruments
In Iran, 45 CHP units have already been installed, with an overall capacity of 378 MW; the
total capacity of issued licences exceeds 3,000 MW. The capacity of each unit is between 1 and
25 MW. The technologies involved come from Germany, Great Britain and China. The
costs range from € 350 to € 450 per kW plus maintenance and operational costs which are
about 10 percent of the installed costs per year. Due to high thermal efficiency (85 percent),
much less fuel is burned than with steam turbines, gas turbines or even combined cycles.
Assuming a 1 MW CHP system operates for 8,000 hours per year with 80 percent efficiency,
an average of 1.5 million cubic meters of natural gas can be saved each year compared to
conventional power plants. This saving is equivalent to US$ 270,000 per year.

Five or six different types of CHP generators are manufactured in Germany, Great Britain
and China. Given the abundance of natural gas and its well-established grid in Iran, the
CHP generators recommended for Iran are small gas turbine and gas engine plants. These
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CHP plants are used in industry, hospitals, sports centers and large residential buildings.
In 2010, the Ministry of Energy passed a regulation to support the use of CHP generators
with a capacity of up to 25 MW in Iran. The regulation provides for the following support
package.
- Pre-payment of up to 15 percent of the sale contract (25 percent if sold in a bilateral
agreement) for five years
Financial help to install the plant or connect it to the natural gas grid
Financial help to connect the power generated to the grid
Access to a low-interest loan (up to 1.6 billion rials with an interest rate of 12 percent)
Provision of free land
Guaranteed fuel supply all year round
The possibility to sell the power to consumers directly at a price 20 percent higher than
the base price, which is 900 rials per kWh (US$ 0.035 at the 2015 exchange rate), pro-
viding a guarantee to supply electricity to CHP customers
A power purchase agreement with the utility company at the base rate plus 20 percent.

Furthermore, Iran has a support plan to encourage investment in small-scale generators.
Small-scale generators are defined as generators that can be connected to the national
electricity grid with a capacity of no more than 25 MW. The following types of small-scale
generators exist:

Gas reciprocating engines

Mini steam/gas turbine

Micro turbine

Micro wind power

Micro hydro

Photovoltaic

Fuel cell

This plan to support small-scale generators consists of the following items:
A guaranteed rate for purchasing the power generated (prepayment of up to 25 percent)
Low-interest loans
A long-term lease for land
A guaranteed supply of fuel (for nine months per year)
A purchase agreement with the utility company at a guaranteed rate plus 10 percent

However, the development of CHP systems in Iran also faces the following problems and
barriers:

A lack of simple ways to finance such projects

Difficulties in accessing foreign currency

Economic recession and uncertainties for long-term investment

An inefficient banking system for investors applying for industrial loans

Low feed-in tariffs for the electricity produced
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+ Very long delays in payment when the Iran Power Generation and Transmission
Company (Tavanir) purchases the electricity produced

- Constant feed-in tariffs in 2010, 2011 and 2012

+ A lack of coordination between governmental organizations in supporting the develop-
ment of CHP systems

+ Fuel supply uncertainties in winter and after the 5-year period

« A lack of appropriate infrastructure for developing CHP systems, such as consultancy,
engineering, inspection and maintenance companies, as well as standards, and so on.

7.3.2 A Brief Feasibility Study

We consider two scenarios with two different types of CHP. The first scenario is a CHP
with a total capacity of 400 kWj the second scenario is a CHP with a total capacity of 1,000
kW. Based on the purchase price announced by the Ministry of Energy and installation
and maintenance costs, both scenarios generate a profit. The details are as follows:

Scenario 1: Installation of a CHP plant with a capacity of 400 kW
The purchasing prices announced by the Ministry of Energy for the next five years are
presented in Table 7.2.

Table 7.2.The Purchase Price of Electricity (Rials/kWh)
Year 1 2 3 4 5
Price* 900 990 1,090 1,200 1,320

*Based on 2015 exchange rates, 900 rials is equivalent to about US$ 0.035. Prices are expected to adjust to inflation

rates (assumed to be 10 percent). These purchasing prices need to be adjusted with the new prices after the energy

price reform.
Assuming 8,000 hours per year, the total revenue can be calculated using the following
formula:

Total revenue = (400 kW) x (8,000 h/year) x (purchase price: rial/kWh)

The projected total revenues for five years will be 17,600 million rials. Given the initial
investment costs of 7,680 million rials (US$ 600/kW and 32,000 rials/US$) and operation
and maintenance costs of 768 million rials per year, the internal rate of return is 23 percent.

Scenario 2: Installation of a CHP plant with the capacity of 1,000 kW

Assuming 8,000 hours per year and given the purchase prices above, the total revenues in
five years will be 44,000 million rials. Given the initial investment costs of 16,000 million
rials and operation and maintenance costs of 1,600 million rials per year, the internal rate
of return is 31 percent.3®

36 The figures should be interpreted cautiously, as electricity prices and exchange rates will continue to fluctuate. For instance,
the US dollar was traded at about 40,000 rials in February 2013, and 35,000 rials in October 2012, but 32,000 rials in March
2015. Prices are expected to adjust according to inflation rates once prices have settled.
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8.1 Introduction

Energy prices are often influenced directly or indirectly by government policies around
the world. In many OECD countries, governments subsidize energy and levy taxes on
energy consumers. The taxes, however, far exceed the subsidies®” (Guillaume and Zytek,
2010; Dube, 2003; Baig et al., 2007; Dartanto, 2013; IMF, 2008). For instance, in 2003, the
total energy taxes in the seven largest OECD countries was US$ 223 billion, which was at
least seven times more than the total amount of energy subsidies for the OECD as a whole
(IEA, 2006). In recent years, the shares of subsidies by types of energy have changed in
favor of renewable energy production. This policy is in line with the objectives of energy
security, which involves reducing reliance on oil imports and protecting the environment
by decreasing fuel oil or coal consumption and encouraging environmentally friendlier
energy sources. In non-OECD countries, with the exception of China, most energy subsi-
dies go to consumers to keep end-user prices below the economic cost of supply or inter-
national prices. In many non-OECD countries, the lion’s share of energy subsidies is allocated
to electricity. However, oil products such as gasoline are also subsidized in some oil-
exporting countries such as Iran (IEA, 2011; World Bank, 2010).

In this chapter, we analyze energy price subsidies and their objectives and effects. We
focus on the recent energy price reform in Iran.

8.2 Energy Subsidies: Objectives and Challenges

There are two main objectives behind providing energy subsidies in developing countries
such as Iran. First, subsidies tend to make energy more affordable for poor households
that would otherwise be unable to pay the full economic cost. Second, energy subsidies
tend to protect domestic producers against foreign competition by keeping energy costs
low (Fattouh and El-Katiri, 2013). Unfortunately, subsidies and their sectorial allocation
fail to achieve these objectives in the long run. Despite the objective to help low-income
groups, energy subsidies are regressive because they benefit high-income groups dispro-
portionally due to their higher energy consumption (Vagliasindi, 2012; Arze del Grandado

37 We use a broad definition of the term ‘subsidy’ here. A subsidy can be a direct payment by the government to an agent,
producer or consumer to bring down the price and make the good affordable. However, a broader view of subsidy includes
the opportunity costs associated with energy policy. For instance, granting a non-refundable tax credit to energy producers
in developed countries and keeping energy prices lower than international prices in developing countries are also considered
subsidies, even though no direct payment is involved. The former is used for accounting and budget analysis, whereas the
latter is used for economic decision-making and analysis.
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et al,, 2012; Lipton, 2013). This is particularly true in the case of oil products, due to the
flat price for all levels of consumption, and the transportation sector, where the distribution
of car ownership is very uneven.

The second objective, which is part of the “industrialization policy” or “infant industry
policy” in economic development, may work if there is a scheduled, careful plan to invest
in certain industries that would benefit from economic growth in the long run. Although
industrialization policy has been a success in some East Asian countries such as South
Korea, it has not worked well in Iran. To protect its domestic industries, Iran has provided
capital and energy subsidies as well as regulatory support to its infant and growing indus-
tries for more than three decades. And yet most of these industries are still unable to stand
alone and compete in the global market. The long-term policy of providing cheap energy
to industry has led to the inefficient use of energy and a lack of incentives to improve
technology and to innovate. It is evident that the policy of heavily subsidizing industry
cannot continue any longer due to domestic restrictions and international pressure, partic-
ularly if Iran were to join the World Trade Organization.

The long-term energy subsidy program in Iran has caused many economic and social pro-

blems, some of which are mentioned below.

«  Energy consumption and waste have increased.

- Energy intensity has increased (Figure 8.1) and there are fewer incentives to use more
efficient technologies and to innovate. The energy intensity index in Iran has increased
by an average of around 3.4 percent per year over the past 40 years. The index is 50 to
100 percent higher than that in the Middle East and European Union countries, respec-
tively.

+  The environment has been degraded due to a decline in air quality, particularly in urban
areas.3® Energy consumption caused 480 million tons of CO,-equivalent emissions in 2012,
which is expected to double by 2030 if the current trend continues (Moshiri et al., 2012).

+ A heavy burden has been placed on the government budget due to higher direct pay-
ments and foregone income owing to higher oil exports.3? Direct energy subsidies have
increased from 2 to 8 percent of the government budget since 2004. Energy subsidies
also crowd out government spending on infrastructure and social programs such as
health care and education.

+ Oil products are smuggled across borders to neighboring countries, where energy
prices are higher than in Iran.

+  The unfair distribution of income has been exacerbated by channeling more subsidies
to richer households, because they consume more energy than their poorer counter-
parts.

38 Fuel oil subsidies may have a positive effect on the environment if they discourage deforestation in rural areas. The size of this
subsidy, however, would be very small given the small rural population and their low consumption level.

39 OPEC recommendations are for total production and not for exports. Iran can, therefore, always export more oil and earn
foreign income without violating the OPEC decision, should its domestic consumption fall.
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The problems posed by energy subsidies have been more prominent in the case of gasoline
consumption, which receives one-third of total energy subsidies. In 2010, the price of
gasoline was around US$ 0.10 per liter, which is about a quarter of the price in the Persian
Gulf and about one fifteenth of prices in Europe. The very low price of gasoline has en-
couraged a high level of gasoline consumption in large urban areas, especially in Tehran.
Gasoline consumption grew by an average of 10 percent annually over the period 2001-
2008, with consumption levels exceeding 70 million liters per day. Energy subsidies have
also led to a high concentration of air pollutants, in addition to other social and economic
problems. To accommodate the rapid growth in gasoline consumption, the government
drew on the Oil Reserve Fund to import about 40 percent of domestic consumption in
2007, which made Iran the second biggest gasoline importer in the world after the United
States. In June 2007, the government instituted a gasoline rationing system to curb the rapid
growth of consumption. The rationing system allowed every owner of a private passenger
car to purchase 30 liters of gasoline per month at the fixed price of US$ 0.10 per liter; any
gasoline purchased above this quantity was charged at US$ 0.40 per liter. The rationing
scheme had no significant effect on domestic consumption, but appeared to reduce the
amount of gasoline smuggled to neighboring countries.*°
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Figure 8.1.Total Primary Energy Consumption and Energy Intensity in Iran
Notes: Total Primary Energy Consumption (TPEC) is in quadrillion BTU (right axis);

energy intensity is in TPEC (BTU) per 2005 US$ of GDP (market exchange rates).
Source: The Titi Tudorancea Bulletin, Global Edition (https://www.tititudorancea.com/)

401n 2008, Iran had one of the lowest prices for gasoline in the world (approximately US$ 0.10 per liter).
In contrast, the price of gasoline in neighboring Turkey was one of the highest in the world (US$ 1.88 per liter),
paving the way for smuggling (GTZ, 2008).
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8.3 The Energy Price Reform in Iran

8.3.1 Removal of Energy Subsidies

The energy price reform law, also known as the Targeted Subsidies Plan or the Subsidy

Removal Plan, was passed by the Iranian parliament in 2009; the government began im-

plementing it in February 2010. According to the plan, energy prices were to be increased

up to border prices over the course of five years, and 50 percent of the proceeds was to be

distributed in the form of cash payments to households. The remaining 50 percent was to

be used to support industries affected by the energy price hikes, such as public transportation

and infrastructure (30 percent), and to cover discretionary expenses (20 percent). The

subsidy removal law states:

Article 1: The government is obliged to observe this law, and correct the prices of energy carriers.

1. By the end of the Fifth Five-Year Development Plan, the price of gasonline, oil, liquefied
gas and kerosene may not be less than 90 percent of free on board (FOB) prices.

2. The price of natural gas will gradually increase to at least 75 percent of export prices
net of taxes, and transportation costs.

The plan increased the price of gasoline from 1,000 to 4,000 rials per liter for the monthly
ration of 60 liters per passenger car, and 7,000 rials per liter exceeding that amount.*' The
price of natural gas increased from 100-130 to 700 rials per cubic meter for households
and from 50 to 800 rials per cubic meter for power plants. The price of electricity was raised
from an average of 160 to 450 rials per kWh (Figure 8.2). The marginal rates increased
with the level of consumption at various rates in different sectors and regions (Organization
for the Support of Consumers and Producers, 2011). The total budget for the plan was

54,000 billion rials for a period of 15 months (44,000 billion rials for 12 months). To

reduce the impact of higher prices, the government paid 455,000 rials (about US$ 45 based

on the exchange rate at the time) per month to all individuals registered online.

The law was successfully implemented in the first year, raising prices and distributing
the cash handouts to households as planned. However, it was not possible to initiate the
second phase of the plan because problems started to occur. Following long and heated
debates in parliament as well as serious challenges and opposition to the government’s
proposal, the second phase of the reform was finally passed by parliament in May 2012. The
main concerns of parliament with regard to the second phase of the plan were as follows:

- The government failed to implement the redistribution allocation, particularly to in-
dustry, as planned in the first phase.

+ The new proposal required another hike in energy prices, rather than a smooth transition,
which would lead to very high inflation rates. Some speculated that the proposal would
increase the price of gasoline to 20,000 rials per liter, a five-fold increase.

- The government overestimated the revenue it would generate by removing subsidies,
and it was not possible to realize the proposed budget.

41 Based on the exchange rate in 2010 (US$ 1 = 10,000 rials), the price of gas was about US$ 0.10 per liter, which increased to
US$ 0.40 per liter.
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Figure 8.2. Energy Prices in Iran (rial/unit of energy)

Notes: The price of gasoline is on the right axis. The prices of electricity and natural gas are for household
consumption; the prices of gasoline are for regular gas for the 60 liter monthly quota.

Sources: Energy Balance (2010) and Ministry of Oil and Ministry of Energy Report, Moshiri (2013)

The government’s initial proposal for the second phase included the following items:
+ An increase of the plan’s budget to 135,000 billion rials

- Self-exclusion from the cash handout program for high-income households

- A 280,000 rial increase (61 percent increase) in cash handouts to those people

- remaining on the list.

Dissatisfied with the revisions to the second phase of the plan, the government was reluc-
tant to implement the plan, and decided to postpone it. Another reason for stopping it was
a development on the foreign exchange markets, which led to an approximately 70 percent
depreciation of the rial within the space of under three months in late summer 2012. The
new government has continued to adjust energy prices, but prices have not caught up with
inflation rates. Given the budgetary pressure, cash handouts were also adjusted to exclude
some high-income households.

8.3.2 The Effects of the Energy Price Reform

The main two objectives of the plan were to decrease government spending on energy
subsidies, particularly direct subsidies for gasoline, and to reduce energy consumption.
Both objectives were met to a certain extent in the first year of implementing the policy.
More specifically, the government collected 44,000 billion rials (55,000 billion rials in
15 months) in additional revenue due to the increase in energy prices, 90 percent of which
was distributed to households in the form of monthly cash handouts. Furthermore, overall
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energy consumption declined, albeit at an insignificant rate. For instance, gasoline
consumption decreased from about 64 to 59 million liters per day, even though around
1 million cars per year were added to Iran’s fleet. It is not yet known how much of this
decline in consumption was due to a reduction in smuggling to neighboring countries and
changes in consumption behavior. Following a decline in electricity consumption during
the first months of the plan, it rebounded, increasing by about 5 percent in the first three
months of 2012.

Although the plan was relatively successful in partially removing energy subsidies and
administrating regular cash handouts - unprecedented action that was viewed with criticism
in the general acceptance of the reform - it could not continue as planned. This was due to
shortcomings in the program’s design and the emergence of new challenges associated
with government policies and a tightening of international sanctions against Iran’s oil
exports and financial sector.

The main problem with the energy reform was its focus on price changes as the only
mechanism to reduce energy consumption. Although energy prices are one of the main
factors driving energy demand, their overall effect on energy consumption is limited. This
is because price elasticities are low and income elasticities are high, and responses to higher
prices differ across households with different income levels. A recent study by Moshiri
(2015) provides important insights into the consumption and distribution effects of Iran’s
energy price reform. According to this study, based on household budget surveys for the
2001-2008 period, the price elasticities of demand for energy are low, particularly among
households with a higher level of energy consumption. This implies that the energy price
reform will have no dramatic impact on energy consumption. Moreover, income elastici-
ties of energy demand are high, particularly among low- and middle-income groups, indi-
cating that any compensation package will likely more than cancel out the price effect on
energy consumption.*? Therefore, if the objective of the energy price reform is to reduce
energy consumption in Iran, the current policy of price increases alone would be unable
to meet this objective. In fact, the uniform nationwide cash handout scheme, intended to
alleviate the adverse impact of energy price increases on household budgets, would only
have a redistribution effect, which may prove counterproductive to the objectives of energy
consumption control.

The second concern with the energy price reform is its distributional effects. Energy
subsidies are regressive since richer households consume more energy than their poorer
counterparts (Figures 8.3 and 8.4). However, the share of household income spent on
energy is higher for poorer than for richer households (Figure 8.5). Therefore, removing
subsidies and increasing energy prices may disproportionately affect poorer households,
since they would need to cut their basic level of energy and other necessities, such as food,
when prices rise. To avoid such disproportionate impacts of higher energy prices on the

42 The USS 45 compensation per person per month may seem to be too small to generate any significant change in energy and
non-energy consumption. However, this may only be true for rich urban households, whose compensation-income ratio was
about 6 percent, but not for low- and middle-income households whose compensation-income ratios exceeded 50 percent.
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poor, the government could spend the subsidies on programs mainly used by the poor.
Alternatively, the government could return the proceeds from removing subsidies to
households, either equally or to a targeted group. The energy price reform in Iran com-
pensated all households equally by depositing a monthly sum directly into individuals’
bank accounts. This policy is usually difficult to implement in developing countries, where
many poor households, particularly in rural areas, do not have a bank account. Nevertheless,
the process worked reasonably well in Iran because the government was able to communicate
the plan effectively to the public well in advance, providing the necessary infrastructure
and manpower, first in selected cities and then throughout the country. The equal distri-
bution of cash handouts helped low-income households more than high-income house-
holds. This was because low-income households received a larger sum (on average more
than 50 percent of their income) than their richer counterparts due to their larger house-
holds and because the average handouts were much higher than their energy expenditure.*?
However, the redistribution of income in favor of poorer households proved short-lived
due to unfavorable changes in macroeconomic conditions, such as higher inflation and
unemployment, which disproportionately affect poorer households.
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Figure 8.3. Total Household Energy Expenditure by Income Group (2001-2008) (million rials)
Note: The low-, middle- and high-income groups are the weighted average of the first three income deciles,
the four middle income deciles, and the last three income deciles, respectively.

Source: Moshiri (2015)

43 Salehi-Isfahani et al. (2014) show that the uniform cash handout program lessened income inequality in the first three
months of the reform, during which households received cash in advance.
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Source: Moshiri (2015)
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The third major problem with the energy price reform was the lack of energy efficiency
measures. An energy price reform was necessary, but it fell well short of being an adequate
policy for addressing energy efficiency problems. Reform must involve explicitly initiating
a program with a specific timeline and measures to achieve energy efficiency. In fact, energy
efficiency should be the most important objective of the energy reform, as it will ensure
less consumption and higher national savings and growth in the long run. Evidence suggests
that the government’s efforts to raise energy efficiency have even declined because policy-
makers and officials thought that price changes would automatically solve the inefficiency
problem in the energy market.

The results of the scenario study presented in Chapters 3 and 4 show that Iran’s energy
saving potential over the next 15 years exceeds 40 percent. Removing subsidies is a prerequi-
site for instituting energy efficiency measures, but should be accompanied by a series of
non-price policies before it can improve efficiency levels. For instance, the proceeds ge-
nerated by removing subsidies could be used to offer monetary and non-monetary in-
centives to producers who adopt energy efficiency measures. These energy efficiency
support programs could include tax rebates, long-term subsidized loans, flexible output
pricing, access to foreign exchange at preferred rates, transfer of know-how, on-the-job
training programs, and research and development. The revenue generated by removing
subsidies could also be used to increase demand for high efficiency products through
programs such as providing small loans to households so that they can purchase new,
efficient appliances; buying back old, inefficient appliances; distributing cheap,
low-consumption lamps; providing loans and technical assistance to enable old buildings
to be retrofitted; and raising public awareness of energy efficiency. For example, one of
the policies to promote the use of more efficient appliances is to subsidize producers of
high-efficiency refrigerators and freezers. The policy enables domestic producers to
receive subsidies if the efficiency of their products is increased from below level D to
above level C. A cost-benefit analysis shows that the net benefit of subsidizing the pro-
duction of high-efficiency refrigerators and freezers is positive. The subsidy amount
would equal the energy savings generated by higher efficiency refrigerators and freezers
for five years (Ismaielnia, 2010).

The fourth problem with the plan was the lack of real support for industry. The govern-
ment did not honor its commitment to support industries — after all, 90 percent of the
proceeds generated by removing subsidies was allocated to the household cash handout
program. Most Iranian industries were established a long time ago, based on the im-
port-substitution strategy of the 1970s. As such, they relied heavily on government protection
in the form of high tariffs and subsidies on capital, taxes and energy. The removal of energy
subsidies placed a huge burden on energy-intensive industries, such as steel and car
manufacturing, food and beverages, power plants and petrochemicals. Although the energy
price reform was necessary to revitalize inefficient and uncompetitive industries, a sudden
energy price shock led to disruptions in production and higher unemployment rates in
many industries. Furthermore, the price control policy did not allow industries to raise
prices to cover their increasing costs. The price reform should have laid out a detailed plan
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to support industries during the transition to a high-efficiency stage to avoid the high so-
cial and economic costs of increasing inflation and unemployment.

The fifth concern is the inflationary effects of the reform. The higher inflation rate
decreases the real price effect of the energy price reform. The inherent problem with the
energy price reform, where nominal prices are targeted, is the race between energy prices
and the overall price level. The energy price reform represents a one-time change in prices
and does not necessarily need to increase inflation over time. However, if it feeds into in-
flationary expectations and higher consumption by low-income groups due to a higher
marginal propensity to consume, it may cause a spiral effect. If the energy price reform
increases the overall price level, the relative price change for energy carriers will be
reduced. In the extreme case, the price reform will have no effect on consumption if relative
prices remain unchanged, that is, if overall prices increase by the same proportion as
increases in energy prices.

The inflationary effects of removing subsidies started with a lag of about eight months,
particularly in energy-intensive products such as food and beverages. Furthermore, a huge
depreciation of the rial (more than 70 percent) in January 2011 and September 2012 spurred
inflationary expectations.** In addition, the government continued its expansionary fiscal
and monetary policy, spending aggressively on public projects such as cheap housing on a
large national scale. As a result, the budget deficit increased further, and financing deficits
by borrowing from the Central Bank led to higher inflation rates. In the second year of the
plan, energy prices increased by a factor of 4, but the inflation rate by a factor of 1.72 (the
official statistics by the Central Bank indicate that inflation increased from 10 percent before
the reform to 23 percent one year after the reform, and to about 40 percent in the second
year of the reform). The distributional effect of cash handouts on household budgets is
explained in Box 8.1.

The higher inflation rate had two major effects on the reform. First, since energy price
targets were nominal prices, an increase in overall prices caused the change in the relative
price of energy to decline, weakening its original effects on energy consumption. To ensure
the desired effect on energy consumption, the reform needs to constantly revise prices to
ensure that relative price targets are met. Otherwise, this would trigger a spiral effect,
which would have an adverse impact on the entire economy. Second, the real value of cash
handouts decreased and the distributional effects of the plan were reduced or neutralized.
The equal payment of cash handouts to all individuals was intended to ensure that low-in-
come groups benefit more than their high-income counterparts, alleviating the overall im-

44 Although the depreciation of the exchange rate was good news to exporters of manufactured and agricultural products, it led
to downward pressure on imports of intermediate goods for exporting enterprises. When exports rely on imports of intermedi-
ate goods, any depreciation of the local currency may not increase net exports, since higher revenues from exports may be
offset by the higher cost of imports. Furthermore, the increase in volatility of the exchange rates due to uncertainties and the
lack of consistent and transparent policy by the government was another reason why the huge depreciation of the rial failed
to stimulate exports. As a recent firm-level study by Moshiri and Darvishi (2012) shows, the depreciation of the exchange
rate was one of the significant factors affecting the exit rate of exporting firms in Iran. Therefore, the overall net effect of the
depreciation of the rial on industry is unclear.

180



Sustainable Energy Strategy for Iran Energy Price Reform and Efficiency

Box 8.1. The Real Effect of Cash Handouts
on the Household Budget at Different Income Levels

A back-of-the-envelope calculation indicates that an urban low-income household of
five with an annual income of 65 million rials in 2010 received 27.3 million rials in cash
handouts for one year, increasing its total income to 92.3 million rials. The real income
(adjusted by the after-reform inflation rate minus the before-reform inflation rate)
would be 81.62 and 67.23 million rials at the end of the first and second year of the
reform, respectively. In other words, the net benefit of the reform to a typical low-inco-
me household was positive. However, an urban middle-income household of four with
an annual income of 130 million rials would have benefited in the first year, but been
worse off in the second. A typical urban high-income household of 3.5 with an annual
income of 270 million rials would have been worse off in both years of the reform. The
same pattern applies to rural households.

Note: The average income of households is calculated using the Household Budget Survey (2008);
a 10 percent annual increase was applied for subsequent years.

Sources: Statistical Center of Iran, and Central Bank of Iran.

pacts of rising prices on poorer households. The inflationary effect of the reform, however,
eroded its distributional effect, weakening its general acceptance among those affected the
most. The government must either continually raise cash handouts to keep up with inflation
rates, or it must find alternative ways to support poorer households. Either way, significant
amounts of revenue would be required to implement such social programs, putting con-
siderable strain on the government budget.

The final issue is the lack of a program for generating structural change in the energy
market and the economy. The energy market and many other industries in Iran are fully
controlled by the public sector, which may not necessarily allocate resources efficiently. If
no substantial structural changes are made in industry and the energy market, enabling
the private sector to play a meaningful role in the economy, it will be very hard to achieve
energy efficiency.

8.4 Conclusion

The energy price reform led to a dramatic increase in energy prices (a 400 percent in-
crease in gasoline prices) by removing subsidies and distributing the proceeds equally to
individuals to compensate for higher prices. The sudden spike in energy prices was ex-
pected to curb energy consumption, but the response was not overwhelming due to the
low price elasticity; the income effect of cash handouts; and increasing inflation.

The empirical studies based on household budget surveys show that the energy price
elasticities of demand are low among all income groups, particularly high-income house-
holds, implying that an increase in energy prices will not have any dramatic impact on
household energy consumption. In addition, low-income households will not reduce their
energy consumption significantly, due to their already low energy consumption level and
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the income effect of the cash handout. Given the small amount of energy consumed by
low-income households and their high marginal propensity to consume, part of the cash
handout will be used to cover higher energy prices and the rest on non-energy items.
If these non-energy items include energy-intensive capital, such as larger TV sets and
newer, larger appliances, then the cash handout policy may lead to even higher energy
consumption.

Overall, the energy price reform was a breakthrough in the Iranian energy sector,
which could raise productivity and bring prosperity to the economy. The cash handout
system was designed well, contributing to its successful implementation and public
acceptance of the reform. However, focusing mainly on the monetary aspect of the plan
and administrative affairs, the reform paid too little attention to energy efficiency. It is
true that higher energy prices will partly induce energy efficiency, and that the effect will
take a long time to materialize because of the capital changes required. Nonetheless, relative
prices of energy need to remain high for a long period for the public to consider and
develop efficiency measures. Furthermore, a series of efficiency policies and regulations
are needed to facilitate the transition to a high energy efficiency regime. One of the main
weaknesses of the reform was the lack of efficiency measures for households and industry
in the transition period. Focusing on the household redistribution scheme, the reform
treated industry as a residual, and failed to provide the much-needed support, even at the
level stipulated in the Energy Reform Policy law.

The energy price reform is a golden opportunity to raise awareness and educate people
and businesses about the importance of energy conservation and efficiency measures. It also
represents a great opportunity to embark on a long-term investment plan for developing
large-scale alternative renewable energy resources in Iran.
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Energy Forms

Drivers

Policy

Data

Assumptions

Results

—
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Households

Kerosene, gas oil, LPG,
natural gas, electricity

Kerosene, gas oil, LPG,
natural gas, electricity

Population, GDP,
policy and plans

Value added, technology,
energy intensity,
structural changes,
industry plan and policies,
penetration rate

Gasification,
rural electrification

Gasification,
energy management
for large plants

Household surveys, aggregate
fuel consumption

2-digit manufacturing survey,
auditing reports

Structural changes, gasification, rural electrification,
fourth and fifth development plan, 20-year vision

39% fuel and
42% electricity saving
under Efficiency scenario

36% saving
under Efficiency scenario
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Gasoline, gas oil, CNG Kerosene, gas oil, LPG,
natural gas, electricity

Population, GDP, Population, GDP,
specific energy consumption, structural changes,
technology, policy, policy and plans

structural changes

Public transport, Gasification,
road quality upgrades, rural electrification,
efficient vehicles privatization
Aggregate and survey data Aggregate data

Energy efficiency regulations in housing and manufacturing industry,
lower energy intensity, technological changes, structural changes,
renovations, energy price reform, education

33% saving 26% saving
under Efficiency scenario under Efficiency scenario
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B: Feed-in Tariff Laws in Iran

The law of Government’s Financial Regulation

February 19, 2001

Article 62 — The Ministry of Energy is obliged to purchase the electricity produced by public
and private power plants at guaranteed prices. Rates will be proposed by the Budget and
Plan Organization, to be approved by the Economic Council. However, due to the positive
environmental impacts of renewable energies and fossil fuel energy savings, and in order
to encourage the private sector to generate electricity using renewable resources, the
following guaranteed rates will be in effect: 650 rials (US$ 0.067) per kWh at peak and
regular times, and 450 rials (US$ 0.047) at off-peak times (a maximum of four hours
per day).

Instruction on how to implement Article 62

February 24, 2005

In line with implementing Article 62 of the Fourth Five-Year Development Plan and in order
to attract and support private sector investment in electricity generation from renewable
energy sources, the Ministry of Energy called on the Renewable Energy Organization of
Iran (SUNA) in 2005 to carry out the following tasks:

Chapter 1:
Article VIII It is agreed that the connection costs, to be determined by the Ministry of
Energy, will be paid by the producer of renewable energy.

Chapter 2:

Articlel  The organization (SUNA) is given three months to collect the necessary
information concerning the potential of renewable energy resources in Iran
and to initiate the step-by-step process of preparing a relevant feasibility
study report. SUNA is also required to prepare the following items:

A draft of an electricity purchase contract with the applicant” and
An outline of the standards applicable to the electricity generated.

Articlell  SUNA is tasked with communicating with the applicants. Within 15 days
of submitting the necessary documents, the applicant will be given
permission to conduct a feasibility study.

Clause: If more than one applicant wishes to conduct the feasibility study for
generating electricity from renewable energy sources, SUNA will be tasked
with selecting the applicant with the best offer.

Article Il SUNA will receive the results of the comprehensive feasibility study
conducted by the applicant.

1 Anon-governmental entity that has notified SUNA of its willingness to produce electricity from renewable energy sources
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Article IV SUNA will submit the results of the feasibility study to the Ministry of Energy,
Deputy for Energy Affairs. The Deputy will then grant permission for
constructing a power plant.

Article V. According to the construction permission issued by the Ministry of Energy,
SUNA will enter into a long-term electricity purchase contract with the
applicant (henceforth called the electricity producer).

Article VI The electricity producer will be responsible for studying and identifying the
site’s location, securing land for power plants, obtaining the necessary permits
from the respective government departments/organizations, securing the
capital required, constructing roads, erecting electricity poles and paying the
full capital cost of connecting the power plants to the local or national
electricity network.

Article VII' The electricity producer will notify SUNA of the volume of renewable
electricity generated — measured in kilowatt hours - and, in return, will
receive the market value of the electricity.

Article VIII The renewable electricity generated will be offered for sale based on the
following rates:

At peak times: 650 rials (US$ 0.068) per kWh

At regular times: 650 rials per kWh

At off-peak times: 450 rials (US$ 0.047) per kWh (for four hours per day)
The consumption types will be announced by the grid management according
to regulatory board guidelines.

Article X SUNA will determine the new maximum installable capacity for renewable
energy sources via its subsidiary company.

ArticleX  The Ministry of Energy will include the differential costs arising from
this program in its annual budget submitted to the Budget and Planning
Organization.

Price Adjustment for Purchasing Electricity Generated by Renewable Sources
November 23, 2008

According to the government’s decision on November 23, 2008, the rates for purchasing
electricity generated by the private sector using renewable energy sources will be raised
from 650 rials (US$ 0.068) per kWh to 1,300 rials (US$ 0.13) per kWh at peak consumption
times and from 450 rials (US$ 0.047) to 900 rials (US$ 0.094) at off-peak times. The new
rates apply for the Iranian year of 1387 (March 2008 - March 2009) and will be revised in
later years.
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