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This study analyzes economic and environmental implications of the elimination of energy subsidies in Iran ap-
plying a CGE model. The subsidy reform was investigated under two scenarios namely, redistributing total sub-
sidy revenue back to households (complete payment) and allocating it to households and producers (half
payment) proportionally (50% and 30% respectively). The results show that elimination of energy subsidies via
resource reallocation causes a fall in GDP relative to the initial equilibrium by at least 15%, while the general
level of prices (CPI) tends to increase by more than 10% compared to the initial level. However, redistributing a
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Q4 part of the subsidies revenue back to households increases overall welfare. Eliminating energy subsidies induces
Q5 emission reduction of most of the pollutants. Considering the economic, welfare and environmental aspects, half
D5 payment scenario is preferred compared to complete payment option.
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Introduction reform would reduce world annual real income by 0.7%. Liu and Li

Subsidized energy is a measure to ensure low income groups' access
to modern energy utilization (Liu and Li, 2011). Protecting a particular
domestic industry against international competition, avoiding potential
unemployment, and making modern energy services more affordable
for specific social groups are some aims of subsidizing (Lin and Jiang,
2011; UNEP and IEA, 2002). However, energy subsidies cause the price
of energy products to deviate from their true costs. Moreover, some
studies suggest that many subsidies failed to make energy affordable
to the poor, and non-poor household gains are significantly more than
that of the poor (Dube, 2003; Gangopadhyay et al., 2005; Kebede, 2006).

Based on the literature, energy has a central role in economic
growth. Positive impact of energy consumption in economic growth is
indicated for China (Wang et al., 2011); South Africa (Menyah and
Wolde-Rufael, 2010); the newly industrialized countries (NIC') (Sharif
Hossain, 2011); Russia (Pao et al., 2011) and Greece (Tsani, 2010). Fur-
thermore, cutting energy subsidies and increasing prices of energy
products cause economic production to shrink. Using multi-country
general equilibrium, Burniaux et al. (1992) concluded that subsidy
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(2011) also demonstrated that removing oil and coal subsidies would
trigger a fall in China's GDP by 3.80% and 0.52%, respectively. Lin and
Jiang (2011) analyzed the impact of removing the energy subsidies in
China; they concluded that, without redistribution of subsidy revenue,
China's GDP would decrease by 1.56%. Empirical work of Jensen and
Tarr (2002) also showed that energy subsidy reform in Iran would re-
duce output in most of the energy and manufacturing sectors. Contrary
to the above-mentioned works, the International Energy Agency (IEA,
1999) demonstrated that removing energy subsidies in the eight
biggest non-OECD countries would increase their GDP by 1%. It showed
that the efficiency gain of subsidy removal in Iran was equivalent
to 2.22% of the Iranian GDP. When energy is sold below its true oppor-
tunity costs, its use imposes a burden on the economy. This burden
can be expressed as potential gains or increase in growth that would
occur if subsidies are removed (IEA, 1999). Based on the literature, the
negative impacts of energy subsidy elimination on output are more like-
ly than its positive impacts. However, GDP is expected to fall during the
adjustment period as industries respond to higher input costs and ener-
gy subsidy reform has the potential to provide substantial gains in eco-
nomic efficiency (Anderson and McKibbin, 1997) since it can eliminate
price distortion. Steenblik and Coroyannakis (1995) support reform in
coal subsidies in Western Europe, based on promoting industrialization
of the power sector and increase in coal production and exports.

In recent years, welfare and environmental concerns have become
the focus of many studies on energy subsidy reform (Anderson and
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McKibbin, 1997). However, the mechanism of the subsidy reform seems
rather important. While removing energy subsidies without income
transfer scheme may result in declining welfare (Lin and Jiang, 2011;
Liu and Li, 2011) and increasing households' expenditure (Saboohi,
2001), redistribution of the subsidy revenue back to the households
may increase their welfare (Jensen and Tarr, 2003).

In spite of economic growth and welfare, there is little doubt about
the positive impacts of energy reform on pollutant emissions from ener-
gy consumption, since about 65% of the greenhouse gas (GHG) emis-
sions are due to production and use of energy (Marrero, 2010).
Moreover, the causal relationship between energy consumption and
pollution has been the focus of many studies. Menyah and Wolde-
Rufael (2010) found a unilateral causality running from energy con-
sumption to CO, emission in South Africa and Zhang and Cheng
(2009) demonstrated a unidirectional causality running from energy
consumption to carbon emission for China. Similar conclusions are
available for the USA (Soytas et al., 2007) and the newly industrialized
countries (NIC) (Sharif Hossain, 2011). A bilateral relationship between
energy consumption and CO, emission has been proved for Russia (Pao
et al,, 2011); Brazil (Pao and Tsai, 2011) and China (Wang et al., 2011).
As Alam et al. (2011) pointed out for India, it is straightforward and in-
tuitive that energy consumption drives CO, emissions because the main
source of CO, emissions is the combustion of fossil fuels, however cau-
sality from CO, emissions to energy consumption should be considered
in energy-emissions-income relation context (Pao et al., 2011). More
CO, emissions are accompanied by higher income which in turn entails
more energy use.

There are several studies which focus on the impacts of economic
policies on energy consumption and emission. Liu and Li (2011) utilized
a CGE model and suggested that cutting oil and coal subsidies in China
would generate a fall in CO,, SO,, waste water and solid waste. Lin
and Jiang (2011) argued that removing energy subsidies reduces CO,
emission by 7% without the redistribution of subsidy revenue and by
4.7%-6% under alternative redistribution schemes in China. Increase in
oil prices in Turkey is also expected to reduce CO, emissions (Aydin
and Acar, 2011). Removing energy subsidies would reduce CO, emis-
sions globally (Burniaux et al., 1992) as well as in OECD and non-
OECD countries (Anderson and McKibbin, 1997; IEA, 1999).

Iranian consumers pay an artificially low and controlled price for en-
ergy products with the government making up the difference (subsidy)
between subsidized and world prices. This energy subsidy is measured
by price-gap approach. This approach has the advantage of conceptual
and analytical simplicity, and is the most pervasive approach in analyz-
ing energy subsidies (Lin and Jiang, 2011).

To the best of our knowledge, works referring to the Iranian energy
subsidies scheme are limited, and the work conducted by Jensen and
Tarr (2002) is unique in this context. They considered subsidy elimina-
tion under the assumption of redistributing subsidy revenue back to
household, whereas the Iranian government may take an alternative
option based on subsidy targeting program (STP).? Furthermore, envi-
ronmental aspects of energy subsidy removal are not considered in
this study. The IEA (1999) investigated the energy subsidy elimination
in Iran and suggested that 49.45% reduction of CO, emissions is associ-
ated with an unexpected reduction of 47.54% in energy consumption.
Subsidy rate of energy products, mechanism of the subsidy reform and
analytical framework® could be responsible for such results. Contrary
to the IEA study that expects a GDP growth of 2.22%, Jensen and Tarr
(2002) and Khiabani (2008) indicate that outputs in most of the sectors
decrease as a consequence of removing energy subsidies, resulting in a

2 This program was passed on February, 2010 by the Iranian Guard Council and it was
started to perform from 2011. As a main part of this program it was supposed to eliminate
petroleum product subsidies gradually. It was also supposed to transfer the subsidy reve-
nue back to the households in equal amounts. This is examined in this study. However, it is
important to note that the program failed to be performed completely since it faced some
problems.

3 IEA projections are derived from application of IEA's large-scale World Energy Model.

reduction in output of the Iranian economy as a whole. Recently,
Khalili Araghi and Barkhordari (2012) have examined the welfare ef-
fects of energy price increase together with the government compensa-
tion payment applying a partial equilibrium approach. They chose three
exogenous compensating payments of 4, 6 and 10 billion USD. The cor-
responding results show that under the above compensating payments,
the Iranian household will be better off by a 100% or 200% rise in energy
prices. However, their welfare will decrease with a 400% and 500% rise
in energy prices, if the government payment is 4 and 6 billion USD.

Having the second largest oil and gas reservoirs in the world, Iran is
the fourth largest producer and consumer of gas and holds the same po-
sition in the world in producing and exporting oil (Central Bank of Iran,
2009). The original intention of the Iranian government was to ap-
proach a higher level of employment and economic growth, stabilizing
prices as well as achieving social equality. However, no compelling evi-
dence exists to support achieving these objectives (Basranzad and Nili,
2005). From the environmental perspective, Iran faces tremendous
pressures as pollutant emissions are higher than the global average.
On average, per capita CO, emission in Iran is around 6.5 metric tons,
much higher than the corresponding world figure, i.e. 4.5 metric tons
(UN data, 2008). The considerable amount of energy subsidies in the
country (12.42% of its GDP in 2009) has resulted in increasing govern-
ment financial burden as well as GHG emissions due to years of over-
consumption of energy (Iran's Energy Balance, 2009; UN data, 2008).

The average subsidy” rate in Iran was estimated to be 80.42% in 1997
(IEA, 1999), accounting for the highest energy subsidy rates among the
eight largest non-OECD® economies. This figure reached nearly 75% in
2008. As shown in Table 1, subsidy at its lowest rate for electricity ac-
counts for 58.2%, while the highest rate is attributed to kerosene, of
which more than 96% of the international price is paid as subsidy.

Although the real prices of some energy products have slightly in-
creased, those of gasoil, gasoline and electricity decreased between
1991 and 2008 (Iran's Energy Balance, 2009), leaving a significant gap
between domestic and world prices. Energy use per USD 1000 output
(constant 2000 PPP$) increased from 201 kg oil equivalent in 1990 to
269 kg in 2008. The corresponding value among all countries as a
whole is also less than one-half of that for Iran (UN data, 2008).

Oil products, natural gas and electricity respectively account for
46.2%, 44.6% and 8.6% of total energy consumption in the country. The
corresponding figures for transportation system and industrial activities
are 26.5% and 22.1% respectively. The households, public sector, as well
as business services consume 36.8% of energy in total, and 3.7% is devot-
ed to the agriculture sector (Iran's Energy Balance, 2009).

As the Iranian government is facing greater challenges from the fi-
nancial burden of the energy subsidies and pollutant emissions, energy
subsidies have become a matter of great debate. The government has re-
cently commenced reforming the energy subsidy system and
redistributing it as a part of the STP. Two options are likely to be chosen
for the additional revenue received by the government. The first choice
is to redistribute it back to all households in equal absolute amounts
similar to that assumed by Jensen and Tarr (2003). Another option is
to redistribute the revenue based on the STP. According to the STP,
50% of the additional revenue is assumed to be received by the house-
hold in equal absolute amount and 30% transferred to producers as pro-
duction subsidy. These options are respectively called hereafter
Complete Payment (CP) and Half Payment (HP) scenarios.

Regarding the wide range of the energy subsidies and dependence of
activities on low price energy, cutting energy subsidies is expected to
exert some vague impacts on economic and environmental variables.

4 Energy product prices are initially subsidized by the government such that the price to
domestic consumers is fixed. Domestic consumers include both producers who use energy
products as intermediate input in production process and consumers who demand it for
final consumption. In the same way, energy subsidy elimination implies that subsidy will
be abolished for these two groups.

5 The eight non-OECD countries are China, India, Indonesia, Iran, Kazakhstan, Russia,
South Africa and Venezuela.
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Table 1
Domestic and international prices for energy products in 2008.
Subsidy Domestic prices International prices Subsidy
(Rials/1) (Rials/1) (Rials/I) share (%)
Gasoline 3986.6 986.0 4972.7 80.2
Kerosene 6057.9 237.3 6295.2 96.2
Gasoil 5036.5 644.4 5681.0 88.7
Fuel oil 22763 1545.3 3821.6 59.6
Liquid gas 3093.2 616.5 3709.8 834
Natural gas 358.6 102.9 461.5 77.7
Electricity 735.0 528.6 1263.7 58.2

Note: International prices are converted to Rials at the market exchange rate on the Tehran
Stock Exchange of 9428.5 Rials per Dollar in 2008.

It has been more than 10 years since the IEA and the Jensen and Tarr
studies, and there has been very little research focused on the impacts of
elimination of energy subsidies on the macroeconomic as well as envi-
ronmental aspects. Khalili Araghi and Barkhordari (2012) examined
welfare effects of energy price increase in Iran applying a partial equilib-
rium approach and covering only consumption side of a two-sector
economy, i.e. energy and non-energy, while it assumes an exogenous
compensating payment.® Another distinguishing feature of our study
even in welfare context is the income group-based welfare analysis as
households are considered in income deciles. Therefore, an in-depth
simulation and analysis of possible impacts of energy subsidy reform
is necessary. Exploring the possible sectoral, macroeconomic and envi-
ronmental impacts of removing energy subsidies while the subsidies
are redistributed back to the households under the two regimes is the
question that the rest of this paper aims to achieve. Sectoral impacts
contain output, relative price and net export changes and environmen-
tal impact is measured by selected pollutant emission.

The remainder of the paper is structured as follows: The model sec-
tion introduces the model features; the Simulation results section ap-
plies the Computable General Equilibrium (CGE) model to simulate
the impact of energy subsidy reform on macroeconomic and environ-
mental variables; conclusion and policy suggestions are presented in
the Conclusion section.

The contribution of this paper is threefold: First, the total emission of
the selected pollutants is decomposed into energy use, production pro-
cess and final non-energy use emissions. Second, to approach more pre-
cise criteria for welfare, Linear Expenditure System (LES) is used to
analyze welfare changes. Third, more households' income groups and
more pollutants are considered.

The model

The analytical instrument of the study is a static CGE. Our Small Open
Economy (SOE) model is designed for energy policy analysis with large
sectors. The model is a constant return to scale general equilibrium and
uses Social Accounting Matrix (SAM) data. Explanations of the equa-
tions may be found in de Melo and Tarr (1992, ch. 3); McDonald et al.
(2007); and Beghin et al. (2002). However, the model is designed spe-
cifically for Iran, having some features such as energy subsidies and
trade distortions that are compatible with the reality of the Iranian
economy. Although the trade policies are not our focus, we incorporate
the trade distortion caused by non-tariff barriers. Here, the general fea-
tures of the model are described. In the model, 26 sectors that can be di-
vided into some main groups including agriculture, agricultural
industries, manufacturing, mining, energy, services and transportation

5 The compensating payment in their study is based on energy subsidy of USD 20 billion
paid in 2009 that is considered as a constant. Then, they suppose percentage payments of
20%,30% and 50%. However, in CGE model applied to simulation we allow the subsidy rev-
enue to be endogenously determined and redistributed by the model. Furthermore, our
approach allows for examining additional effects such as changes in sectoral and total out-
put, CPI, government expenditure, emissions, etc.

sectors were considered. Agricultural industries are food, beverage
and tobacco industries, textile, leather and clothing industries, and
wood and paper industries. For brevity, the first two sectors are called
food and textile sectors, respectively. Manufacturing includes all indus-
trial sectors except for agricultural industries. Services accounts for all
service sectors except transportation. Energy sectors also contain
crude oil and gas and their products including gasoline, kerosene, fuel
oil, gasoil, liquid gas, natural gas as well as electricity.

As Table 2 shows, services (including transportation) have the
highest contribution to the Iranian economy, accounting for around
40%. Crude oil and gas and their products also contain 30.6% of the
GDP. Manufacturing sector including mainly metal, industrial machin-
ery, and chemical industries shares about 13.3% of the GDP followed
by agriculture as a whole, with a GDP share of 11.8%. Agricultural indus-
tries include food, beverage and tobacco industries, textile, leather and
clothing industries, and wood and paper industries and account for
GDP share of about 4.5%.

Goods are produced using primary factors and intermediate inputs.
Primary factors involve unskilled labor, skilled labor and capital. Labor
and capital are perfectly mobile and are capable of floating among sec-
tors, which yields unique wage rate and rental rate on capital for the en-
tire economy. The value added is produced by primary factors via
constant elasticity of substitution (CES) production function. The value
added makes up total production function with intermediate inputs
using Leontief production function. Production also exhibits constant
return to scale and individual firms behave competitively, selecting out-
put levels such that the marginal cost at those output levels equals the
given market price. Goods used as intermediates are an Armington
composite of domestic and imported goods. The world prices of
imported and exported goods are fixed, which implies the absence of
any terms-of-trade effects. Based on Euler's theorem, payments to pri-
mary factors exhaust value-added. This model uses a constant elasticity
transformation (CET) function to allocate total domestic output of sec-
tors between exports and domestic sales.

There are seven energy products in the model: gasoline, kerosene,
fuel oil, gasoil, liquid gas, natural gas and electricity, all of which are
heavily subsidized. Following Jensen and Tarr (2002), we assume zero
substitution between energy inputs as well as other intermediate in-
puts. This indicates that there is a roughly fixed physical relationship
among the energy products (Jensen and Tarr, 2003). As Manzoor et al.
(2011) showed, this can be reasonable for the Iranian case, however,
it should be noted that allowing non-zero substitution elasticity
among energy products may play a crucial role in carbon dioxide emis-
sion changes caused by energy tax policy (Sancho, 2010).

There are ten urban and ten rural household types in the model,
grouped from the poorest to the richest with an equal number of people
based on the 2008 Iranian Household Expenditure Survey. Households'
income mainly comes from labor income and profit distribution from
enterprises. After paying income tax and receiving transfers from gov-
ernment, the households receive disposable income. One part of the dis-
posable income is devoted to savings. The other is spent on
consumption of various goods, which is described with a LES. A welfare
change is also measured by Hicksian equivalent variation (EV).

Government revenue is derived from rents on crude oil, mining
products, import tariff revenues, and exogenous lump-sum taxes. Gov-
ernment expenditures which are subjected to income balance condition

Table 2
GDP share of the main sectors in Iran.
Sectors GDP  Sectors GDP
share share
(%) (%)
Agriculture 11.8  Manufacturing 133
Agricultural industries 4.5  Services 39.8

Crude oil, gas and their products 30.6 Transportation 5.4

Other services 34.4
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include government demand for goods and services, transfers to house-
holds, subsidies to energy products, and food subsidies. The exchange
rate in the model is also fixed and foreign capital inflow adjusted such
that the current account balances the value of exports and imports.

The equilibrium module includes market clearing and agents' in-
come balance conditions including the equilibrium of commodity mar-
ket, factor market, domestic transfer, international trade, and savings
and investment.

Another part of the model is environmental block, which expresses a
relation between total emission of the selected environmental pollut-
ants and the pollution sources. Pollution sources are energy use includ-
ing final and intermediate use, production process, and non-energy final
consumption. Regarding CO,, CH4 and N,O pollutant emissions mea-
sured in terms of CO, equivalent,” energy consumption and production
process respectively account for about 66% and over 30% of pollution,
whereas non-energy consumption process creates almost 4% of pollu-
tion. Around half of CO, equivalent energy consumption based emis-
sions belongs to natural gas followed by gasoil, fuel oil and gasoline
with shares of 18.7%, 12.9% and 12% respectively. In the case of
production-based emissions, agriculture and agricultural industries ac-
count for 20.3% and 5.6% respectively. Manufacturing and mining also
share 17.4% and 12.1% respectively. The rest of the production based
emissions of the mentioned pollutants belongs to energy sectors
(UNDP, 2010).

Total amount of emissions in the economy for each pollutant is de-
termined by the following equation:

ENp = Z ﬁgQXu -+ Z 'ng Z QINTHC + Z QCDch + Z Qchf
a c a h f

The first term represents what is called production process pollution
(QX,). It is the residual amount of pollution in production that is not ex-
plained by consumption of inputs (Beghin et al., 2002). The second
term, presented in the brackets, is the pollution assigned to direct con-
sumption of goods. The emission caused from the second term is de-
rived from the use of polluting intermediate input® “c” in the
production process “a” (QINT,.); consumption by the household “h”
(QCD¢); and by the other components of the final demand “f” (QQfy).
Parameter 1% is the estimate of emission per unit of input “c”. 35 is the
emission of pollutant “p” per unit of output in the production process
“a”. The selected pollutants also are CO,, CHy4, N20O, CO, NOy and SO,.
The first three pollutants are aggregated into CO, equivalent using the
corresponding transformation coefficients reported by the UNDP
(2010).

Data

Seven main data sources were used including: (1) Iran SAM table for
1999 (Central Bank of Iran, 1999); (2) household expenditure survey
(HES) for 2008 (Iranian Statistical Center, 2008); (3) policy data, includ-
ing subsidies to energy products from energy balance sheets for 2008
(Iran's Energy Balance, 2008); (4) agricultural sectors' cost and produc-
tion data for 2008 (Iranian Ministry of Agriculture, 2008); (5) GTAP 6
database to decompose labor account; (6) estimates of Iranian elastici-
ties from Jensen and Tarr (2003); and (7) emission of the selected pol-
lutants from the report of Iran's second national communication to
UNFCCC for 2010 (UNDP, 2010).

The modified applied SAM table provides data on the costs of inter-
mediate inputs and value added in 26 sectors and distinguishes house-
hold, government, investment and export demand and import supply
by sectors. The database of the Iranian SAM of 1999 was modified

7 —C0,, CH4 and N,0 are important in climate change and acidification (Kerkhof et al.,
2009).
8 Only energy products as intermediate input entail pollutant emission.

using the above-mentioned sources of (2)-(6) and aggregated most of
the industrial and services sectors, while agricultural sectors were
decomposed into more sectors.

The agricultural sectors and commodities were initially disaggre-
gated using shares of total costs and revenue. Industrial sectors other
than agriculture industries presented in the original SAM of 1999
were aggregated into one sector namely, manufacturing. Also, services
industries excluding transportation were aggregated into services.

Household accounts were also decomposed into 10 urban and 10
rural income deciles using HES data. We use share data from the HES
to decompose the data on rural and urban household demand.

Another modification is the decomposition of labor account into
skilled and unskilled labor, which is based on share values obtained
from GTAP 6. Incorporating subsidies including energy and food subsi-
dies as well as non-tariff trade barriers is another modification in our
SAM. Non-tariff barriers are a special case of trade distortion. We do
not focus on the trade distortions; however it is crucial to incorporate
such distortion to get a model more compatible with the Iranian econo-
my. Firstly, Tariff equivalent of non-tariffs was estimated using the
Iranian import data of 2009 (Iranian Custom Administration, 2009). It
was then incorporated like the tariffs account in the SAM.

Also, the emission data of the production process was disaggregated
to make the pollutant emission compatible with the model sectors. This
is disaggregated based on the data available in the report of Iran's sec-
ond national communication to UNFCCC for 2010 (UNDP, 2010).

Simulation results

The model was run for removal of the energy subsidy under two sce-
narios of revenue redistribution, i.e. Complete Payment (CP) and Half
Payment (HP) scenarios. In both scenarios, the part of revenue that ac-
counts for the households is redistributed among all households in
equal absolute amount. Production subsidy is also distributed among
the sectors based on their energy cost share. It is worth to note that en-
ergy subsidy is removed for both producers who use energy as input in
production process and consumers who use it for final consumption.

In this section, the macroeconomic and sectoral impacts of the sce-
narios are discussed (Table 3), followed by changes in welfare and pol-
lutant emissions.

Macroeconomic and sectoral impacts

The macroeconomic and sectoral impacts of the scenarios are pre-
sented in Table 3. We focus briefly on energy and energy intensive sec-
tors including manufacturing, transportation and services. In both of the
scenarios, removing the energy subsidies expands the output in agricul-
tural and agricultural-industries sectors, while the output of the other
sectors decreases. Less than 2% of the production costs of agriculture
sectors are assigned to energy, leaving an insignificant role for energy
inputs. On the other hand, more than 80% of production value is allocat-
ed to value-added factors. Drawing these factors away from the sectors
in which output decreases with the removal of energy subsidy as well as
a decrease in their relative prices makes it suitable for agriculture sec-
tors (except for aquaculture) to expand their output compared to the
initial equilibrium.®

The rising energy prices, after removing subsidies, result in the rising
prices paid by the consumers, lowering demand for energy products
and their relative prices. On the other hand, direct payment to all house-
holds increases their incomes, especially those of the poor, causing de-
mand for energy products to go up. As shown in Table 3, CP policy
increases the private consumption by households including energy
products consumption relative to their initial level. In the CP option,
producers pay higher prices for the energy products compared to the

9 Initial equilibrium refers to the situation of variables before implementing the energy
subsidies removal.
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Table 3
Sectoral and macroeconomic impacts of energy subsidies elimination (%).
CP scenario HP scenario
Sectors Output Prices Net export Output Prices Net export
Wheat 20.7 204 —110.7 143 5 —32.6
Rice 55.1 -3 —413 17.3 —1 —13.7
Sugar beet 50.8 7 - 19.8 1 -
Cotton 46.3 —0.6 49.1 16.6 -2 115
Maize 14 -19 —-76 9 —-2.7 —-04
Barley 104 9 —43.1 7 1.2 —10.8
Livestock 124 59 —74 7.1 —-03 —121
Forestry 9.1 —35 78 6 —2.6 32
Aquaculture —11.1 355 —54.5 —22.7 15.4 —59.6
Other agriculture 13.6 —43 30.5 13.6 —4 249
Mining —24 15.1 —60.9 —6 13 —25.7
Food, beverage and tobacco 448 6.6 —2884 17.5 —0.7 —39
Textile, leather and clothing 34.7 —33 49.6 10.2 —43 21.1
Wood and paper 10.1 4.1 —26.9 8.7 —04 —85
Crude oil and gas -7 —10.9 164 —13.7 —-79 1.2
Gasoline —15.7 —9.1 36.8 —93 —6.9 26.9
Kerosene —36.4 —10.6 —11.32 —42.2 —78 —26.7
Gasoil —74 —9.8 245 —28 —74 20
Fuel oil 162.1 —323 229.3 74.5 —205 105.2
Liquid gas —47 —22 —336 —783 —15.6 —74.6
Other oil products —32.2 31.6 —450 —10.7 — —166
Natural gas —36 -7 - —6.8 —6 -
Electricity —18 10 —26 —1.5 1.6 —19.7
Manufacturing —0.9 3.1 —16.6 1.9 —-13 0.7
Transportation —16.9 449 —7275 —53 15.5 —340.1
Services —6.1 —0.1 7 43 —04 —-7.7
Macroeconomic variables CP scenario HP scenario
GDP —20.71 —15.23
CPI 13.31 10.42
Government expenditure —27.94 —19.91
Final consumption 28.20 4.50
Investment —8.96 —8.91
Exports 23.29 431
Imports 3391 6.71
Net export 137 0.01
Factor prices
Unskilled labor —16.87 —9.33
Skilled labor —22.23 —9.61
Capital —18.55 —14.55
Factor employment
Unskilled labor —2.58 —1.81
Skilled labor —2.76 —1.82
Capital —2.64 —1.92

initial equilibrium while they get no subsidy from energy subsidy reve-
nues, resulting in a large decline in intermediate demand for energy
products. Contrary to the increasing private demand for energy prod-
ucts by households, the total demand for energy products is expected
to decrease due to the large decline of intermediate demand. Intermedi-
ate demand for energy products is much higher than their private final
demand. Decreased demand results in lower prices received by energy
producers relative to the initial equilibrium, while the price paid by en-
ergy consumers increases relatively. Production of energy products,
compared to their initial level decreases as result of a decrease in pro-
ducer price, however, fuel 0il'? output tends to increase significantly
under CP option. Two sources may be mentioned for these changes.
First, contrary to the other energy products, a greater part of fuel oil pro-
duction value accounts for value added factors that experience a signif-
icant price decrease. So, resource reallocation that allows for lower

10 Fyel oil is of heavier products of petroleum. Its density is over 900 kg/m?>. It covers all
residual (heavy) fuel oils (including those obtained by blending). Kinematic viscosity is
above 10 cSt at 80 °C. The flash point is always above 50 °C (OECD/IEA, 2005). Fuel oil is
often used for power generation, however, metallurgical industries, refineries, cement
works and electroplating industries also use fuel oil (World Bank, 2004).

production costs may be responsible for a part of significant output ex-
pansion compared to the initial level. Second, export expansion is ex-
pected to induce an increase in output. Especially, the substitution of
fuel oil by gas in power generation creates a surplus of fuel oil that can
be exported. Fuel oil exports from this source were around 80 mboe in
2001 (World Bank, 2004).

Under CP scenario, removing energy subsidies leads to an increase in
production cost of manufacturing and transportation as energy-
intensive sectors, causing a decrease in their outputs by 0.9% and
16.9%, respectively, compared to their initial levels. According to the
same analysis procedure, increasing production costs of services also
decreases its output by 6.1%.

Net exports of most of the sectors decrease compared to their initial
levels, however, crude oil and gas and services that account for around
two-thirds of the Iranian GDP benefit from the energy subsidy reform.
This may be induced by falling domestic demand for their products.

Simulation results of cutting the energy subsidy under HP scenario
are shown on the right hand side of Table 3. From the aspect of output
changes direction, the results are similar to those of CP option with
the exception of the manufacturing and services sector. From the aspect
of relative price changes, the exceptions are livestock, food, wood and
paper, and manufacturing sectors.
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Table 4
Welfare impacts of energy subsidies elimination in Iran (%).
Income payment scenario Income deciles 1 2 3 4 5 6 7 8 9 10 Overall
Urban CcP 113.9 70 52.6 42.8 334 28.5 203 124 5.52 —104 248
HP 46.3 209 12.8 8.6 34 0.6 —34 —6.3 —8.2 —11.7 1.1
Rural CP 259.6 156.5 120.7 102.9 84.2 70.2 55.2 44.5 28.8 6 61.1
HP 126.3 74.7 56.6 48 383 31.7 244 18.8 10.7 —-19 26.6

Energy products price level, with the exception of electricity, in the
HP scenario is higher than in the CP option. Although final demand by
households is expected to decrease due to cutting income transfer by
one-half in HP scenario, considerable increase in intermediate con-
sumption of energy products may cause such result. More than 70% of
energy products intermediate consumption belongs to energy-
intensive sectors (transportation, manufacturing and services). Expan-
sion in the output of these sectors in HP scenario compared to CP is
the main source of increased intermediate consumption and higher
prices of energy products under HP scenario relative to CP option.

Net export of all sectors, except for manufacturing and services,
changes in the same direction in both scenarios. However, the net ex-
port changes are larger in absolute value in CP scenario. In other
words, energy subsidy elimination associated with HP policy results in
lower trade compared to CP option. The possible reason for this differ-
ence is the energy products use. Under HP scenario as mentioned be-
fore, more energy products are expected to be used as intermediate
input compared to CP one. As shown in Table 3, much more crude oil
and gas are exported under CP scenario. In other words, higher energy
product use under HP option compared to CP scenario results in lower
export of crude oil and gas that is the leading sector in export.

As shown in the lower part of Table 3, removing energy subsidies has
a significant impact on macroeconomic variables. Regarding the macro-
economic consequences of energy subsidy elimination, HP seems a
more attractive option than CP, since changes in all variables, except
for private consumption and trade, are more desirable under HP com-
pared to CP scenario. While GDP falls by 20.7% compared to its initial
level in CP scenario, the corresponding relative reduction is less than
16% in that of HP. Higher GDP under HP compared to CP option results
from lower producer prices. These changes correspond to a 13.3% and
10.4% increase in CPI relative to its initial level, respectively. The relative
increase of CPI seems considerable, especially at an inflation rate of 22%
in 1990-2009 (UN data, 2008). Employment and factor prices also are
relatively higher in HP scenario compared to CP scenario. However, pri-
vate consumption is relatively much higher under CP. In spite of de-
creased government transfer to household in the HP option, its
expenditure level is higher than that of CP scenario. HP is also preferred
from the equity consideration point of view as it increases labor-capital
price ratio more than the CP does, as a result of the fact that labor is
owned by the poor rather than the rich households. However, in
terms of employment changes there is a limited difference among pri-
mary factors.

Welfare impacts

The welfare impacts of eliminating energy subsidies measured in
terms of EV are presented in Table 4. These impacts come from changes
in the relative price of commodities and income earned by the house-
holds. As Table 3 indicates, elimination of the energy subsidies results
in increased prices paid by consumers relative to the initial equilibrium
while earning income from primary factors, especially capital return de-
creases. However, income transfer raises household income. In other
words, income effect outweighs the consumption effect for most house-
holds, leading to higher welfare effects for most of the households. Espe-
cially, the poor receive a disproportionally large share of the transfers
relative to their current incomes, leading to significant increase in
their consumption. As Table 4 shows, removing energy subsidies

under CP scenario increases the welfare of almost all income deciles ex-
cept that of the urban's richest. The welfare gains for rural income
groups are stronger since they have such low income that distribution
of these revenues represents a significant share of their incomes.
Urban and rural households' overall welfare gain from CP is 24.8% and
61.1%, respectively.

Welfare impacts of HP scenario are different from those of the CP op-
tion. As the results show, welfare gains for most of the rural income
groups are around half of the gains obtained for CP option. Urban house-
holds' welfare changes strongly depending on revenue payment option,
and while the vast majority of rich families in urban areas lose welfare
under HP scenario, only the richest urban households face welfare re-
duction under CP program. Under HP scenario and compared to their
initial levels, urban and rural income groups gain on average 1.1% and
26.6%, respectively. Khalili Araghi and Barkhordari (2012) also suggest
a welfare gain for the Iranian households under scenario of 50% transfer
of subsidy income transfer.

In general, the mentioned revenue distribution scenarios have two
desired distributional impacts. First, they increase rural income groups'
welfare more significantly than that of urban groups. Second, the low
income groups experience a higher welfare increase compared to rich
households. Even some of the richest household groups lose welfare rel-
ative to their initial levels.

Environmental impacts

Changes in emission of selected pollutants are shown in Table 5. Gas-
oline, gasoil, fuel oil and natural gas are the main pollutant producing
products among the energy products.!' Removing the energy subsidies
reduces production and consumption levels of energy products except
for fuel oil (Table 3); however, reductions for liquid gas and kerosene
are higher than other energy products, followed by gasoline. About
half of all natural gas is consumed by households; as a result, its con-
sumption is not reduced significantly due to income transfer.

More considerable decrease in gasoline consumption compared to
other energy products is the source of higher energy-based emission re-
duction of CO. Around 60% of CH, is released from gasoline consump-
tion, so a significant energy-based emission reduction of 12.9% and
9.4% in CP and HP scenarios is observed, respectively. High involvement
of gasoline and gasoil in energy-based emission of N,O results in its sig-
nificant emission reduction.

Among the other energy-based pollutants, CO, and NOy are released
mostly by natural gas. Insignificant reduction in natural gas consump-
tion, relative to gasoline and gasoil, does not permit more reduction of
CO, and NOy emission. Under CP scenario, cutting energy subsidies
would increase fuel oil consumption compared to the initial equilibri-
um. In spite of gasoil consumption reduction, however, removing ener-
gy subsidies causes SO, energy-based emissions to fall by only 2.6% due
to increased fuel oil consumption.

The HP scenario indicates that removing the present energy subsi-
dies and reallocating part of them to production will induce higher con-
sumption of fuel oil, gasoline and gasoil compared to their consumption
levels in CP scenario. However, natural gas consumption falls as house-
holds receive less income compared to CP option. Natural gas is

1" These energy products account for more than 92% of energy-based emission of the se-
lected pollutants (Iran's Energy Balance, 2009).
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Table 5
Impact of energy subsidies elimination on pollutants emission in [ran (%).
Emission sources Income payment scenario CO, NH4 N,O CO; equivalent co NO, SO,
CP Energy consumption —82 —129 —10.2 —82 —15.6 —176 —26
Production process 4.1 17.3 17.2 104 9 —14 -7
Non-energy final consumption - 204 274 24 - - -
Total —58 17.5 185 —13 —14.5 —75 —2.8
HP Energy consumption —8.1 —94 —5.5 —8.1 —94 —49 1.9
Production process 2.1 4.2 10.8 3.9 8.2 32 —13.7
Non-energy final consumption - —0.6 4.2 1.9 - - -
Total —6.2 33 7.3 -4.1 -8.7 -4.8 14

considerable in emissions of CO, and NO,, which show limited changes
relative to CP scenario. Under CP option, emissions of CO, and NOy re-
duce by 8.2% and 7.6%, respectively, while in HP scenario, the corre-
sponding reductions are 8.1% and 4.9%, respectively. This happens
because reduction in natural gas consumption under HP program rela-
tive to CP scenario is spoiled by the relative increase in consumption
of gasoil and gasoline.

Emissions of CH4, N2O and CO from energy consumption sources
tend to decrease as energy subsidies are cut; however, due to relative
increase in consumption of gasoline and gasoil, their corresponding
levels in HP scenario are higher than those in CP. Increase in fuel oil con-
sumption is also responsible for the increase in energy-based SO, emis-
sions by 1.9%.

Cutting energy subsidies leads to increased emissions of most pollut-
ants from the production process. More than 85% of CO, emissions
caused by production come from sectors whose outputs tend to fall as
energy subsidies are removed. However, cutting energy subsidies in-
creases CO, production based emissions. Much of this emission increase
stems from expansion in fuel oil production (Table 3).

Reduction in production process emission of CHy, caused from fall-
ing output of energy sectors, is outweighed by increased production of
livestock and food industries that account for about one-third of
production-based emissions, resulting in CH, emission growth. In-
creased emission of N,O is mainly due to output expansion of agricul-
ture sectors.

More than 44% of production-based CO is emitted from manufactur-
ing production; the rest is emitted by agriculture sectors. So, increased
agriculture output is the main source of CO production-based emission
growth of more than 8%.

NOx emission from the production process is highly dependent on
manufacturing and mining production, changing with their output cor-
respondingly. In the same way, production-based emission of SO, de-
creases correspondingly with crude oil and gas output.

Despite the increase in the general level of prices (CPI) compared to
their initial levels, households' final demand significantly increases in
CP scenario (Table 3), leading to increased consumption-based emis-
sions of CH4 and N,O by 20.4% and 27.4%, respectively. Although
redistributing half of energy subsidy revenue to the households (HP op-
tion) increases consumption by 4.5% (Table 3), changes in consumption
composition induce CH4 emissions to not change significantly. N,O
emission also increases correspondingly in HP scenario; nevertheless,
it is much lower than that of the CP option.

There are differences between CP and HP scenarios in terms of total
emissions, including production-based, energy and final non-energy
consumption emissions. Regarding the total emissions of CHy, N,O
and CO, measured in terms of CO, equivalent, HP scenario seems pref-
erable to the CP one. This preference, to a considerable extent, is due to
relative reduction in CH4 and N,0 emissions from final non-energy con-
sumption under HP program. While CO, equivalent emission decreases
by 1.3% in CP scenario, the corresponding reduction in HP option is 4.1%.
Considering the emissions of other pollutants including CO, NO, and
SO,, CP scenario may be preferred to that of HP, caused mostly from fall-
ing energy consumption. For quantitative comparison of the scenarios,
we applied the World Bank (2004) estimates for damage costs of

pollutants that contain three ranges of low, medium and high levels.
We aggregate CH4, N,O and CO, into CO, equivalent. Based on the me-
dium estimate,'? the value of decrease in emission of pollutants will
amount to 527.3 and 492.1 million USD in CP and HP scenarios, respec-
tively. If we consider low estimates, the corresponding values would be
242.6 and 180.3 million USD. However, the priority of the scenarios
changes in reverse order if we use the high estimates, as it corresponds
to 16,850 and 29,585 million USD damage cost reduction in CP and HP
options, respectively. Thus, from an environmental point of view, CP
scenario is not necessarily preferred to HP.

From an emission reduction point of view, energy subsidy elimina-
tion success is limited to decrease in emissions from energy consump-
tion, while emission of some pollutants from the production process
and final consumption tend to increase.

Conclusion

The Iranian government has two options, i.e., CP and HP scenarios, to
prevent negative impacts of the energy subsidy elimination. Irrespec-
tive of the policy options, removing energy subsidies is a considerable
shock as it is expected to decrease the Iranian GDP relative to the initial
equilibrium by at least 15% via resource reallocation and to contribute to
the Iranian inflation by more than 10%.

Removing the energy subsidies, especially under CP scenario, is ex-
pected to change the output composition in favor of agriculture and
agriculture-based industries as they are less dependent on energy.

In general, three implications may be derived from the findings con-
tributing to show the applied scenario differences. First, all macroeco-
nomic variables with the exception of final consumption and net
export are expected to experience desirable changes as a result of re-
moving energy subsidies basically under HP scenario compared to
implementing it under CP option. Final consumption by households
would increase by 28.2% under CP scenario, while rising by only 4.5%
in HP option. As far as the welfare changes and especially the welfare
gains of vulnerable groups are concerned, the first six urban income
deciles and all of the rural groups, except the richest decile, still experi-
ence welfare gains under HP scenario. In other words, a great part of the
differences in consumption under the two policy scenarios results from
reduction in high income groups' consumption under HP option, leaving
fewer concerns about lower consumption in HP.

The second implication is the environmental aspects of the policy
options. Based on the low and medium estimates of damage cost, CP is
preferred to HP as it results in further decrease of emission damages,
whereas the latter is preferred to the former option taking the high es-
timate damage cost into account. As far as the environmental context is
concerned, under CP scenario a considerable decrease in energy-based
emission of the pollutants is outweighed by higher emissions caused
by non-energy final consumption, therefore significant attempts in re-
ducing pollutants emitted from energy consumption may be spoiled
easily by increasing final consumption. Generally speaking, in terms of

12 Medium damage cost estimations for CO,, NOx, CO and SO, are 10, 600, 188 and 1825
USD per ton, respectively.
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environmental aspect, it is difficult to determine the better choice
among the policy options.

Third, there is a political issue that may contribute to the preference
for the HP option over CP. In general, subsidizing the energy is a distor-
tion and it is suggested that the subsidies to some socially inevitable
cases and, especially to anti-poverty programs be limited. Therefore,
we should expect the Iranian government to finally plan to perform
the subsidy program in limited form. Redistribution of the whole of
the subsidy revenue back to households (CP option) makes them
more dependent on the income transfer program, and more difficulties
are expected in the future with regards to shrinking the income transfer
or to targeting it toward vulnerable groups. Thus, by choosing the HP
scenario policy makers may face fewer administrative problems.

Based on the above implications, energy subsidies should be re-
moved where the HP scenario is chosen. However, as a result of the in-
creasing prices and their association with the current high inflation in
Iran, redistributing a part of the subsidies back to all households in gen-
eral and to vulnerable groups specifically, is strongly recommended.

Several possible extensions of this study are proposed for future
studies. First, potential efficiency gains resulting from higher energy
prices were not covered and should be addressed. Second, an alternative
option for subsidy revenues is to invest them. Third, we applied a static
CGE model; a more comprehensive investigation may be achieved using
a dynamic CGE model.
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