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Abstract Energy subsidies are causing adverse effects on the economy and environ-
ment stimulating inefficient resource allocation and excessive energy consumption.
Therefore, multiple positive effects are likely to be obtained if subsidies are reduced
or removed completely. This study estimates indirect end-user energy subsidies in
gas and electricity sectors of Ukraine and assesses short-term environmental and so-
cioeconomic effects of a hypothetical elimination of these subsidies. Consumer sub-
sidies are quantified utilizing the price-gap approach that compares end-user prices
and reference prices that would predominate in competitive markets where no sub-
sidies are provided. Input–output analysis is undertaken to investigate impacts in the
short-term. First, a price model is utilized to estimate price changes resulting from
subsidy elimination and then a demand-driven IO model is adopted for estimation of
associated changes of environmental and social variables. As a result of elimination
of energy subsidies, total energy consumption and GHG emissions would decline
by about 2.5 % and 3.6 %, respectively. In addition, distributional effects of a sub-
sidy reform are analyzed utilizing data on consumption patterns of different income
groups.
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1 Introduction

In order to mitigate climate change and accelerate transition toward a more sustain-
able development path, massive investments are required for energy efficient and re-
newable energy technologies. Instead, large amounts of money are spent annually
to stimulate production and consumption of conventional energy. Governments pro-
vide support either explicitly through subsidies or implicitly through interventions in
energy prices and fuel allocation. Theoretically, subsidies could be justified if they
increase overall social welfare. However, fossil-fuel subsidies are seen as having a
net negative effect since they distort the economy and stimulate environmental dete-
rioration (Ellis 2010). Although in OECD countries energy subsidies have decreased
considerably over the past two decades, subsidies are still pervasive in developing
countries and transition economies (UNEP 2004).

Direct state support for energy sectors is not large in Ukraine compared to very
high implicit subsidies due to under-pricing of energy products. Gas, electricity, and
district heating tariffs for households are set by the state at very low rates, which do
not reflect full costs for maintenance and capital investments (IEA 2006b). Under-
pricing of energy distorts the economy of Ukraine and is one of the most important
factors of its persistently high energy-intensity. As of 2009, it was at the level of
0.40 Total Primary Energy Supply (TPES)/GDP (ppp) (toe per 1000 USD at 2000
prices) compared to 0.37 for non-OECD Europe and Eurasia and a world average
of 0.19TPES/GDP (ppp) (IEA 2011a). Energy consumption is also responsible for a
large share of GHG emissions of the country. In particular, GHG emissions from fuel
combustion amounted to 240.6 million tons CO2-eq., i.e., 57 % of the total country
emissions in 2008 (MENR 2010).

In the early 1990s, GHG emissions of the country had fallen drastically as a result
of the collapse of the Soviet Union and resultant crash of the national economy with a
GDP drop of about 50 % (SSCU 2009a) in 1995 compared to 1990 levels. Neverthe-
less, Ukraine is among the top 20 largest CO2 emitters in the world (United Nations
Statistics Division 2010), with one of the highest carbon intensities of 0.89 kg CO2-
eq/GDP (PPP), which is slightly higher than for non-OECD Europe and Eurasia, but
almost twice as large as the world average (IEA 2011a).

Since the mid-1990s, the economy has gradually recovered and GHG emissions
have started to rise. However, in situations of frequent political instability and heavy
economic and social problems, environmental issues and climate change in particular
are far from being a priority on the political agenda.

A number of modeling studies show evidence that reduction or elimination of en-
ergy subsidies could bring environmental and economic gains (for a good review, see
Ellis 2010). Similarly, the IEA (1999) suggests that elimination of energy subsidies
is likely to address all three dimensions of sustainable development. Environmental
benefits would be obtained through efficient pricing leading to reductions of envi-
ronmental pollution. Social welfare could be improved by redirecting public funds
spent on subsidies toward social needs. Economic advantages could be derived from
increased efficiency of resource allocation and reduced public expenditures.

A number of studies have been undertaken to estimate environmental and
economic impacts of phasing out energy subsidies in developing and transition
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economies (e.g., Saboochi 2001; Saunders and Schneider 2000; Lin and Jiang 2011).
However, according to our knowledge, no papers have previously analyzed the likely
effects of the removal of end-user energy subsidies (i.e., energy price distortions) for
the Ukrainian context. In addition, conclusions derived for Ukraine could also be rel-
evant for other transition economies since the majority of post-Soviet countries inher-
ited highly energy-intensive economies due to relative abundance of energy resources
in the Soviet Union and state control of energy prices. Therefore, the objective of this
study is to estimate end-user energy subsidies in gas and electricity sectors of Ukraine
and assess environmental and socioeconomic effects of a hypothetical elimination of
energy subsidies.

The paper does not consider direct subsidies (i.e., direct payments made by the
government) either to consumers or producers but focuses on implicit consumer
subsidies following the definition and approach of the International Energy Agency
(1999). We adopted a broad definition of energy subsidies as any government policies
or measures could directly or indirectly influence prices or costs. These subsidies are
estimated as a price-gap between actual prices and market prices, which would pre-
vail in the absence of subsidies. In this paper, we focus only on consumer subsidies
in electricity and gas sectors. Indirect consumer subsidies for the oil and coal sector
are not considered since previous studies have shown that prices of oil products are
close to market levels and consumer subsidies for coal did not take place in Ukraine
(e.g., IEA 2006a, 2008, 2011b).

Section 2 provides an overview of the previous estimates of energy subsidies in
Ukraine and reviews the literature for environmental and socioeconomic effects of
a hypothetical subsidy reform. Section 3 elucidates theoretical underpinnings of the
price-gap approach and input–output analysis, describes the data utilized in the anal-
ysis, and points out limitations of this paper. Section 4 presents the main findings
of the study. Finally, conclusions and policy implications of the hypothetical energy
subsidy reform are summarized in Sect. 5.

2 An Overview of Previous Estimates of Energy Subsidies in Ukraine and
Impact Assessments of Removal of Subsidies

First estimations of energy subsidies for developing countries and economies in tran-
sition are dating back to the 1990s. For example, the pioneering study by Larsen and
Shah (1992) estimated energy subsidies in the countries of the former Soviet Union
amounting to 172 billion USD. However, only few estimates have been carried specif-
ically for Ukraine. Perhaps, the first one and the most detailed to date is the case study
prepared by Petri et al. (2002) that computed quasi-fiscal activities in gas and elec-
tricity sectors being equal to 6.5 % of GDP in 2000. Saavalainen and Berge (2006)
calculated the quasi-fiscal deficit for the same sectors as being 5.3 % and 3.1 % of
GDP, respectively. Legeida (2001) analyzed both explicit and implicit subsidies in
Ukraine’s economy in 2000. IEA (2006a, 2008) calculated consumer energy subsi-
dies from under-pricing for the 20 largest non-OECD countries. According to IEA’s
estimates, in Ukraine subsidies for gas consumption reached about 12 billion USD in
2005 and 10 billion USD in 2007. Subsidies for electricity were significantly lower,
2.5 billion USD in 2005 and around 4 billion USD in 2007.
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Estimation of macroeconomic effects of energy price shocks is an important and a
well-established field of research; numerous studies have been carried out to investi-
gate effects of steep increases of energy prices at the international and regional level
as well as for individual countries (e.g., Bohi 1991; IEA 2004; Lardic and Mingnon
2006; Nasseh and Elyasiani 1984; World Bank 2005). The gas conflict between Rus-
sia and Ukraine in 2006 and resultant abrupt price increase of imported gas stimulated
research on the effects of energy price shocks on Ukraine’s economy. For example,
the Institute for Economic Research and Policy Consulting (IER) in Ukraine (2006)
estimated, using a Computable General Equilibrium (CGE) model, that an increase
of the gas price by 60 % triggered by a sharp price increase of imported gas could
result in an annual 5.5 % decline of real GDP and about a 20 % decrease of total
welfare in the medium-term (about 7–10 years) after the economy has fully adjusted
to the external price shock. Chemical industry and metallurgy are expected to be the
most vulnerable with about 80 % decline of aggregate output. It has been estimated
that in order to mitigate the effect of a large price increase, i.e., prevent the drop of
real GDP, domestic gas consumption should be reduced by 36 %, which equals a
12 % decline of the energy-intensity of the economy. Another study by IER (2007)
has shown that energy market reforms coupled with investment in energy efficiency
and expansion of domestic gas production could counteract negative effects of energy
price shocks. In particular, an approximate three times increase of the domestic price
of gas and about 2 times for electricity and heat could reduce total primary energy
supply (TPES) by about 50 % over a 10-year time horizon.

A World Bank (2005) study utilized a simple Net Import Model to quantify short-
term effects of oil and gas price shocks on Ukraine’s economy. Depending on the
scenarios employed, GDP would decline within the range of 0.4–8.6 % for the first
year of the price shock and 0.2–6 % of GDP during the second year. Flanagan et al.
(2007) used statistical modeling to quantify effects of a 10 % increase in the import
price of gas over the short and medium-term period. In the near term (1 year), output
could decline from 0.09 % to 0.43 % (depending on the method) and inflation could
increase by up to 1.17 %. Mid-term effects on output would be higher (from 0.47 %
to 0.50 %) while inflation rate could decrease to 1.06 %.

In spite of all modeling estimates, Ukraine’s economy has proven to be more re-
silient to external price shocks than expected. GDP growth remained positive in 2006
and even counteracted declining tendencies recorded in 2005 (Pirani 2007). The au-
thor notes that the main reasons for this are high prices of exporting products, partic-
ularly metals, energy efficiency improvements, and consumption-induced growth of
the economy.

Historically, energy subsidies have been introduced to ameliorate important social
issues; however, it might not have been the most efficient method to address them.
The only case when energy subsidies could be justified is when increasing energy
production and consumption beyond economically efficient levels is the only possible
way to achieve important policy targets, which is very difficult to prove in reality. In
fact, direct transfer of funds could be a more efficient approach to deal with social
problems than subsidizing energy consumption (IEA 1999). For example, Kebede
(2006) examined the effectiveness of energy subsidies for kerosene and electricity in
Ethiopia and came to the conclusion that subsidies benefit more nonpoor households
than low income groups.
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Similar to carbon pricing policies, removal of subsidies is likely to have negative
distribution effects (Feng et al. 2010; Kerkhof et al. 2008) since low income groups
are usually spending a larger share of their income on utilities, which would increase
prices considerably if gas and electricity subsidies are abolished. A number of stud-
ies were carried out previously to examine distributional effects of energy subsidy
reform in developing countries (Gangopadhyay et al. 2005; Kebede 2006; Parvin and
Banouei 2009; Soheir et al. 2009). For example, Saboohi (2001) found evidence that
negative effects could be minimized and net income of the poor in Iran could even
increase if the energy subsidy reform is accompanied by a mechanism of recycling
back of some revenues to lower income households.

A limited amount of literature is available on the affordability of basic utility ser-
vices and susceptibility of price increases for low-income households in transition
countries (e.g., Fankhauser and Tepic 2007; Fankhauser et al. 2008; Lampietti et al.
2001; Lampietti and Meyer 2002; Lovei et al. 2000). Dodonov et al. (2004) examined
vulnerability of poor households in Ukraine to increases of electricity tariffs and came
to conclusion that adjusting electricity prices up to cost-covering levels estimated by
the National Electricity Regulation Commission (NERC) would not cause consider-
able welfare losses for households. However, the authors claim that further increases
up to the average OECD levels, to reflect long-run marginal production costs, could
have adverse social consequences and should be implemented in a stepwise fashion.

Elimination of subsidies is the initial step for establishing the level of emissions
at the “socially optimal level” with the subsequent implementation of carbon pricing
policies aiming to internalize externalities (World Bank 1997). However, in situations
when energy prices simply do not reflect opportunity costs or long-run marginal pro-
duction costs in developing countries and economies in transition, phasing out en-
ergy subsidies alone could be perceived as effective climate mitigation policy. Since
energy consumption and GHG emissions are intrinsically coupled, a price-induced
decrease of energy use would eventually result in reduction of GHG emissions. For
example, Burniaux et al. (2009) estimated using the OECD ENV-Linkages model
that gradual elimination of subsidies over the period from 2013 to 2020 (assuming
no other mitigation policies are taken) would result in a ∼20 % reduction in CO2
emissions in Russia and other non-EU Eastern European countries.

3 Methodology

3.1 Price-Gap Approach

The underlying presumption of the price-gap approach is that energy subsidies de-
crease prices of energy goods and services, thereby, leading to increase in consump-
tion. The “price gap” is the difference between final consumer prices and reference
prices that would dominate in competitive markets where no subsidies are provided to
either consumers or producers (IEA 1999). Theoretical underpinnings of the method-
ology were developed by Corden (1957). Larsen and Shah (1992) applied the price-
gap approach for quantification of global fossil-fuel consumption subsidies. Later,
the method was used by the IEA (1999, 2006a, 2006b, 2008) for estimation of energy
subsidies in the largest non-OECD countries.
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The price-gap approach is described in detail by IEA (1999). The basic idea to
compare end-user energy prices with reference prices is very simple; however, prac-
tical application of the method is less straightforward since some assumptions need
to be made for calculation of reference prices. End-user prices correspond to actual
energy prices paid by final consumers. These prices reflect current energy pricing
policy of a country and incorporate all taxes and fees as well as reductions and re-
bates imposed on energy products and services. Reference prices indicate the prices
at undistorted market and reflect full opportunity cost of energy consumption. Either
international market prices or long-run marginal cost of production could be used
as a benchmark for reference prices of energy products. For traded goods, the ref-
erence price is calculated based on the export or import border price, for nontraded
products, production cost forms the basis. Importantly, border price and domestic
production cost should be equal to an ‘ideal’ competitive market. Domestic produc-
tion cost should be estimated based at the international price even if the product
could be produced domestically at the lower cost (OECD 2010). Internal transporta-
tion and distribution costs are also incorporated in the reference price. In addition,
Value Added Tax (VAT) and other country-specific general transaction taxes should
be included. These taxes “are part of the cost of doing business” and do not influence
comparative prices between energy products and other goods, and hence, economic
efficiency of resource allocation (p. 76 in IEA 1999). However, energy taxes should
not be used for calculation of reference prices since they partly offset subsidy-induced
effects on final prices and consumption. Therefore, subsidies for final energy and gas
consumers in Ukraine are calculated utilizing the following equation:

Sc = Q(Pr − P) (1)

where Sc is defined as consumer subsidies for gas or electricity, P —end-user price
including subsidies, Pr—estimated reference price excluding subsidies and Q—total
consumption of gas or electricity. Final prices are differentiated depending on the
consumer group, quantity of energy consumed (the price increases with higher en-
ergy consumption), and availability of meters. Since energy consumption data for
each group of consumers (with different energy consumption and with or without
meters) is not available at a very detailed (price differentiation) level, it was decided
to compare actual cost, reported by the Ministry of Fuel and Energy (MFE 2009) and
estimated reference cost for a given quantity of energy consumed. Thus, Eq. (1) could
be presented in the following way:

Sc = Cr − Ca (2)

where Ca = PQ is defined as actual cost of gas or electricity consumed at the cur-
rent end-user prices reported by the Ministry of Fuel and Energy of Ukraine (MFE
2009) and Cr = PrQ is defined as cost in an undistorted market. Reference price and
cost for gas is estimated based on the price of imported gas and adjusted for trans-
portation and distribution costs and 20 % value added tax (VAT). A special surcharge
coefficient on the gas price is also included since it works not as classical energy
tax levied on energy to reduce energy consumption or emissions. On the contrary,
the revenues generated by the surcharge are used for gasification of new territories
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and compensation of the losses of Naftogaz (holding the largest share of the oil and
gas market in Ukraine) from selling gas to district heating companies. Therefore, the
surcharge contributes to full costs of the product and investment needs, which should
be included in prices of all goods and services. Hence, the surcharge does not distort
relative prices between energy products and other goods. A special surcharge coeffi-
cient1 is used as a coefficient on cost of gas excluding transportation and distribution
tariffs and VAT. The duty aiming to compensate expenditures of Naftogaz on selling
gas to households has also been included for the same reasons. Therefore, reference
cost of gas, Crg (in Ukrainian Hryvnia, UAH) is expressed as

Crg = Qg(Pim + Cs + Ttg + Tdg)(1 + VAT) + SsQg(Pim + Cs) (3)

where Qg is total consumption of gas (in 1000 m3), Pim (in UAH per 1000 m3) is
the price of gas at the border, Cs (in UAH per 1000 m3)—cost of selling gas incurred
by Naftogaz, Ss—special surcharge coefficient; Ttg and Tdg transportation and distri-
bution tariffs (in UAH per 1000 m3), respectively. In 2008, the price of imported gas
was at 945.5 UAH per 1000 m3 which approximately equals 179.5 USD.2 Average
2008 values of other price components provided by the National Electricity Regu-
lation Commission (NERC 2009) and Ministry of Fuel and Energy (2009) are used
in estimates. Since Ukraine less actively participates in electricity trade (about 4 %
is exported according to NERC 2009) with other countries compared to other types
of energy, long-term production cost is a more appropriate benchmark for estimation
of subsidies than the export border price. According to NERC (2009), the wholesale
market price (for suppliers) reflects all operational costs and incorporates surcharge
for some investments. However, current tariffs are not high enough to compensate for
depreciation and investment needs in nuclear, hydro, and most thermal power plants
(IEA 2006b). According to the Energy Strategy of Ukraine (MFE 2006), the electric-
ity sector requires around 196 billion UAH (37 billion USD) of investment during
the period from 2006 to 2010, which means approximately 39 billion UAH (7 billion
USD) annually. MFE (2009) reports that about 5 billion UAH (0.95 billion USD) of
capital investment have been utilized by the energy sector from all sources (including
surcharge) in 2008. Hence, investment deficit amounted to around 34 billion UAH
(6.5 billion USD) or 0.27 UAH/kWh (0.05 USD/kWh) for approximately 125 billion
kWh of electricity consumed in 2008 (MFE 2009). Therefore, prices should be in-
creased by about 0.27 UAH/kWh in order to reflect long-run production costs. This
approach is especially relevant because the government perceives optimization of the
price and tariff policy as one of the most important mechanisms of investment in the
energy sector (MFE 2006). In addition, the wholesale price should be first adjusted
to eliminate cross-subsidization of households by industrial consumers. The price
used in calculations is reduced by 23.7 % (proportion of cross-subsidization) (NERC
2009). Therefore, reference cost of electricity Cre (in UAH) is calculated as follows:

Cre = Qe(Pw + Id + Tte + Tse)(1 + VAT) (4)

1Decree of Cabinet of Ministers of Ukraine N 442 as of 11 June 2005 on the special surcharge on gas
tariff.
2Decree of Cabinet of Ministers of Ukraine N 163 as of 5 March 2008 on selling imported natural gas in
Ukraine.
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where Qe—total electricity consumed (in kWh), Pw—wholesale price for suppliers
(in UAH/kWh), Id—investment deficit (in UAH/kWh), Tte and Tse—transmission
and supply tariffs for electricity (in UAH/kWh). Average 2008 prices and tariffs in the
electricity sector published by National Electricity Regulation Commission (NERC
2009) are used in the estimates.

Despite the fact that price-gap metric is widely applied for cross-country studies
(e.g., Burniaux et al. 1992; IEA 1999; Larsen and Shah 1992), due to its relative
simplicity and low level of data requirements, it has a number of important limitations
described by Koplow (2009) and IEA (1999).

3.2 Estimating Price Effects on Environmental and Socioeconomic Factors

3.2.1 Input–Output (IO) Price Model

Input–output analysis is carried out for estimation of environmental and socioeco-
nomic effects from phasing-out energy subsidies in the gas and electricity sectors of
Ukraine. We have chosen IO approach because it is a well established and the most
transparent methodology appropriate for addressing research questions set in this pa-
per. As demonstrated in Ginsburgh and Keyzer (1997), input–output models can be
regarded as simplified general equilibrium models or satisfactory approximation to
general equilibrium models when the modeling focus is on short-term analyses of
one-shot policy shocks like the price-gap elimination specified in this paper. In ad-
dition, this study utilizes both the demand-driven and price IO model to establish
the link between changes of relative prices and quantities of goods demanded, thus
incorporating the essence of a CGE model without burdening itself with the com-
plex and data-demanding work of constructing a fully fledged CGE model. While
a CGE model is capable of assessing structural and technological change effects of
policy shocks, this study argues that it is important to study short-run consequences
for the purpose of developing mitigation strategies as unwillingness to encounter ad-
ditional costs usually impedes necessary policy reforms. Another advantage of the
IO methodology is that it allows explicitly examining industry interdependency, in
the case of this research, how elimination of subsidies in gas and electricity sectors
triggers changes in other sectors.

The study builds on the dual nature of the input–output system and utilizes both
the demand-driven and price IO model. In addition, partial equilibrium analysis is
incorporated within an IO framework to establish the link between changes of relative
prices and quantities of goods demanded.

The Leontief price model is the starting point of the analysis. The model reflects
that the total price of one unit of output is equal to total costs of its production in-
cluding intermediate purchases and primary inputs. Thus, the basic equation of the
Leontief price model is usually expressed as follows:

p′ = v′(I − A)−1 = v′L (5)

where p′ is a row vector of prices of produced commodities by each sector and v′
denotes a row vector of primary inputs per one monetary unit of price; I is the identity
matrix; (I − A)−1 is the Leontief inverse L or total requirements matrix.
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This study adopts the IO price model for estimation of changes in relative prices
as a result of elimination of implicit subsidies in electricity and gas sectors. This
will lead to price increases of commodities of other sectors, which require gas and
electricity for production and resources from other sectors which, in turn, purchase
energy as intermediate inputs. Thus, the final change of relative prices is caused by
direct and indirect effects of price increases for energy. A price shock caused by
phasing out subsidies in gas and electricity sectors could be recorded as a change of
value-added of these sectors. Therefore, relative changes of prices for a change in
primary inputs could be estimated as follows:

�p′ = �v′L (6)

where �v′ is a row vector of changes in the primary inputs and �p′ is a vector of price
changes. In other words, similar to an imposition of a tax, elimination of consumer
subsidies for gas and electricity is recorded as a change of value added, �v′, for
sectors in oil and gas extraction and electricity production, respectively, to estimate
resultant price changes, �p′, and distributional effects (see Eq. (7)).

3.2.2 Estimating CPI Changes for Different Income Groups

The input–output price model is also used to quantify welfare impacts of energy
subsidies reform utilizing data on consumption patterns of households classified per
income level (from the lowest income, 1st group, to the highest, 11th group) and by
area of residence, in particular, households living in rural areas and in urban areas
(SSCU 2009b).

We adopt a fairly standard Laspeyres price index (see, e.g., ILO 2004), which
assumes a fixed structure of goods and services, to estimate a change of the Consumer
Price Index (CPI) or additional income required for purchasing the same basket of
goods and services as follows:

�CPIh =
∑

j

βhj�pj (7)

where �CPIh refers to the change in consumer price index (in %), h indexes house-
holds with different income levels and areas of residence, and βhj is the budget share
of commodity j for each group of households—h, reported by State Statistics Com-
mittee of Ukraine (SSCU 2009b), and �pj is a relative price change (in %) of each
sector’s commodity j estimated with Eq. (6). Subscript j denotes the element in col-
umn of the matrix.

A time horizon is not explicitly defined in this paper. Since technological change
is not foreseen in the methodology adopted and direct input coefficients remain con-
stant, only short-term effects are studied assuming that the economy does not have
time for structural adjustment and substitution between energy and nonenergy factors
of production.
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3.2.3 Partial Equilibrium Approach

The underlying assumption of the price model is that changes in value added lead to
changes in relative prices of goods and services but the quantities of goods demanded
remain constant. However, economic theory suggests that in response to higher prices
on normal goods, i.e., decrease in real income, rational consumers would either re-
duce purchases of given commodities, substitute for the cheaper ones or maintain the
same level of consumption at the expense of other products. Therefore, we aim to
estimate the response of final consumers to increased prices of goods and services.
At the same time, industries are unable to adjust their input structure as technical
coefficients are fixed in the input–output model. This is one of the most important
limitations of the IO methodology, but still consistent in the short run since industries
are unable to change technological processes immediately and would need more time
and additional investments. Thus, we assume that all costs will be passed on to final
consumers, which are more capable of responding to price shocks in the short run.
Households have a number of measures available which could be relatively easily
implemented to mitigate rapid increase of utilities tariffs. At the moment, residential
energy consumption in Ukraine is about 250–275 kWh/m2 compared to 120 kWh/m2

in Western Europe (World Bank 2012). Moreover, 80 % of buildings do not even have
heat meters installed (IEA 2012). It is estimated that heat meters installation could
reduce heat consumption by 15–25 % decreasing heating costs by about 10–15 %
(World Bank 2012). Water consumption by households is also very high in Ukraine
compared to the EU countries. The main reason for this is that water supply tariffs
are very low and do not even cover operational costs in the majority of the regions.
In addition, tariffs are based on weighted average rather than actual consumption
and most of households do not have water meters installed (see, e.g., EBRD 2011;
OECD 2007).

A partial equilibrium approach is used to establish the link between price changes
estimated by price model with changes in final demand derived from the classical de-
mand driven model. The basic relationship between changes of prices and quantities
of final demand could be expressed as follows:

ε = �QP

Q�P
(8)

where ε is the price elasticity of final demand for output, P and Q initial price and
quantity and �P and �Q are changes of prices and quantity. A change of quantity
demanded, �Q, as a result of price changes could be estimated as follows:

�Q = εQ�P

P
(9)

notation (9) in matrix algebra is expressed as

�y = −�p̂ε̂y0 (10)

where y0 is the initial vector of final demand, �y, column vector of change in final
demand, �p̂ diagonal matrix (a matrix with the elements of the vector in the main
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Table 1 Price elasticities of
demand for output Economic sectors Price elasticities

Forestry −0.5

Agriculture and Fishing −0.2

Coal mining −0.2

Oil and gas extraction −0.2

Mining of non-energy materials −0.2

Food −0.2

Textiles −0.7

Pulp and paper −0.7

Manufacture of coke and petroleum −0.7

Chemicals and plastics −0.7

Manufacture of other non-metallic products −0.7

Metallurgy −0.7

Machinery −0.7

Other manufacture −0.7

Electricity production −0.2

Gas manufacture −0.2

Hot water supply −0.2

Water purification and distribution −0.2

Construction −0.7

Trade and repair −0.7

Hotels and restaurants −1.0

Transport −0.7

Finance −0.8

Business services −0.8

Public administration −0.5

Education −0.5

Health care −0.5

Other −0.5

diagonal and zeros in outside the main diagonal) of price changes (in % or share of
unity) and ε̂ diagonal matrix of elasticities. In other words, we diagonalize the vector
of price changes �p′ (obtained with Eq. (6)) to receive a diagonal matrix �p̂ and use
y0, initial vector of final demand recorded in the IO table, and ε̂ diagonal matrix of
elasticities (see Table 1) to estimate a change in final demand, �y, which is then used
in subsequent steps of the analysis.

Unfortunately, consistent estimates of price elasticities for most commodities are
often not available. There are numerous studies on price sensitivity of energy con-
sumption showing energy consumption likely to be relatively inelastic in the short-
run since few substitution options are available for households (e.g., Cohn 1980;
Prosser 1985; Bentzen and Engsted 1993; Bernstein and Griffin 2006). Atakhanova
and Howie (2007) estimated short and long-run price-elasticity of residential electric-
ity consumption as of −0.22 and −1.10. Nahata et al. (2007) obtained comparable re-
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sults for urban and rural households in Russia. Some research has been carried out on
demand sensitivity of agricultural commodities and food products to price changes,
which are also likely to be inelastic in the short-term (e.g., Andrikopoulos et al. 1987;
Russo et al. 2008) and transportation services (Wohlgemuth 1997). However, it is es-
pecially difficult to find elasticities for certain industries, especially, for effects in the
short-run. Considering limited availability of real estimates of price sensitivity for all
economic sectors, Ho et al. (2008) derived elasticities from a macroeconomic model
for the US under constrained conditions; Choi et al. (2010) adopted assumptions on
several scenarios for price elasticities. This study assumes that similar sectors would
have similar price elasticities (see Table 1). This assumption was made due to lim-
ited evidence from the literature (e.g., Atakhanova and Howie 2007; Ho et al. 2008;
Nahata 2007; Russo 2008; Wohlgemuth 1997).

3.2.4 Input–Output Demand-Driven Model

At the next stage of analysis, the classical Leontief (see, e.g., Miller and Blair 2009)
IO model is utilized to estimate demand-induced changes of the total output and as-
sociated changes of employment, total energy, and gas consumption and GHG emis-
sions.

A change of total output �x as a result of change in final demand �y (calculated
with Eq. (10)) is estimated as

�x = (I − A)−1�y = L�y (11)

A decrease in gross outputs would result in decline in resource consumption, emis-
sions or other factors. The IO model is extended to examine these effects as well.
Similar to the coefficients in the A matrix, physical coefficients bi are calculated by
dividing emissions ei of each sector by respective sectoral output xi as

bi = ei

xi

(12)

Subscript i denotes the element in row of the matrix. From (12), a change in output
�x (estimated with Eq. (11)) would result in a change of environmental and socioe-
conomic factors and could be calculated as

�e = b̂�x (13)

where �e is a vector of change in resource inputs or emissions, b̂ is the diagonal
matrix of physical coefficients.

3.3 Data

The most recent input–output table for Ukraine, available for 2008 is used in this
study (SSCU 2010). In the columns of the table, industry sectors are classified ac-
cording to Ukrainian statistical classification of economic activities, which was de-
veloped based on classification of economic activities in the European Community
(NACE). Classification of commodities and services (in rows of the table) is in line
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Table 2 Schematic representation of the IO table

Buying sectors Final
demand

Total
output

Environmental and
socioeconomic factors1 · · · j · · ·n

Selling sectors 1
.
.
.

i
.
.
.

n

Interindustry transactions Z y x E′

Value added v′
Total outlays x′

with state classification of commodities and services based on European Classifica-
tion of Products by Activity (CPA).

The table consists of 38 sectors, 6 of which refer to energy goods and services,
11 manufacturing industries and construction, 16 service sectors, 2 transport sectors
and communications, 3 sectors capture activities in agriculture, fishing and forestry.
Table 2 illustrates interindustry transactions between sectors (Z), final demand for
each industry’s outputs (x) is reflected in the column vector y and v′ refers to primary
inputs required by each sector. Value added part of the table incorporates wages for
employees, profits, taxes, and subsidies on production. In addition to final deliveries
to households, government and nonprofit institutions, the “use” section of the table
provides data on gross capital formation and net exports.

The table is augmented by additional columns in physical units to account for ef-
fects on GHG emissions, employment, total energy and gas consumption by each
sector utilizing the data published by the State Statistics Committee of Ukraine
(2009a, 2009b, 2009c) and GHG emissions inventory of Ukraine (MENR 2010).
Since the level of detail for each examined variable is different, the table has been
aggregated to complement the data on environmental and socioeconomic factors. In
particular, the table was aggregated to 13 economic sectors to complement GHG
emissions data available and to 28 sectors to study effects on energy consumption
and employment.

3.4 Limitations

It is important to note that obtained results should be treated with caution because
of the data caveats associated with this study and inherent limitations of the methods
used. First of all, the accuracy of obtained results depends on the quality of the data
used in the model. National income accounts always have a “residual error,” which is
the difference of GDP estimates according to two of three possible conventions (Per-
man et al. 2003). Secondly, input–output models embody a number of simplifying
assumptions, which should be considered carefully while interpreting obtained re-
sults. However, those assumptions are transparent and mathematically traceable. One
of the most important shortcomings of the input–output analytical framework is that
technical coefficients and the coefficients of physical factors, e.g., GHG emissions
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and energy inputs do not change as a result of energy subsidy induced price changes.
In other words, there are no substitution responses to increased prices of energy in-
puts. At the same time, price elasticities of demand are incorporated in the study
design to allow for adjustment of quantities of goods consumed to price changes.
Ho et al. (2008) argue that this approach could be intrinsically inconsistent since the
response of final consumers to higher prices is taken into an account while produc-
ers are not able to switch to less energy intensive inputs. Therefore, an assumption
is made that all additional costs to producers are passed on to final consumers. In
addition, Perman et al. (2003) note that, in reality, higher energy prices would result
in consumption of less energy per unit of output and less energy-intensive intermedi-
ate inputs, which in turn would decrease prices. Thus, the input–output price model
sets up the upper margins to price changes which would eventually occur. More-
over, there are some other important limitations of using input–output analysis. In
particular, price changes would also affect investment decisions and labor inputs,
which are not taken into account (Ho et al. 2008). Nevertheless, assumptions of the
approach are consistent with the short-term time framework adopted in the analy-
sis. In other words, the impacts of subsidy reform are estimated before the economy
has adjusted for price changes assuming that there is no time for structural changes
and substitution of labor and capital for energy as well as cross-substitution of fuels.
Technological change and cross-substitution between energy and nonenergy factors
of production could be explicitly modeled with (CGE) models, which on the other
hand introduce other model-immanent problems (see, e.g., Clarete and Roumasset
1986; Scrieciu 2007). Other methodological limitations are highlighted in the analy-
sis section since they are important for interpretation of estimates obtained.

4 Results and Discussion

4.1 Energy Subsidies in the Gas and Electricity Sectors of Ukraine

We evaluated consumer subsidies for gas and electricity sectors utilizing the price
gap approach, which is described in detail in the Methodology section. Estimated
reference prices that would prevail in an “ideal” market (where all subsidies are elim-
inated) are significantly higher than current prices for gas and electricity (see Table 3).

Retail gas prices for households and district heating companies constitute only
26 % and 57 % of the reference price, respectively. In comparison, current prices for
industry and state-funded institutions are equal to 81 % of the reference price because
tariffs for these consumer groups are based on the import gas price. It is important
to note that the estimate is highly sensitive to the import border price. The price of
Russian gas for Ukraine is indexed to prices of oil products at the global market and
also depends on the political situation between two countries. Hence, it is likely that
the gas price will continue to grow in the future and domestic gas tariffs should be
increased in line with import gas prices to prevent price distortions in the domestic
market.

Electricity prices for all consumer groups are significantly lower than the reference
price. Tariffs should be increased by about two times the current level for nonresi-
dential consumers and almost three times for households in order to reflect long-run
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Table 3 Comparison of actual (average for 2008) and reference prices for gas and electricity

Consumer group Gas sectora

(UAH per 1000 m3)
Electricity sectora

(UAH/MWh)

Average end-user
prices

Reference price Average end-user
prices

Reference price

Households 372.7 1431.6 243.6 615.7

State-funded institutions 1165.1 –

District heating companies 826.4 332.9

Industry 1165.1 332.9

Source: own estimates
a1 UAH = 0.19 USD, average in 2008 (National Bank of Ukraine 2011)

production cost. Interestingly, the estimated reference price is still lower than the
electricity tariffs for households in most EU countries. In particular, the reference
price of 615.7 UAH/MWh equals 0.064 EUR/kWh. In comparison, the lowest elec-
tricity tariff for households (at annual consumption 3500 kWh) was in Latvia, 0.068
EUR/kWh, and the highest in Italy, 0.268 EUR/kWh as of July, 2010 (Europe’s En-
ergy Portal 2010).

Following the price-gap approach described in the Methodology section (see Eqs.
(1)–(4)), we found that implicit subsidies at 2008-consumption levels amounted to
almost 26 billion UAH (5 billion USD) in the gas sector and approximately 24 bil-
lion UAH (4.6 billion USD) in the electricity sector. It should be noted that estimates
obtained represent a lower margin for subsidies in the sector since underpriced fuel
inputs such as gas and coal are not taken into an account. Interestingly, IEA (2011b)
estimates of subsidies differ significantly (8.27 billion USD and 1.51 billion USD for
gas and electricity sector, respectively). Although the study adopted the IEA method-
ology (1999, 2006a, 2006b, 2008), obtained results are not directly comparable with
estimates provided in the Fossil fuel subsidy database (IEA 2011b) because it is not
clear what assumptions have been used for estimation of the reference prices.

End-user subsidies in gas and electricity sectors are equal to 2.7 % and 2.6 % of the
GDP, respectively, and cumulatively comparable to approximately 16 % of the state
budget.3 However, it is essential to point out that these estimates do not reflect direct
state transfers to the energy sector and only capture market interventions resulted in
decreased prices for final consumers. In comparison, direct financial support to oil
and gas extraction sector and electricity production recorded in the IO table roughly
equals 2.2 billion UAH (0.4 billion USD) and 1.3 billion UAH (0.3 billion USD),
respectively (SSCU 2010).

4.2 Effects on Relative Prices, Production and Employment

This study explores effects of rapid price rises for gas and electricity as a result of
a hypothetical elimination of implicit subsidies in these sectors. In fact, this would

3In 2008, GDP was at the level of 949864 million UAH (180336 million USD) and budget expenditure
was 312018 million UAH (59238 million USD) (SSCU 2009a).
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Fig. 1 Increase of relative prices for different economic sectors

lead to a fourfold increase of the gas price for households to reflect true opportunity
cost of domestically produced gas and an increase of the electricity price of around
three times to ensure compensation for long-run production costs. It is important to
note, however, that these scenarios are hypothetical and the government is advised to
increase prices gradually to mitigate negative economic and social effects. Unlike the
IER (2006, 2007) studies, this paper investigates short-term effects of price shocks
assuming that economy does not have enough time to allow for restructuring and
substitution between energy and nonenergy factors of production. It is estimated that
price increases for gas and electricity of 1.43 UAH per m3 (0.27 USD per m3) and
0.62 UAH/kWh (0.12 USD/kWh) would more than double relative prices for some
industries while prices of others are not considerably affected. Interestingly, prices
in oil and gas extraction and electricity production sectors have increased less than
in some other industries. Figure 1 illustrates the increase in relative prices for most
affected sectors (see Additional file 1, Table A.1 for breakdown of price changes for
all sectors). A group of sectors in supply and distribution of gas, electricity, and water
are likely to experience the highest increase of relative prices. This could be explained
by large input requirements for gas and electricity per unit of output. Assuming that
all price shocks are passed on to final consumers, relative prices of services of the
water purification and distribution, for example, would rise by about 40 % and about
180 %, respectively, as a result of price hikes in gas and electricity sectors. Other
highly impacted sectors are forestry, mining of nonenergy materials and several man-
ufacturing sectors, particularly the manufacture of coke products and manufacture of
other nonmetallic mineral products.

Steep price increases for commodities of different sectors are likely to enforce
knock-on effects on final demand for these products since consumers would seek
to minimize their losses by introducing energy saving measures or switching to less
energy-intensive goods. However, demand sensitivity is likely to be inelastic in the

http://dx.doi.org/10.1186/2193-2409-2-7
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Fig. 2 Decline of production for different economic sectors

short-term for most sectors. We found that examined price shocks could cumula-
tively result in reduction of total final demand by about 2.5 % or around 18.7 billion
UAH (3.6 billion USD) (see Additional file 1, Table A.1 for results for all sectors).
Assuming that investment and net exports do not change in the short-run a phasing
out subsidies in the gas and electricity sectors could result in a decline of GDP by
about 1.35 % and 0.62 %, respectively, relative to 2008 level. It should be noted that
higher energy prices could bring higher revenues to the government in the form of
tax payments. However, this effect may be counteracted by reduced consumption and
production; in case the former effect will prevail and government revenue will still
increase. For simplicity, this analysis assumes that the excess money will be spent to
reduce foreign debt of Ukraine rather than a recycling back of revenues to consumers.

A drop in final demand would in turn lead to decline of production of energy-
intensive sectors in the first place and would also have indirect effects on other in-
dustries. Utilizing the demand-driven IO model, we estimate that total output would
decrease by about 1.8 % or 43 billion UAH. Figure 2 illustrates the breakdown of the
percentage decline in gross output for all sectors.

A decline of total production would lead to excess of labor per unit of output. Thus,
producers would have to fire extra workers to minimize losses. It is estimated that the
number of jobs would be reduced by 223 thousand or by 1.3 % and 0.7 % as a result
of the removal of subsidies in gas and electricity sectors, respectively. Employment

http://dx.doi.org/10.1186/2193-2409-2-7
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effects for each sector are determined by labor intensity and percentage decline in
gross output. For example, service sectors (e.g., public administration, education, and
health care) are the most labor-intensive sectors with up to 27 employees per million
UAH of output in health care. However, a relatively low decline in total output would
result in only 1–2 % decline in the number of jobs. In comparison, relatively low
labor intensity in oil and gas extraction (about 4 workers per unit of output) coupled
with a major decline in production, illustrated in Fig. 2, would result in a 22 % loss
of jobs. Sectors in production and distribution of water and gas would be also highly
affected due to large cuts in production.

Overall, an energy subsidy reform is likely to have negative effects on the total
employment in the short-run. However, it is important to note that these estimates
are the indication of the upper bound of employment effects considering uncertainty
on adjustment of the production levels. Nevertheless, over a longer time horizon, the
economy would restructure toward less energy-intensive sectors and reduced employ-
ment in the shrinking sectors is likely to be compensated by expanded production and
new jobs in other industries. However, labor reallocation could not be modeled within
the chosen IO framework.

4.3 Income Effects for Different Income Groups

We examine income distribution effects for households resulting from energy pricing
policy reform in the gas and electricity sectors. The consumer price index reflects
the cost of a standard basket of goods and services required by households for an
everyday life, and hence, could be an appropriate measure for estimation of welfare
effects of energy pricing policies. The overall effect is determined by the increase of
relative prices for different economic sectors and structure of consumer expenditure
for different income groups. Figure 3 illustrates increase of CPI or percentage of
additional income required by rural and urban households for buying the same set of
goods and services. Adjusting gas and electricity prices to market levels will reduce
the real income and purchasing power by about 13.2 % for urban poor and by 11.5 %
for higher income households. Rural families are comparatively less susceptible to
an energy subsidy reform since utilities and housing related payments, which face
the highest price increase, constitute a lower share of their monthly expenditures.
In particular, urban families allocate between 7.7 % and 10.8 % of their budgets to
utility payments while rural ones only allocate 4.2–6.4 % (SSCU 2009b).

It can be noted from Fig. 3 that an energy subsidy reform is likely to be regressive
for urban but nonregressive for rural households. Interestingly, regressive effects are
concealed if urban and rural households are aggregated (see Fig. 4). Both urban and
rural families are more vulnerable to elimination of gas subsidies with Consumer
Price Index (CPI) rising by 7.7 % for urban poor and by 6.4 % for higher income
urban families. For rural households, these figures are 5.4 % and 4.6 %, respectively.

Figure 4 shows contribution of aggregate consumption categories to overall
change of CPI for different income groups (rural and urban households are aggre-
gated). Housing is largely responsible for the energy prices induced increase in the
inflation rate. It constitutes 76 % for the lowest and 70 % for the highest income
households in the cumulative CPI. Food and clothing, which also reflect basic ne-
cessities, follow a similar pattern with their CPI fractions being higher for the poor
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Fig. 3 CPI increase for different socioeconomic groups of urban and rural households. Note: socioeco-
nomic groups are ordered from lowest (1st) to highest income (11th)

Fig. 4 Increase of CPI differentiated between 9 aggregate consumption categories by socioeconomic
groups. Note: (1) socioeconomic groups are ordered from lowest (1st) to highest (11th). (2) See Additional
file 2, Table B.1. for compatibility of IO sectors with aggregate consumption categories

families and lower for higher income families. Other consumption categories, espe-
cially more luxury goods such as miscellaneous goods and restaurants and hotels
depict quite an opposite situation with CPI shares being lower for poor households
and higher for the ones with higher income.

It is important to note that estimated inflation rates represent the upper bounds of
CPI changes because consumption patterns of households would change by shifting
to comparable commodities for which prices had increased to a lesser extent, which

http://dx.doi.org/10.1186/2193-2409-2-7
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in turn would reduce the CPI impact of eliminating subsidies. However, the IO model
incorporates the assumption that household consumption patterns do not change in
response to changes of relative prices of goods and services similar to constant techni-
cal coefficients (Perman et al. 2003), which is a reasonable assumption for short-time
horizons explored in this study.

It is interesting to compare an average estimated CPI for all households of 10.5 %
(see Fig. 4) resulting from a hypothetical energy subsidies reform with the actual
inflation rate at the same time, which amounted to 12.8 % and 25.2 % in 2007 and
2008, respectively (SSCU 2009a). Therefore, it should be noted that immediate re-
moval of energy subsidies and liberalization of energy prices at one step would not
be tolerable to society considering already relatively high annual inflation rates ob-
served in Ukraine. Hence, an increase of energy prices up to market levels should
be implemented in steps and accompanied by social support programs targeting the
most vulnerable households.

4.4 Effects on Energy Consumption

Elimination of energy subsidies in electricity and gas sectors is essential to decrease
the energy-intensity of the economy of Ukraine, which is presently much higher than
in developed counties (IEA 2011a). This could be explained by a number of reasons
including outdated technologies used in production processes and energy conversion
(IEA 2006b); however, cheap energy is one of the most important if not the primary
determinant. A report by IEA (1999) presents evidence that there is a strong nega-
tive correlation between electricity prices and energy consumption per unit of GDP
across 27 OECD and 22 non-OECD countries. Although other external drivers such
as climate conditions, average distances, or population density might also come into
play, such a strong inverse relationship between electricity use and prices could not
be fully explained by structural parameters.

We found that a removal of the indirect gas and electricity subsidies would lead to
a drop in total energy consumption by about 2.5 % (5 million tons of coal equivalent4)
in the short term (see Eq. (13) in Sect. 3), 68 % of this reduction was due to phasing
out subsidies in the gas sector (see Additional file 1, Table A.3 for a breakdown of
results for all sectors). Figure 5 shows the sectors that could generate the highest
energy savings. In particular, the manufacture of coke and petroleum products could
reduce energy consumption by more than 1 million tons of coal equivalent due to
relatively high energy requirements per unit of output and a considerable decline in
total production of the sector (see Fig. 5). However, in relative terms, this would mean
only a 6 % decline in overall energy consumption of the sector. Significant amounts
of energy could also be saved in the supply and distribution of gas, electricity, and
water, which have the highest average energy-intensity of about 0.5 thousand tons of
coal equivalent, followed by metallurgy, chemicals, and transportation.

It is important to note that obtained results are of indicative character and de-
pend highly upon responsiveness of consumers to price changes and flexibility in

4Coal equivalent instead of oil equivalent is usually used in Ukraine. Coal equivalent could be converted
to oil equivalent by multiplying the former by 0.7.

http://dx.doi.org/10.1186/2193-2409-2-7
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Fig. 5 Energy saved (in 1000 tons of coal equivalent) as a result of elimination of subsidies in gas and
electricity sectors

production adjustments of economic sectors. Moreover, it should be noted that energy
savings are caused by demand-induced decline in total production and not because
of technological change since significant efficiency improvements are not feasible in
the short-term and, therefore, ignored in this analysis (see the Sect. 3.2.3 for more de-
tail). Over the longer-term, however, price signals could stimulate energy efficiency
improvements and development of less energy-intensive industries.

Since energy security is of big concern for Ukraine as a net-importer of gas (do-
mestic production could satisfy only about 20 % of the demand (IEA 2006b)), it is
also of interest to examine short-term effects of the subsidy reform on total gas con-
sumption. Figure 6 illustrates sectors that could bring the highest decline in gas use
(see Additional file 1, Table A.3 for a breakdown of results for all sectors). Sectors in
hot water supply and electricity production are likely to contribute 21 % and 19 % of
the total decline in gas consumption, respectively. Chemicals and plastics would also
reduce gas use considerably due to high requirement for gas inputs in production.

Overall, elimination of subsidies in the gas and electricity sectors would bring re-
ductions of about 3.6 % in total gas consumption which equals roughly 1.6 billion m3.
However, considering the long-term nature of interstate gas contracts, it is not likely
that Ukraine could reduce gas imports in the short-term. Obtained figures rather serve
as an indication of potential gas savings if energy pricing policy is improved and fi-
nal consumers are required to pay the real cost of gas and electricity. Although in the
short-term gas use would decline solely because of drop in final demand and GDP,
price stimuli are essential to trigger energy efficiency improvements, which could
bring even larger savings in the future without adverse impacts on the GDP growth.
For example, Flanagan et al. (2007) utilize a semistructural approach to examine the
role of efficiency in mitigating negative impacts of energy price shocks. Assuming
3 % of GDP for intermediate energy consumption, the authors have estimated that

http://dx.doi.org/10.1186/2193-2409-2-7
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Fig. 6 Reduction in gas consumption in different economic sectors

negative impacts of a 10 % increase of the import gas price could be completely
offset by 9 % improvement in gas efficiency.

4.5 Effects on GHG Emissions

We estimate that elimination of energy subsidies in gas and electricity sectors would
result in a reduction of about 15 million tons of CO2-eq. or a 3.6 % reduction of
total GHG emissions of Ukraine. Figure 7 illustrates each sector’s share in total GHG
emissions reductions (see also Additional file 1, Table A.4 for a breakdown of results
for all sectors). Although estimated energy subsidies are of similar magnitude in both
sectors, removal of subsidies in the gas sector has a significantly larger effect on
emissions reductions.

This could be explained by the fact that estimated subsidies are much higher than
the present value added of the gas sector of about 7 billion UAH (1.3 billion USD)
compared to value added of the electricity sector of about 23 billion UAH (4.4 billion
USD). Hence, elimination of subsidies would result in higher prices for gas, which in
turn would have a larger effect on relative prices, final demand, and output of other
sectors. The largest share of emissions reductions would be observed in the oil and
gas extraction sectors due to a decline of fugitive methane emissions. Energy supply
and distribution sectors are also likely to deliver considerable emission cuts with
reductions in electricity production and hot water supply of about 10 % and 16 %,
respectively. GHG emissions from fuel combustion by households would be 15 %
lower.

It is important to note that cross-substitution between different fuels is not consid-
ered in this paper. It is a major limitation for evaluation of impacts on GHG emissions
since higher prices for one type of fuel could stimulate end-users to substitute for
cheaper ones in the long run. Subsidies for coal are beyond the scope of this paper;
however, coal is the most carbon-intensive fuel. If end-user subsidies are eliminated
only in gas and electricity sectors and coal prices remain at below market levels (due

http://dx.doi.org/10.1186/2193-2409-2-7
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Fig. 7 Emission reductions (in 1000 tons CO2-eq.) in each sector as a result of elimination of gas and
electricity subsidies

to producer subsidies), both end-users and intermediate consumers, e.g., power plants
are likely to switch to coal as less expensive energy source as much as technological
capacity would allow. In this case, liberalization of gas and electricity prices would
likely result in larger coal use and higher GHG emissions. Hence, energy subsidy
reform should consider all fuels to prevent undesirable effects. Moreover, depend-
ing on the resultant market price of different fuels an additional measure might be
required to prevent substitution for coal, e.g., carbon tax charged depending on the
carbon-intensity of the output.

5 Conclusions

This paper has adopted the price-gap approach for estimation of indirect end-user
subsidies in gas and electricity sectors in Ukraine and considered a hypothetical elim-
ination of energy subsidies. Although a minor decline in GDP is expected, this is the
short-term price to be paid to correct market distortions that had been accumulated
over decades of inefficient energy pricing. Other benefits of the removal of subsi-
dies would include a reduction in total energy consumption and GHG emissions,
which would drop by about 2.5 % and 3.6 %, respectively. In addition, these short-
term demand-induced effects would potentially trigger dynamic effects of accelerated
technological improvements over the long term.

Energy subsidy reform is likely to have negative employment effects due to steep
production cuts in resource-intensive sectors. However, a short-term loss of jobs
could be minimized if the government would create favorable conditions for the es-
tablishment of new working places in other sectors. Removal of subsidies is also
likely to be regressive with lower income groups, who spend a larger share of their
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income on fuels, to be affected more than richer households. However, this effect
could be mitigated by social policies targeting the most vulnerable.

It is important to note that complete and immediate elimination of subsidies is con-
sidered here as a theoretical exercise and is done to provide an estimate of potential
losses and negative social effects. A gradual phase-out is more advisable to mitigate
negative effects. In addition, end-user subsidies reform in gas and electricity sectors
is not sufficient to correct all price distortions. Producer subsidies in the coal sector
should be also eliminated to stimulate technological change toward a less carbon-
intensive economy and to avoid switching to cheaper coal. Moreover, obtained results
are of an indicative character due to data caveats and other shortcomings of the meth-
ods applied, and only illustrate the magnitude of the likely effects of subsidy reform
in the short-run. Nevertheless, even rough quantitative estimates could be useful for
decision-makers since they provide valuable insights for the planning of energy and
climate policy of Ukraine.

Competing Interests

The authors declare that they have no competing interests.

References

Andrikopoulos AA, Brox JA, Georgakopoulos TA (1987) Short-run expenditure and price elasticities for
agricultural commodities: the case of Greece, 1951–1983. Eur Rev Agric Econ 14:335–346

Atakanova Z, Howie P (2007) Electricity demand in Kazakhstan. Energy Policy 35:3729–3743
Bentzen J, Engsted T (1993) Short- and long-run elasticities in energy demand: a cointegration approach.

Energy Econ 15:9–16
Bernstein MA, Griffin J (2006) Regional differences in the price-elasticity of demand for energy. Na-

tional Renewable Energy Laboratory. Available via DIALOG. http://www.nrel.gov/docs/fy06osti/
39512.pdf. Accessed 25 Aug 2012

Bohi DR (1991) On the macroeconomic effects of energy price shocks. Resour Energy 13:145–162
Burniaux J-M, Martin JP, Olivera-Martins J (1992) The effect of existing distortions in energy markets

on the costs of policies to reduce CO2 emissions: evidence from GREEN. Available via DIALOG.
http://www.oecd.org/eco/productivityandlongtermgrowth/35044850.pdf. Accessed 25 Aug 2012

Burniaux J-M, Chateau J, Dellink R, Duval R, Jamet S (2009) The economics of climate change mitiga-
tion: how to build the necessary global action in a cost-effective manner? Available via DIALOG.
http://www.oecd.org/officialdocuments/displaydocumentpdf?cote=ECO/WKP%282009%2942&
doclanguage=en. Accessed 25 Aug 2012

Choi J, Bakshi BR, Haab T (2010) Effects of a carbon price in the U.S. on economic sectors, resource use,
and emissions: an input–output approach. Energy Policy 38:3527–3536

Cohn SM (1980) Fuel choice and aggregate energy demand in the residential and commercial sectors.
Energy 5:1203–1212

Clarete RL, Roumasset JA (1986) CGE models and development policy analysis: problems, pitfalls, and
challenges. Am J Agric Econ 68: 1212–1216

Corden M (1957) The calculation of the cost of protection. Econ Rec 33:29–51
Dodonov B, Opitz P, Pfaffenberger W (2004) How much do electricity tariff increases in Ukraine hurt the

poor? Energy Policy 32:855–863
EBRD (2011) Residential sector of Ukraine: legal, regulatory, institutional, technical and finan-

cial considerations. Available via DIALOG. http://www.teplydim.com.ua/static/storage/files/files/
Market_Assessment_Report_Final_Eng_Sep-2011.pdf. Accessed 21 Aug 2013

Ellis J (2010) The effects of fossil-fuel subsidy reform: a review of modeling and empirical stud-
ies. Global Subsidies Initiative. Available via DIALOG. http://www.globalsubsidies.org/files/assets/
effects_ffs.pdf. Accessed 25 Aug 2012

http://www.nrel.gov/docs/fy06osti/39512.pdf
http://www.nrel.gov/docs/fy06osti/39512.pdf
http://www.oecd.org/eco/productivityandlongtermgrowth/35044850.pdf
http://www.oecd.org/officialdocuments/displaydocumentpdf?cote=ECO/WKP%282009%2942&doclanguage=en
http://www.oecd.org/officialdocuments/displaydocumentpdf?cote=ECO/WKP%282009%2942&doclanguage=en
http://www.teplydim.com.ua/static/storage/files/files/Market_Assessment_Report_Final_Eng_Sep-2011.pdf
http://www.teplydim.com.ua/static/storage/files/files/Market_Assessment_Report_Final_Eng_Sep-2011.pdf
http://www.globalsubsidies.org/files/assets/effects_ffs.pdf
http://www.globalsubsidies.org/files/assets/effects_ffs.pdf


Journal of Economic Structures (2013) 2:7 Page 25 of 27

Europe’s Energy Portal (2010) Domestic electricity and gas prices. http://www.energy.eu. Accessed 30
July 2010

Fankhauser S, Tepic S (2007) Can poor consumers pay for energy and water? An affordability analysis for
transition countries. Energy Policy 35:1038–1049

Fankhauser S, Rodionova Y, Falcetti E (2008) Utility payments in Ukraine: affordability, subsidies and
arrears. Energy Policy 36:4168–4177

Feng K, Hubacek K, Guan D, Contestabile M, Minx J, Barrett J (2010) Distributional effects of climate
change taxation: the case of the UK. Environ Sci Technol 44:3670–3676

Flanagan M, Schaechter A, Chelsky J, Gonzalez M, Halikias I, Ribakova E (2007) Ukraine: selected issues.
International Monetary Fund. Available via DIALOG. http://www.imf.org/external/pubs/ft/scr/2007/
cr0747.pdf. Accessed 25 Aug 2012

Gangopadhyay S, Ramaswami B, Wadhwa W (2005) Reducing subsidies on household fuels in India: how
will it affect the poor? Energy Policy 33:2326–2336

Ginsburgh V, Keyzer M (1997) The structure of applied general equilibrium models. MIT Press, Cam-
bridge

Ho MS, Morgenstern R, Shih J (2008) Impact of carbon price policies on U.S. industry. Resources for
the Future. Available via DIALOG. http://www.rff.org/rff/documents/rff-dp-08-37.pdf. Accessed 25
Aug 2012

IEA (1999) World energy outlook insights, looking at energy subsidies: getting the prices right. OECD
Publishing, Paris

IEA (2004) Analysis of the impact of high oil prices on the global economy. OECD Publishing, Paris
IEA (2006a) World energy outlook. OECD Publishing, Paris
IEA (2006b) Ukraine: energy policy review. OECD Publishing, Paris
IEA (2008) World energy outlook. OECD Publishing, Paris
IEA (2011a) Key world energy statistics. OECD Publishing, Paris
IEA (2011b) Fossil fuel subsidy database. www.iea.org/subsidy/index.html. Accessed 25 Aug 2012
IEA (2012) Ukraine 2012: energy policies beyond IEA countries. IEA Publications, Paris
IER (2006) Macroeconomic impact of gas price shock. Available via DIALOG. http://www.ier.com.ua/

files/publications/Policy_papers/German_advisory_group/2006/V5_eng.pdf. Accessed 25 Aug 2012
IER (2007) Energy price shocks and market reforms: a quantitative assessment. Available via DIALOG.

http://www.beratergruppe-ukraine.de/download/Beraterpapiere/2007/w3_en_Pavel_Energy%20
price%20shocks.pdf. Accessed 25 Aug 2012

ILO (2004) Consumer price index manual: theory and practice. International Labour Office, Geneva
Kebede B (2006) Energy subsidies and costs in urban Ethiopia: the cases of kerosene and electricity.

Renew Energy 31:2140–2151
Kerkhof AC, Moll HC, Drissen E, Wilting HC (2008) Taxation of multiple greenhouse gases and the

effects on income distribution: a case study of the Netherlands. Ecol Econ 67:318–326
Koplow D (2009) Measuring energy subsidies using the price-gap approach: what does it leave out?

International Institute for Sustainable Development. Available via DIALOG. http://www.iisd.org/
pdf/2009/bali_2_copenhagen_ff_subsidies_pricegap.pdf. Accessed 25 Aug 2012

Lampietti J, Meyer A (2002) Coping with the cold, heating strategies for Eastern Europe and Central Asia’s
urban poor. Technical paper 529, World Bank, Washington, DC

Lampietti J, Kolb A, Gulyani S, Avenesyan V (2001) Utility pricing and the poor, lessons from Armenia.
Technical paper 497, World Bank, Washington, DC

Lardic S, Mignon V (2006) The impact of oil prices on GDP in European countries: an empirical investi-
gation based on asymmetric cointegration. Energy Policy 34:3910–3915

Larsen B, Shah A (1992) World energy subsidies and global carbon emissions. Research paper
1002, World Bank. Available via DIALOG. http://info.worldbank.org/etools/docs/library/206933/
WorldFossilFuelSubsidiesandGlobalCarbonEmissions.pdf. Accessed 25 Aug 2012

Legeida N (2001) Implicit subsidies in Ukraine: estimation, developments and policy implications. Insti-
tute for Economic Research and Policy Consulting. Available via DIALOG. http://www.ier.com.ua/
files/publications/WP/2001/Wp10_eng.pdf. Accessed 25 Aug 2012

Lin B, Jiang Z (2011) Estimates of energy subsidies in China and impact of energy subsidy reform. Energy
Econ 33:273–283

Lovei L, Gurenko E, Haney M, O’Keefe P, Shkaratan M (2000) Maintaining utility services for the poor:
policies and practices in Central and Eastern Europe and the former Soviet Union. World Bank,
Washington

Miller RE, Blair PD (2009) Input–output analysis: foundations and extensions, 2nd edn. Cambridge Uni-
versity Press, Cambridge

http://www.energy.eu
http://www.imf.org/external/pubs/ft/scr/2007/cr0747.pdf
http://www.imf.org/external/pubs/ft/scr/2007/cr0747.pdf
http://www.rff.org/rff/documents/rff-dp-08-37.pdf
http://www.iea.org/subsidy/index.html
http://www.ier.com.ua/files/publications/Policy_papers/German_advisory_group/2006/V5_eng.pdf
http://www.ier.com.ua/files/publications/Policy_papers/German_advisory_group/2006/V5_eng.pdf
http://www.beratergruppe-ukraine.de/download/Beraterpapiere/2007/w3_en_Pavel_Energy%20price%20shocks.pdf
http://www.beratergruppe-ukraine.de/download/Beraterpapiere/2007/w3_en_Pavel_Energy%20price%20shocks.pdf
http://www.iisd.org/pdf/2009/bali_2_copenhagen_ff_subsidies_pricegap.pdf
http://www.iisd.org/pdf/2009/bali_2_copenhagen_ff_subsidies_pricegap.pdf
http://info.worldbank.org/etools/docs/library/206933/WorldFossilFuelSubsidiesandGlobalCarbonEmissions.pdf
http://info.worldbank.org/etools/docs/library/206933/WorldFossilFuelSubsidiesandGlobalCarbonEmissions.pdf
http://www.ier.com.ua/files/publications/WP/2001/Wp10_eng.pdf
http://www.ier.com.ua/files/publications/WP/2001/Wp10_eng.pdf


Page 26 of 27 I. Ogarenko, K. Hubacek

MENR (2010) National inventory of anthropogenic GHGs emissions and absorption. Available
via DIALOG. http://unfccc.int/files/national_reports/annex_i_ghg_inventories/national_inventories_
submissions/application/zip/ukr-2011-nir-08jun.zip. Accessed 25 Aug 2012

MFE (2006) Energy strategy of Ukraine by 2030. Available via DIALOG. http://mpe.kmu.gov.ua/fuel/
control/uk/doccatalog/list?currDir=50505. Accessed 25 Aug 2012

MFE (2009) Annual report on development of fuel and energy complex of Ukraine. Available via
DIALOG. http://mpe.kmu.gov.ua/fuel/control/uk/publish/article?art_id=146539&cat_id=35081. Ac-
cessed 6 Oct 2011 (in Ukrainian)

Nahata B, Izyumov A, Busygin A, Mishura A (2007) Application of Ramsey model in transition economy:
a Russian case study. Energy Econ 29:105–125

Nasseh AR, Elyasiani E (1984) Energy price shocks in the 1970s: impact on industrialized economies.
Energy Econ 6:231–244

National Bank of Ukraine (2011) Official exchange rate of UAH (average for period). Available via DIA-
LOG. http://www.bank.gov.ua/Statist/Stat_data/Exchange_r.xls. Accessed 30 July 2011

NERC (2009) Annual report of National Electricity Regulation Commission: 2008. Available via DI-
ALOG. http://www2.nerc.gov.ua/control/uk/publish/article/main?art_id=81662&cat_id=34446. Ac-
cessed 6 Oct 2011 (in Ukrainian)

OECD (2007) Financing water supply and sanitation in EECCA countries and progress in achiev-
ing the water-related millennium development goals. Available via DIALOG. http://www.oecd.org/
env/outreach/39174956.pdf. Accessed 25 Aug 2012

OECD (2010) Analysis of the scope of energy subsidies and suggestions for the G-20 Initiative. Back-
ground paper to the joint report by IEA, OPEC, OECD and World Bank. Available via DIALOG.
http://www.oecd.org/dataoecd/62/63/45339216.pdf. Accessed 25 Aug 2012

Parvin S, Banouei AA (2009) Assessing the susceptibility of elimination in energy subsidies
on the living standards of households in Iran. 17th International Input Output Conference,
São Paulo, July 13–17. Available via DIALOG. http://www.iioa.org/conferences/17th/papers/
622597991_090620_071301_PARVINANDBANOUEI.PDF. Accessed 25 Aug 2012

Perman R, Ma Y, Common M, Maddison D, Mcqilvray J (2003) Natural resource and environmental
economics, 3rd edn. Pearson Education, Glasgow

Petri M, Taube G, Tsyvinski A (2002) Energy sector quasi-fiscal activities in the countries of the
former Soviet Union. Working paper, IMF. Available via DIALOG. http://www.imf.org/external/
pubs/ft/wp/2002/wp0260.pdf. Accessed 25 Aug 2012

Pirani S (2007) Ukraine’s gas sector. Oxford Institute for Energy Studies. Available via DIA-
LOG. http://www.oxfordenergy.org/wpcms/wp-content/uploads/2010/11/NG21-UkrainesGasSector-
SimonPirani-2007.pdf. Accessed 25 Aug 2012

Prosser RD (1985) Demand elasticities in OECD: dynamical aspects. Energy Econ 7:9–12
Russo C, Green RD, Howitt RE (2008) Estimation of supply and demand elasticities of California com-

modities. Department of Agricultural and Resource, Economics, UCD, UC Davis. Available via DI-
ALOG. http://escholarship.org/uc/item/3432z1pv. Accessed 25 Aug 2012

Saavalainen T, Berge J (2006) Quasi-fiscal deficits and energy conditionality in selected CIS countries.
Working paper 06/43, International Monetary Fund. Available via DIALOG. http://www.imf.org/
external/pubs/ft/wp/2006/wp0643.pdf. Accessed 25 Aug 2012

Saboohi Y (2001) An evaluation of the impact of reducing energy subsidies on living expenses of house-
holds. Energy Policy 29:245–252

Saunders M, Schneider K (2000) Removing energy subsidies in developing and transition economies.
ABARE Conference paper 2000.14. 23rd Annual IAEE International Conference, International Asso-
ciation of Energy Economics, Sydney, June 7–10. Available via DIALOG. http://www.earthtrack.net/
files/Saunders_Schneider.pdf. Accessed 25 Aug 2012

Scrieciu SS (2007) The inherent dangers of using computable general equilibrium models as a single
integrated modeling framework for sustainability impact assessment. A critical note on Bohringer
and Loschel (2006). Ecol Econ 60:678

Soheir A, El-Laithy H, Kheir-El-Din H (2009) The impact of phasing out subsidies of petroleum energy
products in Egypt. The Egyptian Center for Economic Studies. Available via DIALOG. http://www.
eces.org.eg/Uploaded_Files/%7B87C87F1A-6C8D-4A4D-BC46-18C15168AF13%7D_ECES
%20WP145.pdf. Accessed 25 Aug 2012

SSCU (2009a) Statistical yearbook of Ukraine for 2008. SSCU, Kyiv (in Ukrainian)
SSCU (2009b) Household income and expenditures in Ukraine for 2008. SSCU, Kyiv (in Ukrainian)
SSCU (2009c) Fuel and energy resources of Ukraine. SSCU, Kyiv (in Ukrainian)

http://unfccc.int/files/national_reports/annex_i_ghg_inventories/national_inventories_submissions/application/zip/ukr-2011-nir-08jun.zip
http://unfccc.int/files/national_reports/annex_i_ghg_inventories/national_inventories_submissions/application/zip/ukr-2011-nir-08jun.zip
http://mpe.kmu.gov.ua/fuel/control/uk/doccatalog/list?currDir=50505
http://mpe.kmu.gov.ua/fuel/control/uk/doccatalog/list?currDir=50505
http://mpe.kmu.gov.ua/fuel/control/uk/publish/article%3Fart_id=146539&cat_id=35081
http://www.bank.gov.ua/Statist/Stat_data/Exchange_r.xls
http://www2.nerc.gov.ua/control/uk/publish/article/main?art_id=81662&cat_id=34446
http://www.oecd.org/env/outreach/39174956.pdf
http://www.oecd.org/env/outreach/39174956.pdf
http://www.oecd.org/dataoecd/62/63/45339216.pdf
http://www.iioa.org/conferences/17th/papers/622597991_090620_071301_PARVINANDBANOUEI.PDF
http://www.iioa.org/conferences/17th/papers/622597991_090620_071301_PARVINANDBANOUEI.PDF
http://www.imf.org/external/pubs/ft/wp/2002/wp0260.pdf
http://www.imf.org/external/pubs/ft/wp/2002/wp0260.pdf
http://www.oxfordenergy.org/wpcms/wp-content/uploads/2010/11/NG21-UkrainesGasSector-SimonPirani-2007.pdf
http://www.oxfordenergy.org/wpcms/wp-content/uploads/2010/11/NG21-UkrainesGasSector-SimonPirani-2007.pdf
http://escholarship.org/uc/item/3432z1pv
http://www.imf.org/external/pubs/ft/wp/2006/wp0643.pdf
http://www.imf.org/external/pubs/ft/wp/2006/wp0643.pdf
http://www.earthtrack.net/files/Saunders_Schneider.pdf
http://www.earthtrack.net/files/Saunders_Schneider.pdf
http://www.eces.org.eg/Uploaded_Files/%7B87C87F1A-6C8D-4A4D-BC46-18C15168AF13%7D_ECES%20WP145.pdf
http://www.eces.org.eg/Uploaded_Files/%7B87C87F1A-6C8D-4A4D-BC46-18C15168AF13%7D_ECES%20WP145.pdf
http://www.eces.org.eg/Uploaded_Files/%7B87C87F1A-6C8D-4A4D-BC46-18C15168AF13%7D_ECES%20WP145.pdf


Journal of Economic Structures (2013) 2:7 Page 27 of 27

SSCU (2010) Ukraine’s input–output table at consumer prices for 2008. SSCU, Kyiv
UNEP (2004) Energy subsidies: lessons learned in assessing their impact and designing

policy reforms. Available via DIALOG. http://www.unep.ch/etb/publications/energySubsidies/
Energysubreport.pdf. Accessed 25 Aug 2012

United Nations Statistics Division (2010) Carbon dioxide emissions. http://mdgs.un.org/unsd/mdg/
SeriesDetail.aspx?srid=749&crid=. Accessed 25 Aug 2012

Wohlgemuth N (1997) World transport energy demand modeling: methodology and elasticities. Energy
Policy 25:1109–1119

World Bank (1997) Expanding the measure of wealth: indicators of environmentally sustainable develop-
ment. World Bank, Washington

World Bank (2005) Ukraine: the impact of higher natural gas and oil prices. Available via DIALOG.
http://siteresources.worldbank.org/INTECAREGTOPENERGY/34004325-1112025344408/
20772964/UkraineEnergyPricePolicyNote.pdf. Accessed 25 Aug 2012

World Bank (2012) Modernization of the district heating systems in Ukraine: heat metering
and consumption-based billing. Report 64989-UA, Sustainable Development Department
Europe and Central Asia Region. Available via DIALOG. http://siteresources.worldbank.org/
UKRAINEINUKRAINIANEXTN/Resources/455680-1332179461564/UkraineDHreport2012e.pdf.
Accessed 1 June 2013

http://www.unep.ch/etb/publications/energySubsidies/Energysubreport.pdf
http://www.unep.ch/etb/publications/energySubsidies/Energysubreport.pdf
http://mdgs.un.org/unsd/mdg/SeriesDetail.aspx?srid=749&crid=
http://mdgs.un.org/unsd/mdg/SeriesDetail.aspx?srid=749&crid=
http://siteresources.worldbank.org/INTECAREGTOPENERGY/34004325-1112025344408/20772964/UkraineEnergyPricePolicyNote.pdf
http://siteresources.worldbank.org/INTECAREGTOPENERGY/34004325-1112025344408/20772964/UkraineEnergyPricePolicyNote.pdf
http://siteresources.worldbank.org/UKRAINEINUKRAINIANEXTN/Resources/455680-1332179461564/UkraineDHreport2012e.pdf
http://siteresources.worldbank.org/UKRAINEINUKRAINIANEXTN/Resources/455680-1332179461564/UkraineDHreport2012e.pdf

	Eliminating Indirect Energy Subsidies in Ukraine: Estimation of Environmental and Socioeconomic Effects Using Input-Output Modeling
	Abstract
	Introduction
	An Overview of Previous Estimates of Energy Subsidies in Ukraine and Impact Assessments of Removal of Subsidies
	Methodology
	Price-Gap Approach
	Estimating Price Effects on Environmental and Socioeconomic Factors
	Input-Output (IO) Price Model
	Estimating CPI Changes for Different Income Groups
	Partial Equilibrium Approach
	Input-Output Demand-Driven Model

	Data
	Limitations

	Results and Discussion
	Energy Subsidies in the Gas and Electricity Sectors of Ukraine
	Effects on Relative Prices, Production and Employment
	Income Effects for Different Income Groups
	Effects on Energy Consumption
	Effects on GHG Emissions

	Conclusions
	Competing Interests
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


