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ABSTRACT

The purpose of this paper is to explore the costs for reducing CO,
emissions from the power sector in a number of Eastem European countries in
2020. A linear programming model is used and it is based on the underlying
assumptions of the so-called RAINS model. The results, based on an
exogenously given 15 percent reduction target for CO, emissions, show that
the marginal costs for switching from a carbon intense fuel to either a low
carbon or a renewable energy source differ heavily among the countries
studied. Overall, there is a relatively large potential for fuel shifts in the power
sector and renewable resources could be further utilized in order to attain
European climate policies.
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INTRODUCTION

The future implementation of the Kyoto Protocol to the Framework
Convention on Climate Change (henceforth the Protocol) is a widely studied
topic in the economics literature and it has attained focus from different point
of views. One of the main issues addressed in previous research efforts has
been the assessment of the ability for countries listed in Annex I of the
Protocol to fulfill their commitments and reduce greenhouse gas emissions on
average tIve percent below their 1990 levels until the tIrst commitment period
2008-2012. An important step towards compliance with the Protocol will be
the European emissions trading scheme (ETS) that was implemented in the
beginning of 2005 and that will make it possible for European countries to
trade emission allowances acrOSs countries.

Another measure for fulfilling the commitment is a different so-called
flexible mechanism, namely Joint Implementation (11).' The rationale for JI is
that countries with high marginal costs for CO, reduction will benefit from
investing in countries with relatively low marginal costs. It is commonly
accepted that Eastern European countries, or the so-called economies in
transition, will be important players in future JI activities and consequently,
important for other European countries in order to fulfill the Protocol and the
ETS (e.g., Ellerman, 2000; Fankhauser, 2003; Victor, 2001). A future
implementation of the Protocol seems currently not to cause any major
economic side-effects among the Eastern European countries. According to
the Protocol, greenhouse gas emissions will be frozen at their 1990 levels and
future emissions will be reduced by tIve percent compared to the same base
year, but this will not necessarily imply a problem since most of the
economies will not reach the 1990 emissions level in the near future. One of
the reasons, or perhaps the most important one, is the economic collapse in
the early 1990s. The region is however important in a longer perspective of
emission reduction where the diffusion ofrenewable energy resources as well
as an increased utilization of gas and nuclear power can playa crucial role
(Ouic et aI., 2005; Horn, 1999; Karasalihovic et aI., 2003). The Eastern
European countries show a vast potential for renewable energy sources that
can be utilized for generating heat and electricity (Bartle, 2002; Feretic et aI.,
1999; Martinot, 1999). One of the targeted sectors in the Protocol as well as in
the ETS is the power sectors, and in particular fossil fuel-based power plants.

I The Kyoto Protocol mentions three flexible mechanisms that can be used for emission
reductions: Emission Trading, Clean Development Mechanism and Joint Implementation
(11). 11 implies that Annex I countries can engage in Jl activities where the country (or
corporation) finances emission reduction activities in another Annex I country, e.g., in
Eastern European countries that have agreed to limit their emissions. For a more
comprehensive discussion see Ellerman (2000).
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The future development of the power sectors in Eastern Europe has
been analyzed in the past with different attention given to renewable energy.
For instance, Varadarajan and Kennedy (2003) review the future demand and
supply of electricity in a number of countries in Southeast Europe, but their
analysis is based on the power generation sector in 2000 and they do not fully
take into account a wider use ofrenewables. Other studies have dealt with the
potential for renewable energy in individual countries and the prospects for
utilizing renewable energy sources in power generation (e.g., Martinot, 1999).
Another approach used to analyze the potential use of renewables is the one
conducted by the International Institute for Applied Systems Analysis
(llASA) and their Regional Air Pollution Information and Simulation
(RAINS) model. This model has been used to assess the costs and potentials
for reducing air pollution in Europe. The connection between traditional air
pollution and greenhouse gases (GHG) and the effects on both human health
and climate change have been acknowledged in a number of studies (e.g.,
Klaassen et aI., 2004; Syri et aI., 200 I). These studies indicate that future
policies could be formed in a way to simultaneously deal with both health and
climate issues. The RAINS model has been extended to assess the optimal
strategies for controlling pollutions simultaneously as GHG in order to reach
the synergy effects resulting from the model. The model could provide policy
makers with a tool to minimize the health effects from pollution, and at the
same time, reduce GHG into the atmosphere at minimum cost. In a first stage,
the RAINS model has been used to explore the costs of climate policies and
GHG reduction in the 25 member states and the five acceding countries of the
EU (EU 30), but the model has not yet incorporated the remaining European
countries. In 1990, the Eastern European countries accounted for some 30
percent of the overall CO2 emissions in Europe, and projections show that
these countries will continue to account for a substantial part of the emissions
in 2030 (Klaassen et aI., 2004).

The purpose of this paper is to analyze the cost for reducing CO,
emissions until 2020 in the power sector in a number of East European
countries and regions; Croatia, Former Yugoslav Republic of Macedonia
(Macedonia), European part of Russia, Serbia-Montenegro (Serbia), and the
Ukraine. The study will use the underlying methodological framework of the
RAINS model; specifically, a linear programming model is used to estimate
the costs of complying with pre-determined emission targets in each country.
The results from the analysis can be used to: (a) indicate how the diffusion of
renewable energy resources will be affected by the combination of carbon
pricing and an exogenously decided emission reduction in each country; and
(b) assess the overall economic conditions for JI activities in the selected
countries.
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The paper does not attempt to make an economy-wide analysis of
carbon mitigation options; instead the focus lies on the power sector. In 1990,
the power industry accounted for some 36 percent of total CO, emissions in
Europe (Klaassen et aI., 2004). The power industry is a relatively attractive
target for mitigation actions since power generation provides much flexibility
in terms of fuel choices and the different fuels have significantly different
carbon contents. Other sectors are more difficult to target, such as the
transportation sector that relies almost exclusively on oil products and few
substitutes exist (Soderholm and Stromberg, 2003). In this paper, the focus
lies on the potential to either switch to renewable energy sources, e.g., hydro,
wind and solar, or to low carbon-intense technologies such as gas. In general,
countries can achieve their reductions through achieving lower final demand
for energy, energy efficiency improvements and fuel switching. This study is
limited to only consider the latter measure, even though the former strategies
are also important for CO, reduction. Furthermore, the assessment and
potential of CO, reduction through increased use of renewable energy will be
important for the future work of including these countries in the RAINS
model. The analysis also focuses on CO, emitted from the combustion of
fossil fuels in the power sector. Among the GHG's covered in the Protocol,
CO, is the most critical one from a global warming perspective, and accounts
for some 60 percent of the greenhouse effect (Houghton et aI., 2001).2 In sum,
this study will contribute to the literature in two distinct ways: first, the
analysis explores the CO2 mitigation costs in a number of Eastern European
countries, and second, it provides a foundation for implementing these
countries in the RAINS model.

The paper proceeds as follow. Section 2 describes the methodology
underlying the RAINS model as well as the linear programming model used
in this paper. Section 3 reviews the baseline projections of CO2 emissions and
power generation in the selected countries. This section also discusses the
potential use of renewable energy sources in the power sector until 2020.
Section 4 presents the results of the model simulations, while section 5
discusses some limitation ofthe results and sums up the main findings.

1. METHODOLOGY

In order to analyze the costs for future emission reductions in Eastern
Europe, information on projections of emissions, power generation costs and
fuel switch potentials are needed. In this study, the underlying assumptions
represented in the RAINS model are used to: (a) calculate the costs and

The remaining GHG's are methane (CH4), nitrous oxide (NzO), Hydroflourcarbons (HFC's),
perflourcarbons (PFC's) and sulphur hexafluoride (SF6).
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emissions associated with the generation of power; and (b) minimize the cost
of meeting electricity demand given quantitative constraints on the CO,
emission level. The following section begins by briefly explaining the RAINS
model and the remaining part outlines the linear programming model used in
the present paper.

1.1 The RAINS Model
The RAINS model was developed in the 1980s for the purpose of

assessing optimal control strategies for reducing health impacts stemming
from air pollution. The model combines the development of energy demand
and economic growth, costs and potential for emission control, atmospheric
characterization, and environmental effects from air pollutants.'

The RAINS model makes it possible to estimate a minimum cost
alternative for restricting pollutants under a given energy and agricultural
scenario and estimate the effects from controlling several pollutants
simultaneously, both for several economic actives, and for several (European)
countries. Controlling pollutant (positive) side effects can occur since many of
the sources for pollution is also a major source for GHG emissions. For
instance, consider a coal fired power plant that emits large amounts of CO,
and NO, simultaneously where at the same time, reductions can be achieved
by lowering the coal usage. In the same way, climate change measures that
are directly targeting reduction ofGHG's can have a positive side effect on air
pollutants (Syri et aI., 2001). Given the insight of the potential effects of GHG
emissions into the atmosphere and the connection between air pollutants and
GHG's, the RAINS model has been extended to also include GHG, i.e.,
reduce GHG, and at the same time, minimizing health effects from air
pollution. For a thorough description of the RAINS model, see Klimont et al.
(2002).

The scope of this study is the power sector and therefore, only the
methodology for calculating costs associated to the power sector will be
described. No other sectors included in RAINS such as industrial activities,
transportation, or dwelling will be discussed. For the power sector, the
RAINS model considers fossil fuel based technologies to be replaced by
renewable sources as displayed in Table 1, where brown coal, for instance,
can be replaced by all other alternative technologies with less carbon contents.

3 These pollutants include sulphur dioxide (502), nitrogen oxides (NOJ, ammonia (NH:;), non
methane volatile organic compounds (VOC), and fine (PM2.5) and coarse (PM IO-PM2.5)
particles.
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Table I: Options for Power Generation Fuel Snbstitution Considered in
RAINS

Hydro- Wind Wind Other
Original fuel Gas Nuclear power Biomass onshore offshore Solar renewables

Brown coal x x x x x x x X

Hard coal x x x x x x x X

Heavy tuel oil x x x x x x x X

Natural gas x x x x x x X

Source: RAiNS (2004).

The potential for carbon capture, both pre- and post-combustion, is not
included in the analysis due to lack of regional and national data. Another
important measure for reducing CO, emissions is energy efficiency
improvements which mean that the same power generation levels can be
attained with fewer fuel inputs. In this study, no explicit efficiency measure is
used. However, energy models, which the country projections are built upon,
often assume fuel efficiencies to improve over time. This means that a power
plant built in 2020 would be more efficient than the same plant built in 20 I0
due to some technological progress. Yet another important measure not
explicitly included in this study, is cogeneration to jointly produce heat and
power. At this point, no consideration is given to heat production.

When analyzing the power sector and the consequences of climate policy
such as the Kyoto commitment, the RAINS model can be used to assess the
costs and options for replacement of fossil fuel-based technologies. The
following section outlines a cost-minimizing model that rests on the
assumptions in the RAINS model that covers the power sector. This means
that the model used here forms part of the larger and more extensive RAINS
model.

1.2 A Linear Programming Model for Assessing the Costs of CO,
Compliance in the Power Sector
In order to asses the potential for CO, reduction at minimum cost, a

linear programming model is used where the purpose of the mathematical
programming problem is to minimize the total cost of power generation in a
single country subject to the demand for electricity, supply constraints, CO,
emissions, and existing technologies. The optimization problem can thus be
expressed as:
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where Ce is the total cost of power generation in a given country and n
represents the available technologies (i = I, ... ,n). The costs of power

generating technology i can be divided into three broad categories; viz. Itl

the annualized investments costs, OM/,x the fixed costs, and OM,"" the

variable costs where the underlying parameters are either generic or country
specific. Generic parameters include technology data and country-specific
parameters, e.g., operating hours, annual fuel consumption, and prices for

labor and fuel. The Ii'" costs are calculated over the technical lifetime It of a

power plant using a real discount rate I' of4 percent:

/"" =Ix (1+1')/1 Xl'
(1+1')/1 -I

While investment costs represent all costs associated with the

construction of the plant, variable OM;''' (measured per kWd ) include costs

related to the actual operation of the plant such as fuel use d (cost per unit in
€/GJ), annual operating hours at full load pI, and electricity generation
efficiency in percent ,( Converting from kWh to GJ is made by using the
ratio 3.6/1000:

OM,'m =c f x pf x (1 001 tl) x (3.611000) (7)

OMt as expressed in equation (8) includes costs for repairs,

maintenance and administrative overhead not related to the actual usage of the
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plant. An approximate estimate of the fixed costs can be expressed as a
standard percentage a ofthe total investment I:

OM/,' = I x a (8)

The demand constraint in equation (2) should be interpreted so that

domestic electricity demand Q;" is met no matter which technology, q; (or

mix of technologies), that is used to generate electricity, The supply constraint
in equation (3) simply implies that the potential supply q; of an energy source

(technology) cannot exceed the actual quantity q; of the source available

within the country, Note that fuel availability applies both to the quantity of,
for instance, wind or solar energy, and fossil fuels such as gas or coaL This
constraint also assumes that renewable resources can neither be imported nor
exported, but fossil fuels, however, can be traded, The constraint in equation
(4) specifies the maximum level of CO, emissions £ allowed, Each
technology, i,e" power plant, is assumed to emit CO, according to emission
factors as used in the RAINS model, measured in kg per energy input. For
instance, the reference emission factor for natural gas is 55,8 kg CO,lGJ while
the corresponding emission factor is 99,5 kg CO,/GJ for brown coal usage
(Klaassen et aI., 2004),

In the model, some limitations of the utilization of renewables are
implemented, Each country has to continue to utilize a given part of their
existing fossil fuel technologies since, for instance, it is not plausible to
assume that a country economically can fully switch from coal to wind poweL
The constraint in equation (5) restricts countries with fossil fuel plants q ji to

continue to utilize 80 percent of the capacity qjib""lh" hence only allowing

renewables and low-carbon technologies to cover the residual supply, This
assumption is confirmed in other studies, where for instance Soderholm and
Stromberg (2003) point out that given climate policy objectives, some
countries are more likely to invest in existing capacity in the short-and
medium term, hence prolonging the life times of plants instead of investing in
new, more expensive, technologies such as wind poweL This implies that
coal-fired plants are converted to also bum gas, nuclear capacity extended,
and old inefficient coal-fired plants are replaced by more efficient gas or coal
fired units,

The model outcome is the cost minimizing mix of different technologies
that will achieve a quantitative CO, emissions reduction goal in 2020, In order
to measure the potential usage of renewable energy technologies, baseline
projection from the RAINS model of energy usage will be used together with
the potential levels of renewable energy, Section 3 describes the baseline
projections and the potential utilization ofrenewable resources,
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2. CO, EMISSIONS FROM THE POWER SECTOR

This section first describes the baseline projections from the RAINS
model on CO, emissions in all countries 2000 to 2020 and then the section
proceeds with a discussion of the potentials of renewable energy in the
selected countries. Initial results from the RAINS model concerning gross
CO, emissions in Eastern Europe suggest that in 1990, the countries in focus
accounted for some 30 percent of the lolal emissions in Europe (i.e., all
sectors) even after a drop in emissions until 2010, due to a decrease in the
economic activity, an increase is expected in all countries and the region will
still account for a fair amount of the total European emissions in 2030. The
results are based on the future activity levels reported from national
communications to the UNFCCC (2004) and baseline projections from the
PRIMES model used for the Clean Air for Europe (CAFE) baseline scenario
(EC, 2003; Klaassen et aI., 2004). Noteworthy is that the results suggest that
Croatia is the only country where emissions will not decline after 1990.

In 1990, the power seclor accounted for 36 percent of the total CO2

emission in Europe followed by the transportation (19 percent) and industry
(18 percent) sectors and the remaining were made up by conversion
combustion and conversion losses, domestic, processes, and non-energy
processes (total 23 percent). The individual shares are assumed to change over
the next coming 20 years; the transport sector will increase from 19 to 27
percent, the power sector remains the same at 36 percent, and industry and
conversion sector decrease somewhat. In the base line scenario, the power
sectors in East Europe are expected to follow the existing trend, i.e., slightly
increase due to increased economic activity and hence, higher energy demand
(Klaassen et aI., 2004).

2.1 Baseline Projections
The estimated baseline projections for power generation from renewable

energy sources are displayed in Table 2. The term small-scale hydro applies
for hydro power plants with a capacity less than 10 MW in line with the
definitions used by the lEA and ED (EC, 2003). Wind potential follows the
argument from Klaassen et ai. (2004) and includes both off-shore and on
shore plants even though they differ in cost, but the term includes solely on
shore in the calculations presented in this paper since off-shore wind will not
be as cheap as on-shore wind power in 20204 Geothermal, tidal and other
renewable sources are bundled up in the term "other renewables". In

4 This assumption holds for the strict engineering costs of wind power. There are, however,
additional factors that influence site specific costs and hence the total costs for wind
power, such as permitting and planning procedures.
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comparison to hydro, solar and wind, the potential for other renewables is
generally considered to be low in 2020.

Table 2: Renewable Energy Power Generation Baseline Projections, in
PJ

Hydro Biomass Wind
Small-scale

hydro Solar
Other

renewables

Year
2000 + 00 10 20 00 10 20 00 10 20 00 10 20 00 10 20 00 10 20

Albania 18 15 15 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0

Belarus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0

Bosnia 18 13 13 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0

Croatia 0.3 0.3 0 0 0 0 0.1 0.3 23 24 27 0 0 0
Mace-
donia 000000000467000

o 0 2

o 0 0

13 15 14 8

2828284

121 120 117 60

o 0 0 0

o

o

o

o

oo

o

o

o

o

o

o

o

o

o

5

9

o

o

80

9

5

o

o

80

oo

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

Moldavia 0
Russia
Kali 0
Russia_
Kolk 0
Russia_
Remr 0
Russia~

Spet 0

Serbia 0.2 0.2 0.2 0 0 0 0 0 0 37 28 32 0 0 0 o 0 0

Ukraine 0 0 0 0 0.01 0.4 0 0 0 41 34 37 0 2 17 0.02 2 10

Total 36 28 29 0 0.01 0.4 0 0 0 268 254 264 72 96 111 0 2 12

Sources: EBRD (20114). EPS (2003). lEA (2003). Jellc el al. (2000). Kulik (2004). Martinol
(1999), RAINS (2004), UNFCCC (2004), and WEC (2000).

The numbers for year 2000 are based on energy balances from the lEA
(2002), except tor Russia where the data is based on the existing RAINS
model and lEA (2003). Following the definitions in tbe RAINS model, Russia
is divided into four regions due to varying geographic characteristics;
Kaliningrad (Kali), Kola-Karelia (Kali), St. Petersburg (Spel) and the
remaining European part (Remr).

Some of the data sources suggest several different scenarios based on
different policy and economic growth assumptions. However, in all cases,
baseline projections under a business-as-usual scenario have been used. That
is to say, there is a slow introduction of renewabIes but there is however no
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introduction of additional climate policies that support additional renewable
energy penetration.

The development of nuclear power is assumed to stay on the same base
load level as in the baseline scenario, unless the data material has explicitly
indicated that new capacity is projected. This implies that nuclear power
generation is included as an exogenous variable and that countries cannot alter
their baseline levels.

2.2 Potential Diffusion of Renewables and Low-Carbon Fuels
The availability of renewable energy for the power sectors in the

different regions differs heavily due to geographic characteristics. Potential
use of renewables here means the economic potential available in terms of
what could be utilized in respect of potential electricity markets, technology
and grids. In the case of Russia, for instance, the technical potential of wind
power is considerable and could theoretically almost solely meet total
electricity demand, but the actual potential is restricted by where markets can
be constructed and how the electricity could be distributed. The theoretical
potential does not reflect the real plausible conditions and opportunities for
using the source in power generation. Table 3 displays the potential of
utilizable renewable energy in the power sector. Data for 2010 and 2020 are
based on a number of sources: the Croatian data stem from their National
Communication (UNFCCC, 2004) and Jelic et al. (2000), Ukraine from Kulik
(2004), Russian from lEA (2003) and Martinot (1999), and Serbia from EPS
(2003). Data for countries not mentioned otherwise are from the countries'
national communications (EBRD, 2004; UNFCCC, 2004; WEC, 2004). The
biomass potential for all countries rests on the assumed productivity of
biomass in each country combined with data on agricultural land in the
RAINS model (RAINS, 2004). It is assumed that all countries can utilize the
same level of the total biomass supply for power generation (see e.g., Hall et
aI., 1994 for a description of the methodology). The data on the potential for
large-scale hydro power originate from WEC (2004).

lEA (2003) and Martinot (1999) report that there exists a large potential
for small-scale hydro in Russia, but the definition of small-scale hydro in
Russia applies for plants with a capacity less than 30 MW. None of the
reported objects have a capacity less than 10 MW and the potential for small
scale is thus zero in Russia. Wind power potential in Russia builds on 25
percent of technical potential available according to Martinot (1999). Most
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renewable potential in all countries lies foremost in the use of more hydro
power and biomass, and in some cases wind power. Wind power should
however be possible to utilize to a wider extent, but the numbers here are as
reported by each country and energy model. Solar power and other renewable
power such as geothermal and tidal power are not considered to be
economically feasible within the coming 15 years.

Table 3: Estimates of the Potential Availability of Renewable Energy for
Power Generation in a Number of Eastern European Countries,
in PJ

Hydro Biomass Wind
Small-scale

hydro Solar
Other

renewables

Year 2000·j

Albania

Bdanls

Bosnia

Croatia

10

22

7

68

32

'0

22

7

68

32

10

2

16

4

20

2

16

5

10

o

o

o

20

o

o

o

2

10

o

o

o

o

20

o

o

o

o

10

o

o

o

2

20

o

o

o

5

10

o

o

o

2

20

o

o

o

5

Macedonia

Moldavia

RUSS1<1 Kolk

Russiaj{emr

Serbia

12 12 2 2 0 0

4 4 5 5 0 0

o 0 0.3 0.] 0 0

66 66 3 3 36 36

132 132 262 262 869 869

o 0 10 10 0 0

54 97 10 0 0 0

7

o

o

o

o

o

6

7

o

o

o

o

o

6

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

Ukraine 34 68 86 86 2 12 o o 0.02 o o

Total 430 508 401 393 907 918 13 13 2 6 2 5

Sources: EBRD (2004). EPS (2003), lEA (2003), lelic el al. (2000), Kulik (2004),
Marlinot (/999). RAINS (2004), UNFCCC (2004), and WEC (2000).
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2.3 Power Generation Costs
pue to data limitations, the data input used in this study is country

specific only for Ukraine and Croatia and generic for the remaining countries
and regions. Table 4 displays the generic costs as presented in RAINS and
Table 5 displays the country specific power generation costs and data for
Croatia and the Ukraine. Data for generic and country-specific cost not
mentioned otherwise originate from the RAINS model; for a description of
data sources see Klaassen et al. (2004). The country specific data for Croatia
and Ukraine are drawn from WEC (2004) and Kulik (2004), respectively.
Country-specific operating hours have only been used for hydro and wind
power since it is assumed that the cost for the traditional technologies such as
coal and heavy fuel oil are relatively homogenous across countries. All costs
are expressed in constant Euros (€) in prices of the year 20005

Table 4: Generic Costs of New Power Generation Used for Calculating
Cost of Fuel Substitution

Investment Fixed O&M Electricity Lifetime Fuel prices

per kWe per year efficiency

€ of2000 €!kWe % years €/GJ

Brown coal 1010 34 33 30 1.6

Hard coal 970 26 35 30 1.6

Heavy fuel oil 708 48 35 30 4

Natural gas 550 48 50 30 3.5

Hydro large 3000 49 100 30 0

Nuclear 2010 90 100 30 2

Biomass 1455 76 33 30 3.2

Wind 1000 25 100 15 0

WOF \Vind offshore 1750 30 100 15 0

Solar 4000 92 100 30 0

Hydro small 3000 49 100 30 0

Other renewables 3500 140 15 25 0

Source: Klaassen e/ al. (2004).

5 The average exchange rate in 2000 for USD/EUR was 0.92.



Petterssol7 71

Table 5: Power Plant Data and Costs, Croatia and Ukraine

Fuel costs Capacity Utilization Unit Cost

f/GJ hours/year €ccnts/Kwh

Unit Cost

ME/PJ inp

Croa Ukra Croa Ukra Croa Ukra Croa Ukra

Brown coal 2.0 1.3

Hard coal !.6 1.1

Heavy fuel oil 3.8 2.2

Natural gas 5.2 l.7

Hydro large 0 0

Biomass 6.1 4.7

Wind 0 0

Solar 0 0

Hydro small 0 0

Other renewablcs 0 0

4978

4503

3850

4700

3500

4700

2000

1080

3500

5000

6380

6050

6050

4700

2000

4700

2000

550

3500

5000

4 2.9 34.04 24.01

3.5 2.5 27.49 19.77

6.2 3.7 49.19 29.59

5.5 3.2 30.34 16.18

6.3 11.1 17.61 30.82

10.1 8.5 85.03 71.76

5.7 5.7 15.96 15.96

29.958.883.17163.31

6.3 6.3 17.61 17.61

7.3 7.3 134.81 134.81

Sources: Klaassen et al. (2004), Kulik (2004). and WEe (2004).

The baseline projections, together with projections of fuel and
technology potential for each country as described here are used in the linear
programming model. Section 4 presents the results in terms of the cost of CO,
avoidance in the respective country based on two different scenarios.

3. EMPIRICAL ANALYSIS

This section presents the scenarios that are used for estimating the
abatement costs through the optimization routine presented in Section 1. Due
to data availability reasons, the results for Albania, Belarus, Bosnia
Herzegovina and Moldavia are not presented. The results are also used to
discuss tbe future diffusion of renewable energy.

3.1 Scenarios
In order to assess the possibilities for emISSIOns reduction in the

countries, some insight of how the future might develop is needed. Scenarios
should not be seen as predictions or forecasts of the future, but rather as
alternatives of how the future could unfold. The potential for reducing CO,
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emissions, from onr baseline case (scenario 0) presented in section 3.1, are
analyzed in the context of two illnstrative scenarios.

In Scenario I, a hypothetical national 15 percent reduction in CO,
emissions compared to the baseline projections in 2020 is introduced. The
scenario builds on a business-as-usual scenario where it is assumed that there
will be an introduction of renewable energy in the power sector dnring the
period until 2020 in accordance with the scenarios reported by the EC (2003).
The 15 percent decrease is also used in initial scenarios in the RAINS model,
hence further motivating the nnmber in this paper.

Scenario 2 employs the maximum feasibility reduction (MFR) and
assesses the maximum level of CO, reduction that is available in each country.
The scenario does not take into consideration the likelihood of such a
measnre; it is simply used to display how much renewable energy that exists
within the country, and that could be used for CO, mitigation purposes in the
power generation sector. The results are obtained by iteration of the lowest
CO, reduction possible given the constraints in eqnations (2)-(5) in section
2.2.

Yet another interesting scenario would be to analyze how the selected
countries would comply with the Protocol if it would be ratified by all
countries and with similar obligations as for the EU countries. The Protocol
implies that the countries must reduce their emissions in 2008-2012 to a given
percent of the level in 19906 Projections of economic activity, energy demand
and thus CO, emissions suggest however that the implementation of the
Protocol would not imply any difficulties in achieving the reductions for the
countries analyzed in this paper. Instead almost all countries, except Croatia,
will have a CO, snrplus to sell in a trading situation. Estimates show that even
scenarios with high economic growth would not propel high CO, levels for
the largest economies Ukraine and Russia (Victor et aI., 2002).

Finally, as a first step, all countries have been optimized independently
to one another and in a second step; the countries were bundled up as a region
and optimized assuming that electricity can be traded freely between the
countries with out transmission losses. A situation like that might be
farfetched, but the main purpose of the latter exercise is however to present
the overall potential of renewable energy use in the power sector in the region
as such.

(, Croatia has agreed to a reduction target of 5 percent compared to the base year while Russia
and Ukraine arc allowed to remain on the same level as their base year.
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3.2 Findings
The results from the different scenarios are displayed in Table 6. The

optimization routine was solved using Frontline Systems Premium Solver in
Microsoft Excel.

Table 6: CO2 Emissions (kt) and Marginal Costs (fiCO,) in 2020

Scenario 0: Scenario I: Scenario 2:

Baseline -15% MFR

CO2 CO2 Me CO2 MC Reduction

Croatia 4664 3964 27 117 605 98%

Macedonia 3247 2760 22 487 79 85%

Russia_Kali 4065 n. f. n.f. 3976 82 2%

Russia_Kolk 11439 9723 38 7778 58 32%

Russia_Remr 344312 292665 58 230689 117 33%

Russia_Spet 30289 25746 58 24686 115 19%

Serbia 39286 33393 38 16893 115 57%

Ukraine 101811 86540 174 85522 1386 16%

Region 539114 458247 32 285730 661 47%

Notes: Redllction compared to baseline, n/ = notfeasible.

In the first scenario where a 15 percent decrease in CO, emissions is
applied, the results suggest that in all cases, except for Kaliningrad, the power
industry can reduce the emissions and still meet the electricity demand. The
marginal cost of removing the last unit CO2 ranges from 22 to 174 € per ton,
where the marginal cost is lower among the Former Yugoslavian countries.
The higher costs in the Russian regions and Ukraine are partly due to a lower
potential of renewable energy at the same time as the industry relies heavily
on fossil fuel based technologies, which means that it is costly to switch to the
more expensive renewable alternatives. Fuel shifts in power generation
changes differently for different countries due to the attractiveness of a certain
fi.lel, which in turn depends on the variable costs such as fuel prices and load
factors. Consider in particular Ukraine and Croatia, the only countries for
which country specific data is available and where the differences are
significantly high. In Ukraine, the existing technologies are fossil fuel-based
and reductions in coal and heavy fuel usage are made by increasing the use of
gas and various renewable power sources up to 4 percent at which the use of
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hydro increases up to its potential. If more stnct restnctlOns are imposed,
biomass power is added to the fuel mix. The last percentages of CO, reduction
(> 11 percent), imply that wind and solar power are utilized in order to meet
the constraint. In Croatia, the first 6 percent are reduced by increasing the use
of wind power and decreasing the use of gas power. The harder the CO,
restriction becomes, gas use decreases steadily and the use of small-scale
hydro increases (6-12 percent). In order to meet the final reduction target (> 12
percent), large scale hydro is used. The region optimization also shows that
the reduction target (-15%) is possible and that the overall marginal cost ends
up on a level lower than the Russian average. Noteworthy is that Russia
Remaining has a vast potential for renewable energy in wind and hydro power
at the same time as they account for some 80 percent of the total CO,
emissions. If Russia Remaining is excluded from the optimization, the region
still manages to meet the reduction goal with a modestly higher marginal cost;
38 compared to 32 €ItCO,.

The maximum feasible reduction scenario is, as mentioned above, used
to show the maximum potential use of renewable energy. The results show
that some countries, Croatia, Macedonia and Serbia, have large potentials to
reduce their emissions considerably by switching to low-carbon and carbon
free technologies. However, the probability of such a scenario is low
considering the dramatic increase in marginal costs and that no consideration
is given to the cost of the technologies. It is also questionable to what extent
some of the power sources can be utilized for both base and peak load
situations since wind power for instance can be difficult to use for base load
purposes. The utilization of expensive technologies such as solar and wind
power is maximized in order to fully switch from fossil fuels and this causes
the marginal costs to increase dramatically. The highest marginal costs
correspond to countries with a low potential of renewable or low-carbon
options and hence little ability to meet the electricity demand unless relying
on coal or heavy fuels. The high marginal cost in Croatia can be interpreted
such that the country already is generating power with low carbon content and
that a further reduction, in excess of IS percent that is, would be relatively
expensive. In Ukraine, the high marginal cost is due to a fossil fuel based
power generation and that a fuel switch would be expensive in order to meet
the power demand.

4. DISCUSSION AND CONCLUDING REMARKS

This paper has presented the costs for reducing CO, emissions from the
power sector in 2020 in a number of eastern European countries by using the
underlying assumptions from the RAINS model. The results show that given a
15 percent quantitative reduction the marginal cost for reducing emissions
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range between 22 and 174 € per ton CO, in the studied countries. The. highest
costs can be found in the Ukraine and Russian regions. One of the reasons for
the high costs is that the fossil fuel intense power sector would experience
increased costs if generation would be switched from low-cost alternatives to
high-costs such as wind and biomass power. The Former Yugoslavian
countries show lower marginal costs in switching to low fossil fuel
technologies. A maximum feasible reduction scenario was also used in the
analysis, and the results indicate the marginal cost for a situation where the
countries would use all possible resources available in order to minimize the
CO, emissions. The results show that the marginal cost range between 58 and
1386 € per ton CO, in such a situation.

The combined results from the two scenarios imply that some countries
experience a more dramatic increase in the marginal cost - the more reduction
that is required hence, creating a steeper marginal cost curve. Overall in the
countries and regions, CO, reductions from the power sector would be
possible but the costs differ significantly. It is thus clear that the Eastern
European countries are not homogenous in terms of CO, abatement potentials
and costs. One should however also note that although that there is a wide
potential for future JI projects in the region, other factors might also become
important, for instance, risk factors such as policy uncertainty and
institutional obstacles, before determining the final allocation of JI projects in
the region.

This paper intends not to provide an entirely comprehensive analysis of
the potential for CO, reductions in the regions; instead it should be seen as a
first attempt to model the costs for such a reduction. Not all countries
considered to be Eastern European where included in the analysis due to
difficulties to access appropriate data. In future research and also in the future
work with the RAINS model, country specific data is needed that better
covers baseline projections as well as the potential for renewable energy
resources in the region. It is important that these estimations have been
derived from specific energy models, especially when it comes to different
economic aspects that could alter economic growth and energy demand
assumptions. Furthermore, the economic feasibility of renewable resources
such as wind, solar and biomass has to be assessed for these countries in order
to make robust assumptions of the overall capacity in future time periods. It is
important to also bear in mind that fuel switching is not the only, or maybe
not always the best, measure to cope with climate policy objectives since in,
for instance, Russia energy efficiency measure could be a key factor in
reducing emissions.
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