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Abstract 

 

In Ukraine, deployment of traditional and renewable energy generation 

technologies is gradually moving forward. Potential of renewables in Ukraine is 

significant. Its actual use is limited due to lack of realistic program to increase 

renewables’ production capacity in the major energy policy papers. It significantly 

reduces the attractiveness of energy projects for private investors. Nonetheless, 

certain policies were adopted to increase spread of electricity from renewables in 

the market. Real significance of renewable energy in the structure of Ukrainian 

energy balance remains a matter of debate. Comparison of cost indicators and 

respective conclusions helped authors to answer the question on the perspective 

structure of electricity generation from various energy sources. 
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Introduction 

 

Energy supply reliability is an important indicator of both national economy 

state and performance of existing energy policy. Development of fuel and energy 

complex of Ukraine requires considerable funding – up to tens of billions of US 

dollars within the next twenty years. In order to invite those, ownership rights 

change, structural reforms take place, experience of Western countries in the 

reformation of energy markets is used, but the challenges of energy markets 

efficiency increase have not yet been resolved. All mentioned fully applies to 

electricity market.  

 

Roadmap 

 

In July 2010, the International Energy Agency has published an updated 

"Roadmap" of electricity generation technologies development "Prospects for 

energy technologies 2010" [1], where the scenario analysis of key technologies in 

energy production and consumption for the next 50 years is provided. Energy 

scenarios aimed at provision of reasonable, competitive and environmentally 
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friendly energy development, determined by the balanced use of energy generation 

technologies that differ by their efficiency, degree of impact on the environment, 

capital and operating costs.  

In Ukraine, deployment of traditional and renewable energy technologies is 

gradually moving forward. The adopted Energy Strategy of Ukraine until 2030 

(hereinafter - the Strategy) [2] has become the first national policy document that 

provides a vision of energy sector in long term. The Strategy defines scenario 

forecasts of electricity production structure and projected indicators of fuel use for 

electricity generation. The Strategy anticipates a significant reduction of fuel use 

per unit for electricity generation using more efficient and modern power 

generation equipment, increased efficiency of fuel use. 

 The estimated shortage of power generating capacity is planned to be 

covered by means of new nuclear power plant units construction, in particular of 

Khmelnitsky NPP-3 and Khmelnitsky NPP-4, as well as operation extension and 

reconstruction of existing thermal power plant units. 

 Potential of renewable energy in Ukraine is significant, but its actual use is 

quite limited due to lack of clear mechanisms and realistic program to increase 

renewables’ production capacity in the major energy policy papers. These factors 

reduce the attractiveness of energy projects for private business. The real 

significance of renewable energy in the structure of Ukrainian electricity balance 

remains a matter of debate. Diametrically opposing views on the scope of 

construction and operation of renewable energy facilities – from pessimistic to 

overly optimistic ones – are often heard in both academic and political quarters.  

Comparison of cost indicators and respective conclusions may bring us 

closer to answer the main question on the perspective structure of electricity 

generation from various sources toward achievement of sustainable electricity 

generation in future. 

 

Without rose-colored spectacles  

 

Currently Ukraine has a nominally significant excess capacity for electricity 

production: to cover its peak load, up to two thirds of the installed capacity of 

power plants is used. And yet, comparison of actual free capacities that can be 

used, the need for decommissioning of generating capacities exhausted their useful 

life, as well as projected 3-4% annual increase in electricity consumption bring us 

to the conclusion that the existing size of installed power generating capacity of the 

national energy system not only needs to be preserved, but also to be increased. 

The perspective balance of power generating facilities will be formed not only 

depending on fuel and cost balances, but also taking into consideration the need to 

provide the reserve capacity and maneuverability characteristics of the power 

system. This is particularly important having Ukraine's course for integration into 

supranational power system unions.  

Runs of baseline and alternative scenarios, performed by energy flows 

optimization model TIMES-Ukraine [3], developed at the Institute of Economics 

and Forecasting, National Academy of Sciences of Ukraine (hereinafter - IEF), are 
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claimed to make the existing policy documents in the energy sector more realistic, 

since real rates of generating capacities renewal already lag behind the declared 

rates from the Strategy. Our baseline scenario run gives the following structure of 

energy generation and fuel use (see Table 1, Fig. 1). 
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Fig. 1 Forecasted structure of fuel use for electricity production according to 

the baseline scenario of IEF and the Strategy, % 

Source: authors’ calculations using Model TIMES-Ukraine and Energy Strategy of 

Ukraine until 2030 

 

Table 1 Forecasted electricity generation structure according to the 

baseline scenario of IEF and the Strategy, % 

Technologies/processes 
2015 2030 

IEF Strategy IEF Strategy 

Total CHP including: 43,2 45,6 41,9 39,8 

    Coal CHP 34,1 -* 34,3 - 

    Natural gas CHP 9,1 - 7,6 - 

Isolated generation plants 0,2 4,3 0,4 3,1 

HPP and HPSPP 7,9 5,8 8,5 4,5 

NPP 48,5 44,0 48,5 52,1 

Renewables including: 0,3 0,4 0,9 0,5 

Solar** 0,1 - 0,6 - 

Wind** 0,1 - 0,1 - 

Biomass CHP  0,1 - 0,2 - 

* –no data in the Strategy; 

** – solar and wind power plants;  

Source: authors’ calculations using Model TIMES-Ukraine, Energy Strategy of 

Ukraine until 2030 
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For the baseline scenario run the following assumptions were made:  

 Terms of the baseline scenario are quite conservative. They do not include a 

significant change economy’s technological basis and focus on the extension 

of existing facilities operation with some assumption of changes 

(improvement) in their technical performance that is seen as the most likely 

prospect today. Due to depreciation and decommissioning of share of old 

facilities, certain diversification of energy flows through introduction of new 

or improved technologies is allowed. 

 Within the forecasted period CHP will primarily be developed using coal-

firing power generation technologies. Total capacity of new power units is 

expected to be about 10 GW.  

 Due to development of large hydropower its installed capacity could reach 

about 7 GW, i.e. its increase will be 1.5-2 GW.  

 In nuclear power generation life of existing reactors will be extended, and by 

2018 construction of two new reactors at Khmelnytsky NPP would be 

completed with total capacity of 2 GW, and by 2024 two more units will be 

commissioned.  

 By 2030 capacity of solar units will not exceed 1 GW; similar assumptions 

are made for electricity from wind and biomass.  

Despite a higher degree of realism and even conservative nature of baseline 

scenario assumptions, the necessary system mechanisms and incentives for its 

implementation are quite contradictory. 

 

Market is not all-mighty  

 

Experience of the EU and the U.S. indicates that liberalized electricity 

markets do not provide clear signals about the optimal number and structure of 

electricity generation capacities to meet the reliability requirements and provide 

reserve power generation in the power system. This is not the only example of 

imperfection and failure of market mechanisms. Growth of electricity prices, 

complication of energy supply and energy consumption modes do not provide 

signals for increased investments up to the desired level. Thus, in many European 

countries difficulties with investments in reserve capacities have arisen. In pre-

crisis period in Spain despite the overall 8% growth of the installed capacity, the 

actual reserve capacities 4% decreased. United Kingdom has 13% increased its 

capacity, which lead to only 1% of reserve increase. In Ireland it was 36% and 

21% respectively. As a result, the difference between actual and required reserves 

of power capacities in European countries could be reduced to 15% of the 

indicated level, and overall deficit could reach 6.7 GW, which would mean 

increased demand for electricity imports in those countries. 

As international experience shows, in condition of energy markets 

liberalization, transition to private ownership of majority of energy assets and the 

easing government’s regulatory role to ensure efficiency and reliability of their 
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functioning, the role of the third institution – nongovernmental organizations – is 

growing tremendously. An example of said is creation of European Energy 

Community, formed on the basis of electricity and natural gas markets’ entities in 

South-Eastern Europe. It is created to increase investments in power generation 

capacities, to improve reliability of energy supplies through implementation of 

norms and standards of EU energy policy. On the other hand, the effect of "pool", 

i.e. redistribution of loads between the power systems of member countries and 

smoothing of the peaks, allows reduction of need in investments in the sector of 

production and transmission of electricity. According to World Bank "Generation 

Investment Study" (2004), that effect was estimated at $3 bln by 2018.  

Another example is creation the association ―European Network of 

Transmission System Operators for Electricity‖ (ENTSO-E) in 2008 on behalf of 

42 companies-operators of electric power transmission systems from 34 European 

countries. Its goal is to strengthen cooperation on the European electricity market 

in the realm of technical development, control systems coordination, technical 

problems solving in networks for their stable operation.  

Therefore, Ukraine’s accession into European Energy Community and a 

course to join ENTSO-E will certainly increase the efficiency and reliability of 

national energy markets functioning through the introduction of more transparent 

and improved game rules, improvement of operation efficiency and their 

investment attractiveness, opening of European electricity market for additional 

electricity exports.  

In Ukraine, in conditions of declared further privatization of fuel and energy 

complex, the decisions about choosing certain energy technologies will 

increasingly be influenced by the signals of long-term electricity market, namely 

by the ratio ―technical feasibility - technical possibility - economic feasibility - 

environmental requirements‖. Economic feasibility will be determined based on 

comparison of capital costs per unit, operating costs per unit and fuel costs, 

environmental costs and back-up costs primarily in the construction of low-

maneuring capacity and capacities and capacities with small utilization coefficient 

because of their technological traits (wind and solar power plants).  

Development of certain energy technologies in the world can not be 

determinant for Ukraine, since such signals in the domestic conditions can be 

biased, or other ones can dominate. For instance, greenhouse gas emissions market 

in Ukraine does not substantially affect the trends of electricity sector 

development, while in OECD countries it is one of the determinants of technology 

transfer to reduce consumption of carbon-intensive fuels and disposal of carbon 

dioxide emissions.  

The need in substantial initial capital and expensive loans in Ukraine restrain 

investment opportunities of even big power companies in construction of large 

energy facilities, likewise their complex reconstruction. Many kinds of renewable 

energy can get barely developed without government subsidies, incentives and 

feed-in tariff.  

 

Basic indicators of competitiveness 
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Let us compare the cost indicators of energy generating technologies (see 

Table 2).  

Table 2 Approximate costs of new capacities and self-cost of electricity  

Technologies  
Investments, 

$/kW 

Self-cost, 

$/kWh 

Coal-fired CHP: 

Steam cycle with chemical absorption 1850 6,79 

Ultra supercritical steam cycle with chemical 

absorption 
1675 5,70 

Integrated gasification combined-cycle 2100 6,73 

Integrated gasification combined-cycle with 

solid oxide fuel cells 
2100 6,00 

Integrated gasification combined-cycle (black 

liquor) 
1620 3,35 

Circulating fluidized bed with chemical 

looping 
1400 5,26 

Natural gas-fired CHP: 

Combined cycle with chemical absorption 800 5,73 

Combined cycle with chemical absorption and 

oxyfueling 
800 5,41 

Combined cycle with solid oxide fuel cells 1200 5,39 

Modernization of steam cycle CHP based on 

gas-turbine superstructure 
300-550 5,00 

NPP (including decommissioning) 1200-2500 2,50-6,00 

NPP (operation extension) 250-390 2,50-6,00 

Large HPP 1000-2500 1,00-8,00 

Small HPP 800 6,00 

Renewables-fired power plants: 

Biomass CHP 226 7,60 

Geothermal power plants 2500-5084 6,50-30,80 

Photovoltaic plants 5000 15,00-50,00 

Wind power plants 1370 3,60 

Sources: Clean Coal CEAB 2008. IEA. [4] Lazard (New York), Levelized Cost of Energу 

Analysis, v.2.0, June 2008. [5] Geletukha G.G., Zhelezna T.A., Golubovska-Onisimova G.M., 

Konechenkov A.Ye. Outlook of Renewables in Agriculture and Forestry in Ukraine. – 
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<http://biomass.kiev.ua/Assets/files/AgPP6_U.pdf.> [6] Kernasiuk Yu. V. Scientific and 

Methodological Approaches to Calculation of Production Cost and Economic Efficiency of 

Bioenergetic Utilization of Dung. Scientific Works of KNTU. Economic Science, 2010, issue 17. 

[7], authors’ estimates. 

 

As shown in Table 2, amongst conventional energy technologies the most 

promising ones in terms of capital costs and electricity self-cost at the current fuel 

prices are clean coal and gas-turbine technologies, as well as the extension of 

nuclear power plants operation and energy efficiency measures. Assessment of 

electricity cost from nuclear power plants should include very high cost of 

decommissioning.  

Cost indicators of electricity from certain renewables (biomass-fired CHP, 

wind and small hydro power plants) are comparable with those for conventional 

power generation. As for other relatively new energy technologies, the 

overwhelming number of technologies at the initial stage of their development is 

really expensive. Taking into account experience of foreign countries, it is possible 

to reach the value of capital costs at about $1000/kWt of solar power plants by 

2020. However, when using large power generating objects, consisting of solar or 

wind machines, there is a need in additional accumulating and reserve capacities, 

which significantly increases the cost of renewables’ installed capacity. 

Along with energy production technologies, an important role is played by 

technologies of energy efficiency increase in electricity production and 

consumption spheres. Cost indicators of electricity, replaced due to implementation 

of energy-saving measures, certify of their economic feasibility and 

competitiveness in Ukraine compared to energy production technologies. Along 

with general tendency toward Ukraine's economy energy intensity reduction, the 

efficiency of primary energy conversion (including electricity and heat production) 

grows slower than efficiency of its consumption. Having low efficiency of energy 

resources use in all elements of "energy chain", growing prices for imported 

energy and increase of extensive component of resource base of fuel and energy 

complex, investments in power generation will provide smaller and smaller returns 

compared to investments in energy efficiency improvement (in reduction of energy 

consumption demand). Today, investment attractiveness of energy efficiency 

projects in European countries is often higher than that in energy generation, while 

in Russian Federation due to having its own raw material base of fuel and energy 

complex the reality is opposite. Nonetheless even in Russia the role of energy 

efficiency to reduce the investment needs in energy production is been repeatedly 

emphasized. In particular, in the draft Concept of complex energy development 

until 2020, developed by JSC "VNIPIenergoprom", the potential of released peak 

electric power capacity due to savings in final electricity consumption by 2020 is 

estimated at 13 GW, and optimization of heat supply systems, as expected, would 

release up to 50 mln t.c.e. of fuel, half of which is sufficient to ensure electricity 

generation by thermal power plant with total capacity of 30 GW. 

 

“Green” or “grey”? 
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The process of renewables’ deployment is usually moving forward due to 

private investments, but it also requires governmental support. For Ukraine the 

latter statement is proved by the dynamics of the number of companies that had 

been granted permits for feed-in tariff since its introduction (see Fig. 2). 
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Fig. 2 Number of electricity producers having feed-in tariff permit 
Source: official web-site of National Electricity Regulatory Commission of Ukraine (NERCU) 

http://www.nerc.gov.ua 

 

Feed-in tariff rate in Ukraine is overall commensurable with the cost of 

electricity production from renewables (see Fig. 3).  

http://www.nerc.gov.ua/control/uk/publish/article/main?art_id=86756&cat_id=34446
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Fig. 3 Self-cost of electricity from renewables and feed-in tariff rates, 

UAH/kWh 
Source: own calculations, decree of NERCU from 23.07.2009 #857 «On setting fixed minimal 

rate of feed-in tariff» (in ukr.). 

 

However, feed-in tariff for electricity from solar energy and electricity from 

biomass is higher than respective self-cost rates nearly two-fold, which provides a 

tangible incentive for projects development from these kinds of renewables. At the 

same time, there is no separate rate of feed-in tariff for electricity from biogas, 

which does not belong to biomass
1
 in accordance with current legislation. 

Although in many countries, particularly in Japan and Germany, this type of 

energy enjoys substantial preferences. 

Feed-in tariff and other incentives for renewables market development in 

Ukraine have led to an alternative scenario run of TIMES-Ukraine model. The 

alternative scenario assumes using of economically feasible potential of 

renewables (see Table 3).  

Table 3 Forecasted structure of electricity generation in Ukraine  

(Alternative scenario of IEF), % 

Technologies/processes  2005* 2009* 2012 2015 2018 2024 2027 2030 

Coal CHP  34,2  26,9  29,3  40,1  42,0  38,7  35,8 33,7 

Natural gas CHP 10,8 10,7  10,4  8,0  7,3  6,7  6,5  6,5  

Isolated generation 

plants 2,2  0,5  0,5  0,0  0,0  0,1  0,1  0,0  

HPP and HPSPP 7,0  7,6  8,4  8,0  8,4  9,4  9,6  10,2  

NPP 45,9  54,3  51,4  43,8  42,2  44,0  42,7  43,0  

                                                 
1
 In accordance with Law of Ukraine On energy industry Biomass is products that fully or 

partially consist of substances of vegetable origin that can be used as fuel to transform the energy 

they contain.  
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Renewables including: 0,0 0,0 0,1 0,1 0,1 1,2 5,3 6,5 

Small Hydro PP 0,0  0,0  0,0  0,0  0,0  0,6  1,2  1,7  

Solar 0,0  0,0  0,0  0,0  0,0  0,0  0,4  0,5  

Wind 0,0  0,0  0,1  0,1  0,1  0,6  3,7  4,0  

Biomass CHP 0,0  0,0  0,0  0,0  0,0  0,0  0,0  0,3  

* - in fact 

Source: authors’ calculations  

 

The following scenario assumptions were made: 

 Total hydropower potential of small rivers in Ukraine is 12.5 bln kWh 

annually; technically achievable potential is 8.5 bln kWh, and economically 

feasible potential is 3.75 bln kWh a year.  

 Total potential of solar energy in Ukraine is 718.4 bln MWh a year, 

technically achievable potential is 3.45 bln MWh, economically feasible potential 

is 5.38 718.4 bln MWh a year. However, given the high cost of electricity from 

solar energy, reaching 1 GW of capacity is expected. 

 Annual technical potential of wind energy is 30 bln kWh. Installed capacity 

of wind power plants will not exceed 5 GW by 2030. 

 Total potential of different types of biomass at CHP will be 130 bln MJ. 

As shown in Table 3, in accordance with an alternative development 

scenario, the share of renewables in electricity production, including small hydro 

power plants, will reach 6.5% by 2030 (compared to the baseline scenario 

renewables will provide 0.9%, and in accordance with the baseline scenario of the 

Strategy they will provide 0.5% of all electricity generated).  

Electricity produced from renewable energy sources can play a dual role – 

for instance, electricity from wind power or small hydro power plants can be 

successfully sold into the grid, while the use of electricity from biomass (through 

cogeneration) and solar energy is more appropriate to meet local needs in 

electricity, since creation of large electricity generating facilities on these types of 

energy is not always justified in terms of their technical and cost characteristics.  

 

Conclusion 

 

Amongst conventional energy technologies the most promising ones in 

terms of capital costs and electricity self-cost at the current fuel prices are clean 

coal and gas-turbine technologies, as well as the extension of nuclear power plants 

operation and energy efficiency measures. There is no reason to consider 

renewable energy sources in Ukraine as those able to replace a significant share of 

conventional energy sources in country’s electricity balance. But their share should 

be significant in the development of regional energy and improving use of local 

resources, as well as in the regional heat balances, as it will increase the efficiency 

and reliability of regional power supply. 
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