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Summary
Following the increasing fossil energy prices, the country of Belarus is struggling to pay the 
increased energy costs, but has opportunities to reduce the costs, in particular the import costs, by 
replacing current fossil fuel use with renewable energy and energy efficiency. Belarus has potentials 
for windpower and large unused potentials for solid biomass in the form of wood and straw, and 
land for energy plantations. Belarus also has potentials for biogas and solar energy. To all this 
should be added large potentials for energy efficiency, so Belarus could reduce energy consumption 
and at the same time become richer by investments in energy efficiency.

In Belarus decides to invest in energy efficiency and if it at the same time has an economic growth 
it can reduce primary energy consumption for heat and electricity 25% or more over the coming two 
decades. If it at the same time replace the current energy system with a system primarily based on 
renewable energy, the total energy costs will also go 25% down, but the import can be reduced from 
about 2.5 bill €/year today to 1 bill. €/year, including imports for investments in the new solutions. 

As energy prices can be expected to grow, the energy costs will also go up for Belarus. If the current 
system is continued and gas prices increase to a level following the current gas spot market in 
Europe, the import costs for Belarus heat and power demand is expected to increase to 3.3 bill. 
€/year from 2.4 bill €/year today, while for the renewable scenario the costs will be reduced to about 
1 bill €/year, in spite of the fuel price increases. Relative to the energy delivered, the import costs of 
the renewable system is estimated to be about 45% of the existing system  with the increased energy 
prices.

Relative to the proposed biomass solutions, coal for heating and electricity is found to be more 
expensive. Belarus has no indigenous coal resources and the international coal prices have increased 
considerably over the last years.

Nuclear power is found to be more considerably more expensive than the other alternatives 
analysed. This is mainly due to the high investment costs.

Background
The present electricity and heat supply of Belarus is mainly fuelled with natural gas, with almost 
equal power production at power only plants (condensing plants) and CHP plants. Also oil is used 
as fuel, with the remaining production from biomass and a small amount of domestic coal. The 
electric efficiencies are low, around 38% for power only plants and 23% for CHP plants (2008). 
compared with best available technologies about about 60% for power only plants.

1 International Network for Sustainable Energy - Europe, a network of 70 European NGOs working for energy 
efficiency and renewable energy, see www.inforse.org/europe
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Present energy balance of heat and power sector in Belarus:

Present heat and electricity system (2008)

Unit: PJ Oil Coal Gas Biomass
Hydro,sun, 
wind

Heat 
production

Power 
production Loss

District 
heating 9 4 117 20 0 125 -3 27 18.2%
Power
(Condens) 4 0 169 0 0 0 67 107 61.6%
CHP 8 1 253 3 0 134 55 76 28.6%
Total 21 5 539 22 0 259 118 210
Table 1: Energy input and output of heat and power plants. The table does not include electricity 
import (about 5% of supply) or network losses. Source: International Energy Agency.

Present and future Fuel Prices
Oil have fluctuated substantially in the recent past, and the future prices are uncertain. The present 
price is set to 115 US$/barrel, and an increase to 120 US$/barrel is expected. Less than 5% of the 
energy for Belarus heat and electricity comes from oil, so the fluctuations are not so important for 
this. 

Gas prices in the spot markets in Western Europe have followed the increases in oil prices, but 
Belarus gas supply is bought on direct contracts with Russia suppliers. 
As a current price is taken  210 US$/1000 m3, equal to 3.7  €/GJ.
As a future gas price is taken the current German spot market price subtracted the transit costs, as 
the gas will continue to be cheaper closer to the sources in Russia. The current (July 2011) gas spot 
price in German EEX market (www.eex.de) is 22 €/MWh equal to 348 US$/1000 m3 (assuming 11 
kWh/m3 gas). For future gas price is then used 298 US$/1000 m3, assuming that transit costs are 50 
US$ lower per 1000 m3 to Belarus than to Germany, equal to 5.2 €/GJ. 

IEA has predicted Western European gas prices to follow oil prices, and with increasing demand for 
gas in East Asia,this is indeed possible. If that was to happen, gas costs could double compared with 
the expected future costs. In January 2011 Russian Gazprom made an agreement with sale of gas as 
LNG to Japan, and China has every year increasing gas demand. We have not included such much 
higher gas prices in our calculations as there is much uncertainty about them and recent trends have 
been an increasing spread between oil prices and gas prices with gas prices kept low by the 
increasing supply of shale gas (in USA) and continued economic crisis in many gas consuming 
countries.

Coal prices used to be the lowest of all fuel prices, but world market coal prices, that must be the 
basis for future coal prices are already well above the cost of biomass energy in Belarus, as we have 
estimated them below. The costs of coal in ports of Rotterdam and Antwerp is currently 122 
US$/ton while they in 2008 reached 200 US$/ton. The present as well as the future price is set to 
122 US$/ton equal to 4.0 €/GJ in this paper.

Biomass price is taken from a quoted price of firewood of 100,000 BLR for a delivery of 8 m3, mid 
2008, which with current exchange rate is equal to 2 €/MWh
Biomass price is taken from a current price of wood for firewood from forests where the prise is 
about 10 US$/m3 on forest border, equal to 
Wood chip production is typically more expensive than firewood, but wood of lower quality can be 
used for wood chips, so the energy price difference between firewood and wood-chips should be 
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low for larger amounts.
Because of inflation and because it will be necessary to use more expensive biomass resources for 
larger scale use, the present biomass price is set to 4 €/MWh and the future price to 5 €/MWh equal 
to  1.1 €/GJ  and 1.3 €/GJ.

 The future biomass use is foreseen to include some planting of energy forests. The future biomass 
use is also expected to include some use of straw that has no market today and therefore might be 
cheaper.

This gives the following present and future energy fuel prices:

Oil price Coal price Gas price Biomass price
US$/barrel US$/1000 ton US$/1000 m3 €/GJ

Present 115 122 210 1.1
Future 120 122 298 1.3
Table 2: Present and future fuel prices

To compare the prices, they are all converted to €/GJ in the table below, using a €/US$ exchange 
rate of 1.44:

Oil price Coal price Gas price Biomass price
€/GJ €/GJ €/GJ €/GJ

Present 14.3 4,0 3.7 1.1
Future 1 15 4,0 5.2 1.3
Table 3:  Present and future fuel prices in €/GJ

Comparing Power Options for Belarus
Prices of different electricity supply options are compared with discount and interest rates of 6%. 
The data for new power plants are from Danish Energy Agency "Technology Data for Energy 
Plants", June 2010 (available from www.ens.dk), except for nuclear power, where costs are taken 
from the latest costs of the Finnish Olkiluoto nuclear power plant that is under construction. For 
existing gas power plants, efficiencies are taken from energy statistics while operating & 
maintenance costs (O&M) are own estimates, based on similar plants in Latvia. Operating hours are 
set to 5500 hour/year, except for windpower, where it is only 2000 hours/year. For CHP plants, heat 
are assumed to be sold at 10 €/MWh.
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Heat and Fuel Prices with Present Energy System
With the above fuel prices and energy plant costs, the "narrow" social costs of heat and electricity 
are calculated with the existing energy system. Narrow social costs do not include taxes or external 
costs such as environmental costs. In addition to the above mentioned power plants, O&M of 0.5 
€/GJ are included for existing heating stations.  Because no major investments is included, 
investment costs are set to 0 for the present energy system.

Total costs of 
power & heat

Fuel
mill.€

O&M
mill.€

Total 
mill. €

Specific 
costs €/GJ

With present 
fuel costs 2331 406 2737 7.3
With future fuel 
costs 3180 406 3586 9.5
Table 2 Total (narrow) social costs of electricity and heat supply with current and future energy 
prices. The specific costs are the costs divided by the total delivered energy, electricity + heat. 

Since the largest cost is the fuel cost that is mainly imported, most of the costs are requiring foreign 
capital. To calculate the import costs is estimated the following import fraction of each kind of 
expenses:

• Fossil fuels: 100%
• Biomass fuels: 10% (import for machinery etc. to harvest and transport fuel)
• O&M: 25%
• Investments: 50% (not included in analysis of current system)
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This gives the following import costs of Belarus power and heat supply

Import costs of 
power & heat

Fuel 
mill. €

O&M 
mill. €

Total 
mill. €

Specific 
costs €/GJ

With present 
fuel costs 2308 102 2410 6.4
With future fuel 
costs 3154 102 3256 8.6
Table 3. Import costs of power and heat supply with current and future energy prices.

Another issue not included in the narrow social costs is environmental costs. With the current 
system CO2 emissions are 32 mill. tons/year and the specific emissions are 87 kg/GJ of heat and 
electricity.

A Renewable Energy Alternative
INFORSE-Europe and others have proposed a sustainable energy system, replacing fossil fuel with 
energy efficiency and renewable energy. The system would include use of currently available wood 
and straw resources, including 5 mill ton of straw, plantation 400,000 ha of energy forests, biogas 
plants to produce 51 PJ of biogas and installation of 2000 MW of windpower. In addition is 
included energy efficiency to reduce current consumption with 25%, in spite of expected growth of 
GDP and energy services in the society This would give the following energy balance of heat and 
power plants, which could be realised in 15-20 years (the table is similar to table 1, but showing 
energy flows for the proposed alternative)

Sustainable Energy Vision, energy balance for electricity and heat supply

Unit: PJ Oil Coal Gas Biomass
Wind, 
hydro, sun

Heat 
production

Power 
production Loss

District 
heating 0.6 0 5 119 0 121 -3 8 =        6.1%
Heat pumps 37 -12 -25
Power - only 0.4 0 30 1 18 0 33 17 =       54.0%
CHP 2.0 0 33 138 0 68 80 26  =      15.0%
Total 3.0 0 69 258 18 225 79 26
Table 4: Energy energy input and output of heat and power plants with a future sustainable energy 
supply. No electricity net import or export of electricity is assumed over a year, but exchanges are 
assumed to continue to balance current supply and demands.

In table 4 is still some fossil fuel use, but it is proposed to continue the development and in the long 
run phase out all fossil fuels, in about 30 years from now.

If narrow social costs for heat and electricity is calculated for such a system, it gives reductions in 
energy costs as shown in the table below (heat pumps not included):

Fuel, mill 
€/year

Investment, 
mill €/year

O&M, mill 
€/year

Total, mill 
€/year

Specific 
costs, €/GJ

With present 
fuel costs 531 1067 490 2088 7.5
With present 
fuel costs 670 1067 490 2227 8.0
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Table 5: Total (narrow) social costs of electricity and heat supply of the proposed system with 
current and future energy prices. Heat pumps are not included, and the savings they give are not 
included either. Fro costs of biomass power plants are used combination of 42% large biomass CHP, 
21% wood-chip CHP medium and 37% biogas plants, all with data as shown in graph 1 and with no 
fuel costs for biogas. Investments and O&M costs are from current prices. It is expected that costs 
of renewable energy installations will be reduced in the future, but that is not included in this 
calculation. As above, the specific costs are the costs divided by the total delivered energy: 
electricity + heat. 

With this system much less import is needed than at present, as fuel costs are lower and also 
because most of the fuel is domestic biomass. With above assumptions of import parts of fuel 
O&M, and investments, the import costs are estimated in the table below.

Fuel mill 
€/year

Investment 
mill €/year O&M

Total  mill 
€/year

Specific 
costs  €/GJ

With present 
fuel prices 322 534 122 978 3.5
With future 
fuel prices 433 534 122 1090 3.9
Table 6: Import costs of electricity and heat supply of the proposed system with present and future 
fuel prices.

Looking at the environmental effects, the proposed system's CO2 emissions are only 4.2 mill. tons 
and the specific emissions are 15 kg/GJ of heat and electricity, reductions of respectively 87% and 
83%. This is the result of the proposed measures for the first 15-20 years, in the long run all fossil 
fuels should be phased out.

Economic Comparison
Comparing the economies of the two systems, the conclusion is that with present fuel prices the 
proposed system based on renewable energy is the cheapest, but that is because of the lower 
consumption due to the energy efficiency. Usually energy efficiency is cheaper than supply, so it 
can be expected that the proposed alternative is also the cheapest when energy efficiency costs are 
added. 

Comparing the specific costs of supply shows that with current energy prices the costs are similar 
for the existing system and the proposed system per delivered unit of energy (heat + electricity). 
This will, however, change with the future fuel prices, where the heat and electricity prices in the 
sustainable system are about 20% higher per delivered unit of energy than the continued use of the 
present system. 

Looking at the import costs, the proposed system is substantially cheaper in imports, both in total 
and per delivered unit of energy. Total import costs are 59% below current costs and per unit of 
energy the import costs are 45% below the import costs of the present system. With the future 
energy prices, the difference will be even larger with the proposed alternative being 66% cheaper in 
total and 55% cheaper per delivered unit of energy than the current system.

Comparing costs with the nuclear option that has energy costs of 92 €/MWh equal to 26 €/MWh, 
the nuclear option is about three times as expensive compared with the other options per delivered 
unit of energy. A nuclear power plant only delivers electricity while the existing and proposed 
systems also deliver heating. If the heating is assumed to be sold at a low price of 10 €/MWh (2.7 
€/GJ) as in figure 1, the power prices of the proposed system will be 14 €/GJ with present energy 
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prices, half of the nuclear option, and 15€/GJ with the future energy prices.

Next Steps
The logical next steps would be a large transition of the Belarus energy systems systems with 
increased energy efficiency and with renewable energy. The logical first steps are:

• Large programs for energy efficiency to reduce consumptions of heat and electricity
• Change gas heating in district heating to solid biomass, mainly wood and straw 
• Construction of biomass CHP plants
• Installation of the the most cost-effective windpower, in areas with good wind, where the 

operating hours are above 2000 per year.
• Development of energy forests and sustainable increases in use of forests for energy 
• Development of biogas plants, so the production of the plants can be done in Belarus at 

lower costs than the international prices used in this article.
• Discontinuing plans for nuclear power.

Sources
This paper is based on INFORSE-Europe's sustainable energy vision for Belarus, November 2008 
(available from www.inforse.org/europe), and power plant costs and data from “Technology Data  
for Electricity and Heat Generating Plants”2 with 27% increase for inflation of investment and 
O&M costs for the period 2002 - 2008.

2Report published by the Danish Energy Agency et.al. March 2005, ISBN: 87-7844-503-5 
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