
Comparing Renewable, fossil, and energy futures of Estonia in 2030
Gunnar Boye Olesen, INFORSE-Europe1, 4/11 2011 

Background
INFORSE-Europe and TAASEN in Estonia have developed a sceneario for a transition to 
renewable energy2. This paper supplements the scenario with calculation of the cost of the transition 
as it stands in 2030 with alternatives in the form of continued use of fossil fuel and with 
construction of a nuclear power plant instead of the investment in the renewable energy. The 
sustainable energy scenario also includes some fossil fuel use in 2030 as the transition to 100% 
renewable energy is expected to continue beyond 2030.

The three scenarios
The scenarios are all made based on the energy balance of the year 2030 from the sustainable 
energy scenario, where Estonia have invested in energy efficiency, electric equipment is largely 
replaced with efficient equipment following EUs new Ecodesign regulation, while construction 
have continued, making the building stock about 17% larger than it was in 2010. The common 
assumptions also include that more transport have been electrified and that cars have been more 
efficient, while the transport levels have increase slightly because of increased use of railways3. 

It is assumed that charging of the electric cars and a smaller part of the stationary electricity demand 
is made flexible in time via smartgrid solutions, so the power dispatcher can use this in his dispatch 
of power.This gives the heat and electricity demands, as well as fuel demands shown in Table 14.

2010 Sscenario 2030
Normal power 
consumption 9.0 7.1 TWh
Of this flexible 0.0 0.6 TWh
Electricity for transport 0.1 0.5 TWh
Total electricity 9.1 8.3* TWh

District heat demand 9.3 8.3 TWh

Biofuel for transport 0.0 0.1 TWh
Biomass for household & 
industry 4.0 7.7 TWh
Fossil fuel for transport 5.8 3.3 TWh
Fossil fuel for household 
& industry 9.1 0.9 TWh
* Not including heat pumps used in district heating in the renewable energy scenario

Table 1. Final energy demands in 2030 in the consumption scenario of the INFORSE-Europe  
TAASEN sustainable energy scenario, compared with energy consumption in 2010.

1 Read more about INFORSE-Europe at www.inforse.org/europe
2 The assumptions for this scenario are available at www.inforse.org/europe/VisionEST.htm
3 The detailed, common assumptions are explained in "Sustainable Energy Vision for Estonia - A proposal for a 

transition to 100% renewable energy for Estonia", www.inforse.org/europe/pdfs/Estonia-note.pdf, chapter 3 and 4
4 This power consumption are extracted from the energy balance 2010 and 2030 in the scenario for "Sustainable 

Energy Vision for Estonia", see www.inforse.org/europe/pdfs/Estonia-note.pdf, chapter 5. The values for 2010 are 
based in Estonian energy statistics for 2008-2009.
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For the it is also an assumption that Estonia continues to be well integrated with neighbouring 
countries. There are are also introduced certain stability criteria for the power system. These power 
system assumptions are given in table 2.

Interconnectors total capacity 2000 MW
International power price, annual 
average5

57 €/MWh

International price variations As Nordpool
International power market, price 
elasticity6

0.01 €/MWh pr. 
MW

Minimum grid stabilisation share 20.00%
Stabilisation share of small CHP7 50.00%
Stabilisation share of windpower8 25.00%
Minimum fuel power/CHP plant 
production9

100 MW

Table 2. Assumptions for the electricity network for the scenarios for 2030.

I all scenarios the use of hydro-power is expected to increase to 110 GWh from today around 30 
GWh, but this will only contribute to a small part of the Estonian power demand. 

Hydro-pump storages are not included. This was chosen because the optimisation of the system 
showed that it was not cost-effective to install hydro-pump storages in the proposed system with 
large interconnectors to neighbouring countries.

In the scenarios are used hourly variations of power demand and windpower from the Estonian 
power system operator Elering for 201010 while hourly variations for heat demand, solar input, and 
transport demands are taken from Danish data11. For the nuclear power plant is assumed constant 
production for 90% of the time and one stop during summer.

An interest rate of 6% is used. 

In the sustainable energy scenario the construction of windpower continues and additionally is 
included solar PV while the fossil fuel power plants are replaced with biomass-fired CHP 
(combined heat and power) plants. Additionally is installed heat pumps and heat storages in the 
district heating systems to better use the variating power supply.

5 The value used is the average for Finnish part of Nordpool, average for  2010. The price was lower in previous 
years.

6 The price elasticity is the variation of the international market price caused by Estonian power import/export. With 
the level chosen an export of 1000 MW will reduce the international market price with 10€/MWh and import of 
1000 MW will increase it with 10€/MWh.

7 This is the share of decentralised CHP plants that are included in power dispatch to ensure grid stability
8 This is the share of windpower capacity that is included in power dispatch to ensure grid stability
9 This is the minimum production of thermal power plants (nuclear not included) that must be operational for grid 

stability. 100 MW of minimum production equals 500 MW of capacity running at 20% load
10 Available online at http://elering.ee
11 Delivered with the EnergyPlan programme, available from www.energyplan.eu (require free registration)
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In the fossil scenario the windpower development is stopped at 800 MW capacity, no PV or large 
heat pumps for district heating are installed. Power plants are replaced with modern plants on oil-
shale and high-efficiency gas CHP (Combined cycle). CHP is not developed further, but in district 
heating without CHP the replacement of gas with biomass continues. 

In the nuclear scenario the existing large power plants are replaced with a nuclear power plant of 
1000 MW and a gas-fired back-up power plant also of 1000 MW.  The purpose of this gas-fired 
power plant is to provide back-up for the nuclear power plant. CHP plants. are replaced with 
modern high-efficiency gas CHP (Combined cycle). CHP is not developed further, but in district 
heating without CHP the replacement of gas with biomass continues. 

This gives the power capacities in 2030 for the different scenarios shown in table 3. This table 
include the operational capacities, in addition should be stand-by capacity available for possible 
break-down of power plants or power lines. 

Power capacities in 
2030 (in MW) Renewable scenario Fossil sceneario Nuclear scenario
CHP (bio) 1163 (gas) 400 (gas) 400
Fossil fuel power 
plants 0 (oil-shale) 1300 (gas) 1000
Nuclear power plant 0 0 1000
Windpower 1800 800 800
Solar PV 200 0 0
Hydro 31 31 31
Table 3: Power capacities in 2030 in the three scenarios, not including back-up for use in case of  
emergency situations. The back-up capacity is usually set to be at least  20% of thermal power  
capacity not include nuclear power.

Results of scenarios

The three scenarios are compared with use of  the EnergyPlan8.11 model, available from Aalborg 
University12. The model simulates a given year divided in hours and then summarises the results. 
For these scenarios are used economic optimisation of each of the three scenarios described above. 
The economic parameters are given in Annex 1. For fossil fuels are added a CO2-cost of 18 €/ton of 
CO2.

The results are shown in Table 1 and figure 1, 2., and 3. The nuclear electricity electricity 
production is converted to primary energy with a factor 3, the standard conversion figure for nuclear 
power, characterising the conversion inside the nuclear power plant from the nuclear steam to 
electricity.

12 Available from www.energyplan.eu
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Estonia: Primary energy, TWh/year 2010
Renewable
-2030

Fossil-
2030

Nuclear-
2030

Biomass 3,5 17,6 5,0 5,0
Wind, hydro, sun  0,4 4,3 1,9 1,9
Peat 0,4 0,0 0,0 0,0
Oil-shale, coal 29,3 0,0 4,7 1,5
Gas 4,1 0,0 4,8 5,3
Oil 1,3 0,0 0,0 0,0
Nuclear 0,0 0,0 0,0 23,8
Electricity import/export -0,9 -3,0 1,6 -4,6
Primary energy for electricity & district 
heating 37,9 18,9 18,1 32,8
Oil for transport 5,8 3,3 3,3 3,3
Other sectors, biomass 4,0 7,7 5,7 5,7
Other sectors, peat 0,2 0,0 0,0 0,0
Other sectors, shale & coal 9,3 0,3 0,3 0,3
Other sectors, gas 2,9 0,2 2,0 2,0
Other sectors, oil 6,7 0,4 0,4 0,4
Primary energy supply 66,8 30,8 29,8 44,6
Table 4: Primary energy demand in Estonia for the three scenarios for 2030, compared with  
estimations for 2010 based on statistical dat from 2008-2010

Figure 1: Primary energy demand for heat and electricity in Estonia for the three scenarios for  
2030, compared with estimations for 201013.

13 Estimations are those used in the energy balance 2010 in the scenario for "Sustainable Energy Vision for Estonia", 
based on Estonian energy statistics for 2008-2009, see www.inforse.org/europe/pdfs/Estonia-note.pdf. 
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Fig 2 Costs and emissions of the energy supply (fuel and energy system costs) in 2030 for the three  
scenarios. CO2-costs are included in calculation as a cost of 15 €/ton of CO2                    

Fig 3 Comparison of fuel cost, other costs (annual interest and annuity of invesments, operating & 
maintenance cost) and import/export costs of electricity. Fuel costs does not include nuclear fuel  
that is included in "Other costs". Negative values of import/export costs show net income from 
elecricity trade.
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Figure 2 and 3 show the Costs and emissions of Estonian power supply in 2030 in the three 
scenarios. In the renewable and nuclear there is a net income from electricity trade, while it is a 
small expense in the fossil scenario. The model optimises power sales, so exports preferably  takes 
place at periods with high Nordpool prices and imports as periods with low prices.

The conclusions from the analysis of the scenarios are that the primary energy consumption is 
similar in the renewable energy scenario and the fossil scenario, but higher in the nuclear scenario. 
The renewable sceario is more efficient that the fossil scenario, but with higher power exports there 
are higher energy system losses in the renewable scenario. The costs are the lowest in the renewable 
energy scenario and highest in the nuclear energy scenario. The costs for energy supply for 2030 are 
for the three scenarios:

Renewable energy: 1429 mill. €
Fossil fuel: 1461 mill. €
Nuclear: 1614 mill. €

The costs include annual costs including fuel, operating and maintenance, depreciation, and 
interests of investments and income/expnses from international electricity trade.

The results are of course a result of the assumptions used, and if for instance nuclear waste costs 
increases beyond expectations or a nuclear accident happens, this option will be much more 
expensive than what is calculated here.
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Annex 1 Costs assumptions for the analysis
Fuel costs 2030

Coal 5.9 €/GJ Today's price 122 $/ton = 3.4 €/GJ according to 
www.globalcoal.com14, 75% increase assumed until 
2030. The trends since year 2000 shows a large 
increase in coal prices, larger increase that estimated, 
but IEA excpect a slower increase than expected in this 
scenario15. 

Oil shale, domestic 4 €/GJ Estimated to be 66% of coal price
Oil (all products) 24 €/GJ Today's price 115 $/barrel = 16.4 €/GJ16,  50% increase 

assumed until 2030. The trends since year 2000 shows 
a large increase in oil prices, larger increase that 
estimated, but IEA excpect a slower increase than 
expected.

Natural gas 10.3 €/GJ Today's European gas price is about 6 €/GJ (the 
German EEX spot market was  22 €/GJ =6.1 €/GJ at 
22/7-1117). IEA expects an increase to 14.2 $/MBtu = 
9.4 €/GJ in 2030, which is a 55% increase, but still a 
slower increase/decade than actual increases since 
2000.

Biomass 4,2 €/GJ Danish forecast (Danish Energy Agency)  6.1 €/GJ in 
203018, but we expect that prices remain about 30% 
lower in Estonia. In neighbouring Belarus biomass 
prices are around 2 €/GJ, so the costs could be lower.

All prices are without general inflation, so the actual prices in nominal values will be higher.
As exchange rate between US$ and € is used the rate 1 € = 1,437 $
Above fuel costs does not include CO2 costs for fossil fuels that are set to 18 €/ton of CO2

CO2 costs are added to the fuel costs in the calulations

14 From European coal price at the ARA-index on www.globalcoal.com (ARA: Amsterdam, Rotterdam, Antwerpen)
15 See IEA World Energy Outlook
16 From www.oil-price.net, Brent index
17 From www.eex.com
18 Supplier prices from domestic prices for wood chips, "Forudsætninger for samfundsøkonomiske analyser på 

energiområdet. Danish Energy Agency,  April 201, available from www.ens.dk
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Costs of technologies used in the renewable energy scenarios

Production type Capacity Investment 
(Meur/unit)

Total 
Investment 
mill. €

Economic 
lifetime
(Years)

Fixed 
O& M
(% of inv.)

Variable 
O&M
(€/ MWh)

Solar Thermal in 
Distric Heating

0.2 
TWh/year

365 1 20 0.2 0

Small CHP units, 
biomass fuel

700 MW-e 2.478 1735 25 0,6 8,25

Heat pump district 
heating

110 MW-e 1.74 103 20 10.15

Heat Storage CHP 43 GWh 1.33 57 30 1,4 0
Large CHP units, 
biomass fuel

463 MW-e 1.859 861 25 0 8,25

Boilers for district 
heating, biomass 
fuel

410 MW-th 0.5 205 20 4,7 0

Wind 1800 MW-
e

01-01-25 1980 20 3,3 0

PV 200 MW-e 2.175 435 25 0.84 0
Hydro Power 31 MW-e 2 62 40 11 10
Indv. Boilers, 
biomass fuel

1582 MW-
th

1.5 3972 20 0.6 0

The costs and lifetimes are from Danish Energy Agency for the first 7 technologies19

For hydro power is used estimates from INFORSE-Europe guidelines20

For individual boilers is used own estimate based on typical costs of boilers21: 

Costs of technologies used in the nuclear scenario

Production type Capacity Investment 
(Mill. 
€/unit)

Total 
Investment 
(Million €)

Economic 
Lifetime
(Years)

Fixed 
O&M
( % of 
inv.)

Variable 
O&M
(€/MWh)

Small CHP units, 
biomass fuel

1 MW-e 2.478 2 25 1,4 4,2

Large CHP units, 
gas fuel

400 MW-e 0.47 188 25 0 4,2

Boilers for district 
heating, biomass 
fuel

110 MW-th 0.5 55 20 4,7 0

Power plants (gas 
fuel, not CHP)

1000Mw-e 0.47 470 25 0 4,2

Wind 800 MW-e 1,25 1000 20 3,3 0

19 Technology Data for Energy Plants, Danish Energy Agency, June 2010, available from www.ens.dk. The costs are in 
general expected costs for 2020

20From guidelines for energy strategies, available from INFORSE-Europe at www.inforse.org/europe/Vision2050.htm
21 THe estimate of 1.5 mill. €/MW equals  1, 500 €/kW = 21,000 € for 14 kW system, including storage, and automatic 

feeding and auxilliary installations.. This is normal for Danish small systems for wood chips
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Hydro Power 31 MW-e 2 62 40 1 10
Nuclear 1000 MW-e 4.94 4940 40 4.4 0
Indv. Boilers, 
biomass fuel

1582 MW-
th

1.5 2782 20 0.6 0

The costs and lifetimes are from Danish Energy Agency for the first 5 technologies22

For hydro power is used estimates from INFORSE-Europe guidelines23

Estimations of nuclear costs are given on the following pages
For individual boilers is used own estimate based on typical costs of boilers24: 

Cost of Technologies used in the fossil scenario

Production type Capacity Investment 
(Mill. 
€/unit)

Total 
Investment 
(Million €)

Economic 
Lifetime
(Years)

 Fixed O& M 
( % of inv.)

Variable 
O&M
(€/MWh)

Small CHP 
units, biomass 
fuel

1 MW-e 2.478 2 25 1,4 4,2

Large CHP 
units, gas fuel

400 MW-e 0.47 200 25 0 4,2

Boilers for 
district heating, 
biomass fuel

110 MW-th 0.5 55 20 4,7 0

Large Power 
plants, coal etc.

1000Mw-e 1.4 1400 25 0 7

Wind 800 MW-e 1,25 1000 20 3 0
Hydropower 
Power

31 MW-e 2 62 40 11 10

Indv. Boilers, 
biomass fuel

1582 MW-
th

1.5 3969 20 0.6 0

The costs and lifetimes are from Danish Energy Agency for the first 5 technologies25

For hydro power is used estimates from INFORSE-Europe guidelines26

For individual boilers is used own estimate based on typical costs of boilers27: 

The capacity and use of of hydropower and individual boilers are the same for all scenarios, so the 
data for these two sources are not importent for comparing the costs of the three scenarios.

22 Technology Data for Energy Plants, Danish Energy Agency, as note 20
23From guidelines for energy strategies, available from INFORSE-Europe at www.inforse.org/europe/Vision2050.htm
24 THe estimate of 1.5 mill. €/MW equals  1, 500 €/kW = 21,000 € for 14 kW system, including storage, and automatic 

feeding and auxilliary installations.. This is normal for Danish small systems for wood chips
25 Technology Data for Energy Plants, Danish Energy Agency, as note 20
26From guidelines for energy strategies, available from INFORSE-Europe at www.inforse.org/europe/Vision2050.htm
27 THe estimate of 1.5 mill. €/MW equals  1, 500 €/kW = 21,000 € for 14 kW system, including storage, and automatic 

feeding and auxilliary installations.. This is normal for Danish small systems for wood chips
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Calculation of costs of nuclear power
For the nuclear power plant is used the following data:

Investment: 4.87 mill. €/MW at start of operation. 
This is estimated from the current Finnish Olkiluoto plant under construction with the following 
data:
Estimated construction costs 5.8 bill. €, price update 2009
Estimated further cost overrun 10 % = 0.58 bill €, given the large overruns already made
Interest rate during construction, 6%/p.a., 0.93 bill € 
(5 years construction period, assumed equal investment each year)
Decommissioning, 1 bill. € 40 years ahead  0.59 bill. €, discounted with 5%/year
Total fixed costs at start of operation                7.90 bill.€ for 1600 MW plan  
Investment per MW 4.94 mill. €/MW

All operations costs:  4.4% per year of investment costs. This is estimated in the following way:
Operating and maintanance costs 0.11 €/kWh, Technical University of Lappeenranta
Fuel and waste costs 0.16€/kWh, according to Wise Uranium Calculator, 

at price of Uranium 100  $/pound
Total operations costs                                    0.27 €/kWh = 345 mill € per year at 90% cap.factor 
equal to 4.4% of investment

Economic lifetime: 40 years
While nuclear promoters sometimes claim higher lifetime, the lifetime used is following general 
engineering practices used for energy installations, assuming that at the end of the economic 
lifetime, further operation can only be achieved at the expense of considerable increases in 
operating and maintanance costs, and/or substantially reduced safety levels.

Size: 1000 MW.
 This is the size of the current proposal for a nuclear power plant in Estonia.

Capacity Factor: 90%
This is taken as a typical factor for well- working nuclear power plants. It is included in the hourly 
model as one summer stop for repair and refuelling.
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