
 1 

 
 
 

Project No 518294 SES6 
CASES 

Cost Assessment of Sustainable Energy Systems 
 
 
 
Instrument: Co-ordination Action 
 
Thematic Priority: Sustainable Energy Systems 

 
 
 
 

D.6.1 
 [WP6 report] 

 
 

Due date of deliverable: 31st December 2007 
Actual submission date: 6th February 2008 

 
 
Start date of project: 1st April 2006 
 
Duration: 30 months 
 
 
 
Organisation name of lead contractor for this deliverable: 

FEEM – Fondazione ENI Enrico Mattei 
 

Revision: Anil Markandya 
 
 

Project co-funded by the European Commission within the Sixth Framework Programme (2002-2006) 
Dissemination level 

PU Public X 
PP Restricted to other programme participants (including the Commission Services)  
RE Restricted to a group specified by the consortium (including the Commission Services)  
CO Confidential, only for members of the consortium  (including the Commission Services)  

 



 

Development of a set of full cost estimates of the use of 
different energy sources and its comparative assessment in EU 
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This report on full cost of electricity generation in EU is divided in two 
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Part one provides a literature review on methodology and results on 
private and external cost calculation. The literature review assesses 
costs of electricity generation for each EU-25 country, plus Romania and 
Norway. For some countries a brief overview of electricity production in 
the country and a foreseen on electricity production evolution until 2030 
introduces the cost assessment. 
 
Part two provides new estimates on full costs of electricity generation in 
Europe. Results are obtained by summing external costs due to impacts 
on human health, environment, crops and materials and to climate 
change impacts, to private generation costs. Results are provided for 
present (period 2005-2010), 2020 and 2030. In this report, a wide set of 
technologies is analysed, including nuclear and fossil fired power plants, 
renewables and combined heat and power plants. 
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Introduction 
 
This document provides a literature review on methodology and results on private and 

external costs calculation. The literature review is assessed for each EU-25 country1 plus Romania 
and Norway. For some countries the costs assessment is introduced by a brief overview of 
electricity production in the country and a foreseen on electricity production evolution until 2030. 

This review of literatures is part of the report on “Development of a set of full cost 
estimates of the use of different energy sources and its comparative assessment in EU countries”. 
The report is developed for the EU funded project “Cost Assessment for Sustainable Energy 
Market – CASES”. 

This document introduces the presentation and assessment of new estimates on full 
costs, which are composed by European average private costs, country specific external costs of 
air pollutants and European average external cost of other pollutants, including costs of climate 
change. 

 

1 Literature review on private and external costs for Nordic 
countries 

1.1 Denmark 
 

1.1.1 Overview of electricity production in the country 
The energy mix in Denmark for 2004 is presented in Table 1.1—1. As is shown in the 

table the total gross power production amounts to 40.49 TWh. The data source is the Danish 
Energy Agency. 

 
 kWh per cap TWh Share of gross 
Hydro power 1228,00 6,63 16,38% 
Nuclear power 0,00 0,00 0,00% 
Fossil-fired power 5613,00 30,31 74,86% 
Biofuel and waste 657,00 3,55 8,76% 
Total gross power production 7498,00 40,49   
Import-Export -519,00 -2,80   
       
Total electricity use 6980,00 37,69   

Table 1.1—1 Energy mix in Denmark. 

 
1.1.2 Principal literature and results 

 
External costs 
Table 1.1—2 summarizes external costs for electricity production in Denmark. Costs are 

estimated by ExternE, the technologies analysed are coal and lignite, gas, biomass and wind. 
 

                                                 
1 Bulgaria is excluded from the national assessment since it is examined by the CASES project in the set of 
selected non EU countries, in the WP7 report “National reports on private and social costs” D.7.1 CASES 
Deliverable. 
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 Coal&Lignite Gas Biomass Wind 
Euro 
Cents per 
kWh 

4-7 2-3 1 0.1 

Table 1.1—2 External costs for electricity production in Euro Cents per kWh in Denmark 

1.2 Sweden 
 

1.2.1 Overview of electricity production in the country 
 The energy mix in Sweden for 2004 is presented in Table 1.2—1. As the table shows, 

the total gross power production amounts to 152 TWh; the gross power production is mainly 
produced by nuclear and Hydro. The data source is the Swedish Energy Agency. 

 
 kWh per cap TWh Share of gross 
Hydro power 6789,00 61,17 40,22% 
Nuclear power 8620,00 77,67 51,07% 
Fossil-fired power 580,00 5,23 3,44% 
Biofuel and waste 890,00 8,02 5,27% 
Total gross power production 16878,00 152,07   
Import-Export -245,00 -2,21   
       
Total electricity use 16633,00 149,86   

Table 1.2—1 Energy mix in Sweden. 

  
1.2.2 Principal literature and results 

  
External costs 
Table 1.2—2 summarizes external costs for electricity production in Sweden. Costs are 

estimated by ExternE for coal and lignite, biomass and hydro. The cost is reported from the 
ExternE national implementation aggregate for nuclear. 
 

 Coal&Lignite Nuclear Biomass Hydro 
Euro 
Cents per 
kWh 

2-4 0.00027 0.3 0-0.07 

Table 1.2—2 External costs for electricity production in Euro Cents per kWh 

    

1.3 Finland 
 

1.3.1 Overview of electricity production in the country 
 The energy mix in Finland for 2004 is presented in Table 1.3—1. As the table shows, 

the total gross power production amounts to 85.65 TWh. The principal national technology is fossil-
fired, followed by nuclear. Data are provided by SEI – Stockholm Environment Institute. 
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 kWh per cap TWh Share of gross 
Hydro power 2954,00 15,42 18,00% 
Nuclear power 4344,00 22,68 26,47% 
Fossil-fired power 7061,00 36,86 43,03% 
Biofuel and waste 2050,00 10,70 12,49% 
Total gross power production 16409,00 85,65   
Import-Export 937,00 4,89   
       
Total electricity use 17346,00 90,55   

Table 1.3—1 Energy mix in Finland. 

    
1.3.2 Principal literature and results 

 
External costs 
Table 1.3—2 summarizes external costs for electricity production in Finland. Costs are 

estimated by ExternE, the technologies analysed are coal and lignite, peat and biomass. No data 
are available for nuclear. 
 

 Coal&Lignite Peat Nuclear Biomass 
Euro 
Cents per 
kWh 

2-4 2-5 no data 1 

Table 1.3—2 External costs for electricity production in Euro Cents per kWh 

 

1.4 Norway 
1.4.1 Overview of electricity production in the country 

  
The energy mix in Norway for 2004 is presented in Table 1.4—1. As is shown in the 

table the total gross power production amounts to 110 TWh. Almast all national power is produced 
by hydroelectric power plants. Data are provided by SEI – Stockholm Environment Institute. 

 
 kWh per cap TWh Share of gross 
Hydro power 23893,00 109,43 99,16% 
Nuclear power 0,00 0,00 0,00% 
Fossil-fired power 105,00 0,48 0,44% 
Biofuel and waste 98,00 0,45 0,41% 
Total gross power production 24096,00 110,36   
Import-Export 2505,00 11,47   
       
Total electricity use 26601,00 121,83   

Table 1.4—1 Energy mix in Norway. 
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1.4.2 Principal literature and results 
  
External costs 
Table 1.4—2 summarizes external costs for electricity production in Denmark. Costs are 

estimated by ExternE, the technologies analysed are coal and lignite, gas, biomass and wind. 
 

 Gas Biomass Hydro Wind 
Euro 
Cents per 
kWh 

1-2 0.2 0.2 0-0.25 

Table 1.4—2 External costs for electricity production in Euro Cents per kWh 

 

2 Literature review on private and external costs for Benelux 
 

2.1 Belgium (VITO) 
 

2.1.1 Overview of electricity production in the country 
As reported in “Energy policies of IEA countries, Belgium, 2005 review”, in the last 

thirty years, the most prominent trends in Belgium’s electricity generation profile have been the 
tremendous growth in electricity production and the concurrent growth in nuclear electricity. 
Between 1974 and 2004, total generation has more than doubled, growing at an average annual 
rate of 2.4%. Whereas in 1974 nuclear power provided almost none of Belgium’s electricity, it now 
accounts for the lion’s share – over 55%.  More recently, over the past ten years the most 
prominent trend has been the growth in the use of natural gas for electricity generation, largely 
displacing coal. Gas-fired generation has tripled in a decade; its share of total generation has 
grown from 12% in 1994 to nearly 30% in 2004. In contrast, electricity generated from coal has 
fallen by nearly 50% over the same period. Coal-fired generation made up 27% of total generation 
in 1994 and made up only 12% in 2004. Long-term projections indicate that as nuclear power is 
phased out over the next decades, gas-fired generation will replace most of the lost generation 
until 2020. After 2020, it is expected that, along with gas, coal-fired generation will also fire a large 
share of overall generation. 
 

In 2004, total generation capacity in Belgium was 15 700 MW, a 2% increase over 2003. 
Nuclear accounts for 37% of this installed capacity. Coal, natural gas and pumped storage hydro 
make up the majority of remaining capacity. Renewables – principally wind and biomass – provide 
a very limited share of the installed capacity base.  Total generation has grown 2% between 1998 
and 2003, rising from 82 000 GWh to 83 400. While nuclear generation’s share of total generation 
has held steady at about 55% over the last five years, natural gas-fired generation has risen by 
44%. Over the same period, coal-fired generation has fallen by over 30% and oil-fired generation 
has dropped by over 60%. Generation from solar and wind has risen eight-fold in five years, but 
still provides less than 1% of total generation. 
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Figure 2.1—1 Electricity Generation by Source, 1973 to 20302 

 
Cross-border exchanges are a significant part of overall electricity transmission in 

Belgium, accounting for 21 500 GWh in 2004. This represents 24.6% of Belgian electricity demand, 
significantly higher than the EU average. Figure 2.1—2 shows imports and exports for 2004.  
 
 

                                                 
2  * negligible. Sources: Energy Balances of OECD Countries, IEA/OECD Paris, 2005, and country 
submission.  
 * includes commercial, public service and agricultural sectors.  Sources: Energy Balances of OECD 
Countries, IEA/OECD Paris, 2005, and country submission. 
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Figure 2.1—2 Cross-Border Electricity Exchange with France, the Netherlands and Luxembourg, 2004. Source: 

Elia. 

 
While the retail market has been deregulated, opening it up to new suppliers, Electrabel 

remains the dominant supplier. Suez has owned 50.1% of Electrabel since 1999. In November 
2005, Suez increased its stake to over 97% of the company. In 2003, Electrabel owned about 85% 
of Belgium’s installed base of about 15 000 MW. A break-down of Electrabel’s generation facilities 
are provided in Figure 2.1—3. 

Total Electrabel capacity = 12 976 MW

Nuclear, 5,159, 
39.8%

Conventional 
thermal, 3,964, 

30.5%

CCGT, 1,655, 12.8%

Hydro, 1,329, 10.2%
CHP, 827, 6.4%

Wind, 42, 0.3%

 
Figure 2.1—3 Electrabel’s Generation Capacity by Source, 2004. Source: Annual Report 2004, Electrabel. 
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2.1.2 Evolution of electricity production during the next 25 years 

 
The first report, which is summarised in this paragraph to show the perspective of the 

electricity market in Belgium, is "Post Kyoto Options for Belgium 2012-2050"3. The objective of 
this report is to examine possible post-Kyoto options for Belgium. The general objective of this 
analysis is to evaluate for Belgium possible paths for its contribution to the EU 20% reduction 
target for GHG emissions.  

The analysis presented in the report is done with the MARKAL/TIMES model, a partial 
equilibrium model for the energy system. MARKAL/TIMES is a technico-economic model, which 
assembles in a simple but economic consistent way technological information (conversion-
efficiency, investment- and variable costs, emissions, etc.) for the entire energy system. It can 
represent all the energy demand and supply activities and technologies for a country over a 
horizon of 40/80 years, with their associated emissions and the damages generated by these 
emissions.  
 General assumptions 

The macroeconomic background for Belgium was derived with GEM-E3, a general 
equilibrium model for the EU countries. It gives the general growth assumption used for deriving 
the energy service demands in the reference scenario. The demands are obtained based on 
assumptions on the elasticity of the sectoral demand with respect to the macroeconomic and 
sectoral evolution.  

The international energy prices are those derived in July 2007 with the POLES World 
energy model by IPTS, a research centre of the European Commission. After the sharp increase in 
2005, the oil prices are returning to lower prices before gradually increasing after 2010, gas prices 
are evolving in parallel. The growth assumption for Belgium remains around 2% a year till 2020, 
slowing down thereafter to an average of 1.5% mainly driven by the population evolution. The 
share of the energy intensive sectors is gradually decreasing in favour of the service sectors. 

 
  Unit 2000 2005 2010 2020 2030 
Demographic/Economic Development         
Population %/y  0.4% 0.2% 0.2% 0.2% 
GDP %/y  1.4% 2.2% 1.9% 1.7% 
Private Consumption %/y  1.4% 1.9% 1.6% 1.6% 
Industrial activity  
(energy intensive) %/y  0.9% 2.4% 2.0% 1.6% 

Other industrial activity %/y  1.3% 2.2% 1.8% 1.4% 
Transport activity %/y  0.9% 2.2% 2.0% 1.5% 
Service sector activity %/y  1.5% 2.0% 2.0% 1.9% 
World Energy prices            
Import price crude oil EUR2000/GJ 4.48 7.23 7.06 8.25 9.54 
Import price natural gas EUR2000/GJ 2.36 3.41 3.77 5.58 6.88 
Import price coal EUR2000/GJ 1.20 1.55 1.78 2.09 2.39 

Table 2.1—1: Macroeconomic Assumptions for Belgium and international energy prices 
 

The availabilities of the different renewables used in the model are those proposed by J. 
De Ruyck (2006) for the ‘Commissie Energie 2030’. For biomass, it is assumed that 10% of the 
                                                 
3 Published by KUL and VITO October 2007. http://www.belspo.be/belspo/home/publ/rappCPen_nl.stm 
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arable land in Belgium can be used for the production of biocrops, such as wheat or rapeseed and 
30% of the forest for the production of wood. Both types of biomass are also available from 
imports. A limit is imposed on their imports though Belgium as a small country could benefit from 
an unlimited supply. Moreover, the supply is assumed to be available at an increasing cost by 
considering two price steps to reflect the pressure of demand when a climate policy would be 
applied in the whole EU. The data related to the wind technologies and the potentials were also 
checked with Palmers G. et al., 2004 and Devriendt N. et al., 2005. 

The table hereafter summarizes the potentials assumed for the different sources.  
 

  Domestic Import 
Biomass (PJ) Woodresidue 10.8  
 Wood 22.7 25-83 
 Biocrops (wheat & rapeseed) 16.5 25-83 for each crop 
Wind (GW) Onshore cat1 0.63  
 Onshore cat2 0.92  
 Onshore cat3 0.47  
 Offshore cat1 0.60  
 Offshore cat2 0.30  
 Offshore cat3 1.80  
Solar (GW, GWth) PV 10  
 Hot water 3  

Table 2.1—2: Potential for energy sources 
 

Carbon capture and storage could be an important option when a high reduction target is 
imposed. Geological disposal in deep aquifers and coal sinks is modelled for the storage of the 
removed CO2. A maximum cumulative potential of 100 Mt at a distance less than 20km and of 
1000 Mt at higher cost is considered. This potential is present in Belgium (Laenen B. et al., 2004). 
The 100 Mt can be performed with high certainty in Belgium; 1000 Mt is uncertain (although, if not 
in Belgium, this could represent foreign sinks). 

In all scenarios, the discount rate is fixed to 4%, reflecting the public sector approach in 
the policy evaluation with TIMES.  

The reference scenario 
In the reference scenario, no profound changes regarding the Belgian economic, energy 

and environmental policies are assumed. The nuclear phase-out is implemented. No climate policy 
and thus no Kyoto policy is assumed.  

Given the demand for energy services, MARKAL/TIMES optimizes the choice of energy 
processes, the energy efficiency, the choice of fuel by the energy users as well as the choice of 
energy production processes by the energy sector. The choice is based on the information on the 
present and future availability of energy technologies, their costs and performance at the level of 
the energy user and at the level of the energy producer.  
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 2005 2010 2020 2030 
by Energy Carrier     
Coal 335 348 383 424 
Petroleum products 572 510 463 500 
Gas 377 432 440 404 
Electricity 277 287 306 329 
Bio 17 16 27 26 
Waste 7 7 8 9 
Others (Hydrogen) 0 0 0 4 
Total 1584 1600 1627 1696 

Table 2.1—3: Final Energy Consumption in the reference scenario (PJ) 

 
After the nuclear phase-out, coal becomes the dominant fuel for electricity generation, in 

the absence of any carbon constraint. There is no further penetration of cogeneration in this 
scenario.  

 
 2005 2010 2020 2030 
Coal 17.5 13.6 48.9 92.6 
Oil 0.0 0.0 0.0 0.0 
Gas 10.4 16.8 0.1 0.0 
Nuclear 46.9 46.9 32.4 0.0 
Hydro 0.7 0.7 0.7 0.7 
Wind 0.0 0.0 1.5 1.5 
Solar photovoltaic  0.0 0.0 0.0 0.0 
Others 1.2 1.9 2.1 2.3 
Total 76.7 80.0 85.7 97.1 
of which CHP 4.0 4.4 4.9 6.0 

Table 2.1—4: Net electricity generation in the reference scenario (abs. in TWh and % share) 
 
 The CO2 reduction scenarios 

Two CO2 reduction targets were evaluated with TIMES, implying for 2030 a reduction of 
15% and 22.5% each time compared to the 1990 emissions. Though the second scenario imposes 
a very high reduction target, it is in the range of reduction targets allowing to reach a 450ppm 
concentration if there is international cooperation and satisfies the -20% target of the European 
Commission for 2020. 

The Belgian Kyoto target and the nuclear phase-out are imposed in both scenarios. Only 
CO2 emissions are considered as the other GHG are not yet modelled and the energy system is 
only responsible for a small part of the other GHG.  

 
 2010 2020 2030 
KYOTO+ -7.5% -11.3% -15.0% 
KYOTO++ -7.5% -20.0% -30.0% 

Table 2.1—5: CO2 Targets in the scenarios (emission reduction versus 1990 level) 
 

For the most stringent reduction scenario, 3 possible variations are also assessed. The 
possibility of using some of the flexibility mechanisms foreseen in the Kyoto protocol is considered 
in a third scenario associated with the most stringent reduction target. It is assumed that a quarter 
of the reduction target can be achieved by buying permits abroad. The price of the permits was 
derived from simulations with the GEM-E3 World general equilibrium model for the European 
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Commission4.  As the nuclear option is under discussion, a fourth scenario as a variant for the 
more stringent CO2 reduction is considered where the nuclear option is allowed up to the existing 
capacity plus an additional 1700GW. The importance of carbon capture is evaluated in a fifth 
scenario in which this option is not available. 

Climate policy measures such as EU permit system or the promotion of less carbon 
intensive technologies already in place are not considered explicitly in these scenarios. They might 
be reflected in the shift in technologies appearing in the policy simulations in time periods before an 
explicit climate constraint is imposed induced by the expected carbon constraint because of the 
perfect foresight characteristic of the model. 

The scenarios considered are thus: 
1. CO2step1-BE:   -15% in 2030 
2. CO2step2-BE:   -20% in 2020, -30% in 2030 
3. CO2step2perbuy-BE:  -20% in 2020, -30% in 2030  

with buying permits abroad for 1/4th of the reduction target 
4. CO2step2withnuclear-BE:  -20% in 2020, -30% in 2030 with nuclear 
5. CO2step2nostorage-BE:  -20% in 2020, -30% in 2030 without carbon storage 

The non availability of carbon storage induces a sharp increase in the marginal 
abatement cost of CO2 because very expensive technologies have to be adopted at the margin. 
Allowing nuclear, though reducing the total cost, has only a small effect on the marginal abatement 
cost because the technologies adopted at the margin do not change much. The price of electricity 
is determined by the marginal technology in the electricity sector and this does not change. 

Electricity generation and technological options 
The impact of the carbon constraint is twofold: the electricity demand decreases and gas 

replaces coal.  The electricity demand decreases less in the most stringent case because options 
using electricity in the demand sectors are cheaper to reduce the CO2 emissions (e.g. heat pumps 
for heating). The carbon sequestration is linked to gas power plants. The cost of sequestration per 
ton of CO2 is lower when linked to a coal power plant, but the final cost per kWh (including the 
penalization of CO2 and the sequestration cost) is lower with gas power plants and this is the 
relevant variable for the choice of the sequestration option. This result depends however on the 
relative cost of gas. If the increased demand of gas due to climate policy in many countries leads to 
an increase of the international gas price, this relative advantage of carbon sequestration 
associated with gas may be reduced.  

The contribution of CHP is increasing slightly when the carbon constraint is not too 
stringent but not anymore with the more stringent case. Wind energy is penetrating in all scenarios. 
The share of renewables in electricity generation reaches 17% in 2020 in the most stringent 
scenario.  
 
 CO2step1-BE CO2step2-BE CO2step2 

perbuy-BE 
CO2step2 

withnuclear-BE 
CO2step2 

nostorage-BE 
 2010 2030 2010 2030 2010 2030 2010 2030 2010 2030 
Coal -9.4 -87.1 -8.8 -9.1 -9.1 -87.8 -8.9 -87.8 -9.6 -87.8 
Oil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gas -2.2 66.0 -2.2 -2.2 -2.2 66.6 -2.1 11.5 0.1 44.0 
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 57.9 0.0 0.0 
Hydro 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

                                                 
4 European Commission’s Communication of January 2007 “Limiting Global Climate Change to 2 degrees 
Celsius – The way ahead for 2020 and beyond” 
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Wind 1.5 4.4 1.5 1.5 1.5 4.4 1.5 4.4 1.5 14.1 
Photovoltaic 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.0 
Others 5.9 8.7 5.7 5.9 5.9 9.1 5.7 8.6 4.4 8.0 
Total -4.1 -8.0 -3.8 -3.9 -3.9 -7.7 -3.8 -5.4 -3.6 -12.6 
of which CHP 5.9 5.8 5.4 5.9 5.9 5.6 5.6 5.0 4.5 4.5 

Table 2.1—6: Net Electricity generation (abs. differences compared to reference in TWh) 
 

When nuclear is allowed, it becomes the dominant fuel for electricity generation but it 
has no impact on the total demand for electricity as the marginal cost of electricity production does 
not change. The non availability of carbon storage increases the marginal cost of electricity 
dramatically and therefore induces a sharp decrease in electricity demand. 

The relative position of the different electricity generation technologies are reflected in 
the table hereafter, where the increase in total system cost relative to the technology investment 
cost is given. 
 

 CO2step2- 
BE 

CO2step2 
withnuclear-BE 

CO2step2 
nostorage-BE 

 2020 2030 2020 2030 2020 2030 
[EPLT: Comb Cyc.GAS.New] 22% 27% 21% 27% 0% 0% 
[EPLT: Comb Cyc CO2Seq.GAS.New] 0% 0% 0% 0% 75% 61% 
[EPLT: Fuel Cell.GAS.New] 137% 124% 138% 123% 124% 0% 
[EPLT: Fuel Cell.HH2.New] 163% 114% 163% 114% 171% 81% 
 [EPLT: IGCC.COH.New] 115% 100% 114% 100% 116% 100% 
[EPLT: IGCC.CO2Seq.COH.New] 65% 74% 58% 71% 115% 106% 
[EPLT: IGCC.WOO.New] 109% 129% 105% 128% 140% 103% 
[EPLT: IGCC CO2Seq.WOO.New] 45% 20% 46% 24% 128% 122% 
[EPLT: PV Plant Size.SOL.New] 78% 48% 79% 49% 0% 0% 
[EPLT: PV Roof panel.SOL.New] 92% 73% 93% 74% 36% 5% 
[EPLT: SC.Steam.Turb.COH.New] 103% 89% 103% 89% 109% 89% 
[EPLT: SC.Steam.Turb.CO2seq.COH.New] 93% 92% 86% 91% 111% 99% 
[EPLT: Steam.Turb.WOO.HT.New] 133% 120% 133% 120% 139% 120% 
[EPLT: Wind Offshore 1.Close] 0% 0% 0% 0% 0% 0% 
[EPLT: Wind Offshore 2.Medium] 1% 0% 3% 0% 0% 0% 
[EPLT: Wind Offshore 3.Far] 23% 4% 25% 5% 0% 4% 
[EPLT: Wind Onshore 1.High] 29% 0% 29% 0% 0% 0% 
[EPLT: Wind Onshore 2.Medium] 15% 0% 15% 0% 13% 0% 
[EPLT: Wind Onshore 3.Low] 27% 12% 29% 12% 8% 0% 

Table 2.1—7: Change needed in investment cost for the penetration of the technology (in %) 
 

Wind energy and power plants with carbon sequestration, when allowed, are the more 
interesting technologies. Fuel cell technologies on gas and solar roof technologies are considered 
when no carbon storage is available. CHPs on wood are also becoming more interesting with high 
carbon constraint. 

Conclusion 
Renewables such as wood and wind on shore are penetrating rapidly. While their share 

in the electricity production is between 15% and 20%, it attains only 5% in total primary energy. 
Therefore, the cost efficient contribution of Belgium to the EU 20% renewable target for 2020, at 
least regarding the climate change objective, is far below 20%.  
 



 

CASES – COSTS ASSESSMENT FOR SUSTAINABLE ENERGY MARKETS 

PROJECT NO 518294 SES6 

DELIVERABLE NO. D.6.1 

 

 16 

The second report, which is summarised in this paragraph to show the perspective of the 
electricity market in Belgium, is " Long term energy and emissions’ projections for Belgium 
with the PRIMES model, "5 

In the Royal Decree de dato December 6, 2005 (published in the Belgian Official 
Journal1 of December 19, 2005) the installation of a Commission Energy 2030 was officialised: the 
Commission is made up of a number of Belgian and foreign experts who will carefully scrutinize the 
energy future of Belgium on a long term horizon (2030). In order to fulfil this task, it was decided to 
start from a quantitative, scientific base. Because of the long expertise in modelling and analysing 
of long term energy projections, the Federal Planning Bureau (FPB) was asked to take up the task 
of providing the Commission with the necessary input. This input will subsequently be studied by 
the Commission, as well as complemented with analyses and other activities executed in its 
bosom. 

The report aims at gathering the work carried out by the FPB in the above framework. 
The heart of the analysis of the Belgian energy outlook to 2030 is provided by a set of energy 
scenarios. These scenarios provide a quantitative basis for the analysis of environmental, energy 
and economic challenges Belgium will be faced with in the coming years. Doing so, the analysis 
gives a valuable input to the report the Commission Energy 2030 has to deliver to M. Verwilghen, 
the federal Minister of Energy. 

In this study, the PRIMES model is used in order to quantitatively examine the energy 
outlook of Belgium in the period 2005-2030. For the analysing of PRIMES projections, one starts 
from a baseline scenario in which recent policy and current trends are being taken up. Next to the 
baseline, sensitivity analyses and/or policy scenarios are defined in order to study the effect of 
uncertainty existing around one parameter and scrutinize the impact of a different policy on the 
national energy system respectively. The PRIMES model is being developed and managed in the 
University of Athens (NTUA) by a team under the coordination of Prof. P. Capros. For some of the 
hypotheses, the NTUA makes use of the output of other universities or scientific institutions, like for 
example international energy prices (on the basis of POLES, supplemented by the world energy 
model PROMETHEUS and revised by a number of experts) and the modelling of the transport 
activity (on the basis of SCENES, a European transport network model). 

BASELINE  
The baseline then examines what could happen if no new action in the field of energy, 

climate or transport is installed. It also allows to evaluate the impact of new propositions or 
alternative policy measures on the evolution of the Belgian energy system and its emissions. 

The production of electricity is mounting throughout the entire projection period. During 
the first period (2000-2010) it increases at 1.3% per annum, reaching a total of 94 TWh by the year 
2010 (in 2000, it was still 82.6 TWh). During the next decennium this increase keeps pace and the 
production of electricity grows at 1.1% per annum. It is only in the last period that the pace of 
growth will slow down and reach 0.7% per year: in 2030 then, 112 TWh of electricity will be 
generated. The generation capacity is provided by nuclear power stations, renewable units 
(especially hydro and wind) and thermal production units (including biomass).  

In 2000, the supremacy of nuclear electricity is still obvious: 48 TWh is being generated 
by nuclear power stations. Thermal units take up the rest of the national production (34 TWh), as 
renewables only stand for 0.5 TWh. At the end of the projection period, this situation changes 
considerably. Because of the nuclear phase-out, nuclear power disappears from the electricity 
scene, which, in turn, forces the thermal units to catch up for the difference: in 2030 they will 
account for 106 TWh. Generation through renewables will also increase: spectacularly during the 
                                                 
5 September 2006, Federal Planning Bureau, Brussels  
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first period (‘00-’10) at a rate of 20,4% per year; followed by more modest percentages (3,1% and 
4,1% per annum respectively) in the next decennia. In 2030, renewables will provide 6 TWh of 
electricity. 

Figure 2.1—4 complements the above analysis per category of power production units; it 
shows the evolution of electricity generation in the baseline according to the different energy forms, 
namely nuclear energy, natural gas and RES (incl. biomass). The balance gives the share of coal. 

 

 
Figure 2.1—4 Composition of the electricity generation, baseline (%) 

 
The evolution of the electricity production and fuel mix described above can be 

complemented by the presentation of several indicators that enlarge the scope of the analysis. 

 
Table 2.1—8  Indicators related to the production of electricity in the baseline 
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The evolution of the average efficiency of thermal electricity production is closely related 
to the technology mix. The remarkable increase in 2000-2020 has to do with the investments in 
combined cycle gas turbines (CCGT) that are characterised by high conversion efficiencies (close 
to 60% for new generation), while the slight decrease in 2020-2030 comes from the progression of 
supercritical coal power plants in the power technology mix; this technology has a lower conversion 
efficiency than CCGT (around 50%). 

The significant penetration of coal based power plants beyond 2020 also helps to explain 
the jump in the carbon intensity and in the CO2 emission index in 2030. The share of non fossil 
fuels in electricity production combines two elements: nuclear on the one hand, renewable energy 
sources on the other. The share of nuclear electricity decreases steadily further to the 
decommissioning of nuclear plants after an operating lifetime of 40 years. On the contrary, the 
share of renewable energy sources goes up: representing only 2% in 2000, it reaches almost 12% 
in 2030. Similarly, the share of CHP in electricity generation goes up steadily up to 2020 after 
which it stabilises at 18% for the next 10 years. 

The installed power capacity increases by 54% in 2000-2030. This increase is required 
to meet the growth in electricity consumption. However, the power capacity increases at a higher 
pace than electricity demand. One reason is the decrease in net electricity imports; another is the 
decrease in the average utilisation rate of electrical capacities: in 2000, it was close to 63%; in 
2030, it is estimated to be 55%. The evolution of electricity imports and exports is determined 
endogenously by the model given a certain number of assumptions regarding the declared strategy 
of the neighbouring countries. The progressive decrease in net electricity imports in 2005-2030 
results, among other things, from the decline of surplus capacities in France and Germany. In 
2030, net electricity imports are projected to be slightly less than 4 TWh.  

REDUCTION SCENARIOS 
• Bpk30: scenario in which Belgium reduces its energy CO2 emissions by 30% in 2030 

compared to the 1990 level, decommissioning of nuclear plants takes place and CCS is 
available in the period 2020-2030 

• Bpk30n: scenario in which Belgium reduces its energy CO2 emissions by 30% in 2030 
compared to the 1990 level, lifetime extension of existing nuclear plants + possibility of having 
1 new nuclear unit of 1700 MW after 2020 and CCS is available in the period 2020-2030 

• Bpk30s: scenario in which Belgium reduces its energy CO2 emissions by 30% in 2030 
compared to the 1990 level, decommissioning of nuclear plants and CCS is not available in the 
period 2020-2030 

• Bpk30ns: scenario in which Belgium reduces its energy CO2 emissions by 30% in 2030 
compared to the 1990 level, lifetime extension of existing nuclear plants + possibility of having 
1 new nuclear unit of 1700 MW after 2020 and CCS is not available in the period 2020-2030 

As already stressed in previous sections, constraints on CO2 emissions have an impact 
on the level of electricity production. Furthermore, the impact depends on the limit imposed on the 
emissions, on the availability of carbon free or carbon abatement technologies and on the relative 
costs between these technologies and electricity saving measures on the demand side. 
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Figure 2.1—5 Figure: Electricity generation (GWh) 

 
The first message the graph provides is that CO2 emission constraints lead in general to 

an increase in the production of electricity compared to baseline. It is only when both nuclear and 
CCS are not part of the power generation park that electricity generation declines with respect to 
the baseline. The highest increase is 15% above the baseline (Bpk30n and Bpk30ns). The highest 
decrease is 7.4% below the baseline (Bpk30s). The two figures hold for the year 2030. 

As regards the strength of the constraint, one sees that in general the higher the 
constraint the higher the electricity generation. The only exception occurs in the scenarios without 
nuclear and CCS where electricity production is lower in the Bpk30s case than in Bpk15s. The 
availability (and costs) of carbon free or carbon abatement technologies in the power sector plays 
also a significant role in the development of electricity production. Provided they are passed on to 
the final consumers, lower average production costs recorded in the reduction scenarios with 
nuclear (compared to the scenarios without nuclear) lead to an increase in the demand for 
electricity which replaces fossil fuels and therefore contributes to emission reductions on the 
demand side. The increase is moderate in the residential and tertiary sectors (approximately one 
fourth of the total increase in demand) but significant in industry where shifts towards electricity 
offer the largest possibilities especially in the iron and steel and chemical sector: around 90% of 
the additional electricity demand comes from these two sectors. 

Although increases in electricity production are also observed in some reduction cases 
without nuclear, the picture is slightly different. The jump in electricity demand is then only driven 
by industry (mainly the iron and steel and chemical industry) whereas the demand for electricity 
declines in the tertiary and residential sectors compared to baseline. For the latter sectors, 
electricity savings prove to be more cost-effective than fuel switching in favour of electricity. The 
net effect on electricity demand (and production) is an increase when CCS is available in the power 
sector; it is a decrease, on the other hand, when this technology does not belong to the reduction 
package (Bpk15s and Bpk30s). 
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2.1.3 Principal literature and results 
 
Private costs of existing power plants 
Wholesale Electricity Prices Belgium’s Energy challenges towards 2030 published by 

the Commission energy 2030, June 2006, is the first source of private costs examined in this 
paragraph for Belgium. 

Figure 2.1—6 shows a comparison of the wholesale forward prices for continuous 
delivery of 1MW during 1 calendar year, expressed in €/MWh, between the Belgium and the 
neighboring countries France, Germany and the Netherlands. Several general tendencies can be 
drawn from this figure. 

1. Electricity wholesale prices have globally remained constant until the beginning of 2005; 
after that a remarkable price increase is observed; 

2. Prices in Belgium and the Netherlands were situated well above those in Germany and 
France until the end of 2004. As of the beginning of 2005, however, the Belgian prices 
have converged towards those of France and Germany. This is because of the available 
cross-border capacity between France and Belgium has increased. The price convergence 
occurred before the actual activation of the new capacity as the market anticipates on 
future technical developments using forward contracts. 

3. Two signatures can be seen in the price evolution of these wholesale electricity prices: first 
there is the gas price influence, as shown in Figure 2.24; in addition, there is the price of 
the CO2 emission certificates, as is clear from Figure 2.27 (see especially for the peak in 
July 2005, and the dip in April 2006). 

 

 
Figure 2.1—6  Wholesale forward prices electricity. [G. Camps, CREG Press Conference July 05 2006] 

 
A comparison with also the UK is shown in Figure 2.1—7, over the time period January 

2005 till March 2007. From this figure it is clear that, for a considerable period of time, prices in the 
UK have been substantially higher than the prices in N-W Continental Europe because of the high 
gas prices and unilateral gas-dominated electricity generation, in addition to being an isolated 
market from electric viewpoint (import capacity only 3 % of the demand). Due to relatively warm 
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winter conditions in 2006-2007, gas prices have decreased considerably (but likely only temporarily 
on the medium-term time scale [IEA, 2007 Natural Gas Market Review 2007]), with a resulting 
lower electricity price. It is furthermore shown also that continental prices crept up in the summer of 
2006 after 'recovery' of the CO2 certificates, after which they started to decline as a consequence 
of "cheaper" gas prices in the fall of 2007. The reason for higher prices in the Netherlands is 
because of congestion in the B-NL direction. Usually, the Belgian prices are somewhat higher than 
the French ones, for an amount about equal to the transmission fee over the cross-border lines. 
 

 
Figure 2.1—7  Wholesale forward prices power baseload (Cal 08) (B, NL, DE, UK & FR). 

 
Energy Prices at the Consumer Level 
In what follows, only some exemplary (but representative) elements of the price at the 

consumer level are given. Detailed figures can be found in the recent study by [Global Insight, 
2006], and [CREG, 2006a,b]. Interesting information is also found in [IEA, 2006a], [VOKA, 2006] 
and [ANRE, 2005]. 

 
Comparison of Belgian Prices with Neighbouring Countries 
Following [Global Insight, 2006], the recent evolution of industrial and domestic 

consumer prices is shown in Figure 2.1—8. These prices are without taxes, levies or VAT. 
Furthermore, because of the market opening at different speeds between the Flemish Region and 
Wallonia and Brussels, averaged Belgian prices give a slightly distorted picture for the regions. 
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Figure 2.1—8  Evolution of Belgian electricity prices for industry and domestic (Dc) consumers. [Global 

Insight, 2006] 

 
Compared to our neighbouring countries, which average is set to 100% at any time, price variation 
is as shown in Figure 2.1—9. 
 

 
Figure 2.1—9 Comparison of Belgian electricity prices with the average of our neighboring countries (set at 

100%). [Global Insight, 2006] 

 
Breakdown of Belgian Electricity Prices 
When looking at the breakdown of the end-consumer price for large industrial, 

intermediate and domestic consumers, the following picture appears for January 2007 (on average 
— for details, see [Eurostat71]): 
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Table 2.1—9  Breakdown of industrial and domestic electricity prices in Belgium 

For final domestic consumers, taxes, levies and VAT make up about 1/4 of the total 
price. For industrial users, this is smaller, in large part because there is no VAT. 

For domestic consumers, levies and taxes are charged for about 1€c/kWh; they cover 
charges for things such as the Regulator, clean up of old (research-related) nuclear waste & 
decommissioning, a Kyoto contribution, a contribution for Public Service Obligation, an energy levy 
for financial balance of Social Security, a contribution for green electricity and CHP certificates, 
a.o.. The contribution for renewables is about 0.2-0.3 €c/kWh, while that for CHP is currently 
0.1€c/kWh. Both are expected to rise when more renewables and CHP will be supported. 

Next to the levies and taxes, there are subsidies/discounts, most notably 100 kWh of 
free electricity for each family and each family member. (This is only the case in Flanders. Also is 
the alleged compensation for the losses of the municipalities, the so-called Elia tax, which is 
understood to disappear in the future). In addition, the socially weak get lower tariffs. 

 
The second source of private costs data reported in this paragraph is Long term energy 

and emissions’ projections for Belgium with the PRIMES model, September 2006, Federal 
Planning Bureau, Brussels. 

In the PRIMES model, the pricing of electricity is close to average cost pricing (i.e. 
follows the Ramsey-Boiteux principle), whereas in a fully competitive electricity market, electricity 
prices are equal to the marginal production costs. In both cases, the nuclear option as described in 
the study will lead to lower (marginal and average) production costs and, provided these cost 
reductions are passed on to the final consumers, to lower overall energy related costs. However, 
the current situation as regards electricity prices seems to be far from these theoretical 
considerations and to depend more on balances of power between market operators. For instance, 
a recent study of the French Ministry of Industry has shown that electricity prices in France are 
determined by the (high) German electricity prices rather than by the (low) production costs due to 
nuclear. Therefore, the conclusions concerning the relatively lower total energy related costs of 
final consumers when nuclear power is an option must be interpreted with caution as they are not 
likely to hold in the situation prevailing on the today electricity markets. Appropriate policies 
towards a better functioning of the electricity markets are necessary to “realise” the benefits 
assessed for the demand side. 
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Private costs of new power plants 
 

The assumptions on the technologies published in "Post Kyoto Options for Belgium 
2012-2050"6 are reported below. 

The characteristics of the technologies are given in following order: 
Nuclear power generation (1 and 2) 
Classic central power generation 

Using coal 
• Conventional (3) 
• Ultra Super Critical coal power plants (4 and 5)  
• Fluidised bed combustion plants (6 and 7) 
• Integrated Gasification Combined Cycle plants (8 and 9) 
 

Using natural gas or kerosene 
• Gas turbine (10) 
• STAG (STeam And Gas) power plants (11 and 12) 
• Fuel cell on gas (13) 
• Supercritical on heavy fuel oil (14 and 15) 

Renewables 
• Power plants on biomass (municipal waste in the same category) (16 – 22) 
• Hydro power plants (21) 
• Fuel cell on hydrogen (22) 
• Photovoltaic (23 and 24) 
• Wind turbines (25 – 30) 

o The offshore wind turbines differ in their distance to the coast and thus also in 
their investment and variable costs. 

o The onshore wind turbines are all assumed to be the same technologies and 
thus the costs are equal. They differ because the different locations have 
different wind speeds and thus different (time sliced) availabilities. 

 
When carbon is captured on power plants, the technologies are denoted as “CO2seq”. 
 

 Process 2010 2020 
1 EUSTNUC301 [EPLT: EPR.NUC.3th.New] 35% 35% 
2 EUSTNUC401 [EPLT: EPR.NUC.4th.New] 38% 38% 
3 EUSTCOH01 [EPLT: Steam.Turb.COH.New] 34% 35% 
4 EUSTCOHSC01 [EPLT: SC.Steam.Turb.COH.New] 39% 43% 
5 EUSTCOHSCS01 [EPLT: SC.Steam.Turb.CO2seq.COH.New] 32% 36% 
6 EUSTCOHFB01 [EPLT: FB.Steam.Turb.COH.New] 40% 43% 
7 EUSTCOHFBS01 [EPLT: FB.Steam.Turb.CO2seq.COH.New] 32% 36% 
8 EUIGCOH01 [EPLT: IGCC.COH.New] 40% 45% 
9 EUIGCOHS01 [EPLT: IGCC.CO2Seq.COH.New] 32% 37% 
10 EUPDGAS01 [EPLT: Turb Peak.GAS.New] 37% 41% 
11 EUCCGAS01 [EPLT: Comb Cyc.GAS.New] 58% 63% 
12 EUCCGASS01 [EPLT: Comb Cyc CO2Seq.GAS.New] 50% 58% 
13 EUFCGAS01 [EPLT: Fuel Cell.GAS.New] 68% 68% 

                                                 
6 KUL and VITO October 2007. http://www.belspo.be/belspo/home/publ/rappCPen_nl.stm . 
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14 EUSCHFO01 [EPLT: SC.Steam.Turb.HFO.New] 45% 46% 
15 EUSCHFOS01 [EPLT: SC.Steam.Turb.CO2seq.HFO.New] 36% 41% 
16 EUSTWOO01 [EPLT: Steam.Turb.WOO.New] 35% 35% 
17 EUSTWOOHT01 [EPLT: Steam.Turb.WOO.HT.New] 38% 39% 
18 EUIGWOO01 [EPLT: IGCC.WOO.New] 36% 52% 
19 EUIGWOOS01 [EPLT: IGCC CO2Seq.WOO.New] 29% 34% 
20 EUSTMUN01 [EPLT: Steam.MunicipalWaste.New] 25% 25% 
21 EUHYDRUN01 [EPLT: Hydro.Run of River.New.] 100% 100% 
22 EUFCHH201 [EPLT: Fuel Cell.HH2.New] 78% 79% 
23 EUPVSOLP201 [EPLT: PV Plant Size.SOL.New] 100% 100% 
24 EUPVSOLR101 [EPLT: PV Roof panel.SOL.New] 100% 100% 
25 EUWINOF101 [EPLT: Wind Offshore 1.Close] 100% 100% 
26 EUWINOF201 [EPLT: Wind Offshore 2.Medium] 100% 100% 
27 EUWINOF301 [EPLT: Wind Offshore 3.Far] 100% 100% 
28 EUWINON101 [EPLT: Wind Onshore 1.High] 100% 100% 
29 EUWINON201 [EPLT: Wind Onshore 2.Medium] 100% 100% 
30 EUWINON301 [EPLT: Wind Onshore 3.Low] 100% 100% 

Table 2.1—10: Efficiency of electricity technologies 
 

 Process 2005 2010 2020 2030 
1 EUSTNUC301 [EPLT: EPR.NUC.3th.New] 2212 2127 2019 1961 
2 EUSTNUC401 [EPLT: EPR.NUC.4th.New]   1734 1685 
3 EUSTCOH01 [EPLT: Steam.Turb.COH.New] 1262 1229 1186 1161 
4 EUSTCOHSC01 [EPLT: SC.Steam.Turb.COH.New]  1244 1155 1111 
5 EUSTCOHSCS01 [EPLT: SC.Steam.Turb.CO2seq.COH.New]  2142 1893 1783 
6 EUSTCOHFB01 [EPLT: FB.Steam.Turb.COH.New]  1258 1152 1101 
7 EUSTCOHFBS01 [EPLT: FB.Steam.Turb.CO2seq.COH.New]  2227 1968 1854 
8 EUIGCOH01 [EPLT: IGCC.COH.New]  1286 1168 1113 
9 EUIGCOHS01 [EPLT: IGCC.CO2Seq.COH.New]  2250 1960 1836 
10 EUPDGAS01 [EPLT: Turb Peak.GAS.New] 359 349 336 328 
11 EUCCGAS01 [EPLT: Comb Cyc.GAS.New] 486 477 466 458 
12 EUCCGASS01 [EPLT: Comb Cyc CO2Seq.GAS.New]  822 762 732 
13 EUFCGAS01 [EPLT: Fuel Cell.GAS.New]  3490 1249 763 
14 EUSCHFO01 [EPLT: SC.Steam.Turb.HFO.New]  951 917 898 
15 EUSCHFOS01 [EPLT: SC.Steam.Turb.CO2seq.HFO.New]  1519 1342 1264 
16 EUSTWOO01 [EPLT: Steam.Turb.WOO.New] 1775 1590 1388 1301 
17 EUSTWOOHT01 [EPLT: Steam.Turb.WOO.HT.New]  1433 1194 1098 
18 EUIGWOO01 [EPLT: IGCC.WOO.New]  1515 1313 1227 
19 EUIGWOOS01 [EPLT: IGCC CO2Seq.WOO.New]  2909 2535 2374 
20 EUSTMUN01 [EPLT: Steam.MunicipalWaste.New] 1262 1229 1186 1161 
21 EUHYDRUN01 [EPLT: Hydro.Run of River.New.] 1350 1234 1103 1044 
22 EUFCHH201 [EPLT: Fuel Cell.HH2.New]  2685 960 587 
23 EUPVSOLP201 [EPLT: PV Plant Size.SOL.New] 2455 1782 1187 997 
24 EUPVSOLR101 [EPLT: PV Roof panel.SOL.New] 3148 2285 1521 1278 
25 EUWINOF101 [EPLT: Wind Offshore 1.Close] 1733 1682 1616 1578 
26 EUWINOF201 [EPLT: Wind Offshore 2.Medium] 1955 1904 1838 1800 
27 EUWINOF301 [EPLT: Wind Offshore 3.Far] 2844 2793 2727 2689 
28 EUWINON101 [EPLT: Wind Onshore 1.High] 963 934 898 877 
29 EUWINON201 [EPLT: Wind Onshore 2.Medium] 963 934 898 877 
30 EUWINON301 [EPLT: Wind Onshore 3.Low] 963 934 898 877 

Table 2.1—11: Investment costs of electricity technologies (€/kW) 
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 Process VAR Fixed costs 
   2010 2030 
  €/GJel €/kW €/kW 
1 EUSTNUC301 [EPLT: EPR.NUC.3th.New] 0.124 53 53 
2 EUSTNUC401 [EPLT: EPR.NUC.4th.New] 0.107 46 46 
3 EUSTCOH01 [EPLT: Steam.Turb.COH.New] 1.150 33 33 
4 EUSTCOHSC01 [EPLT: SC.Steam.Turb.COH.New] 2.277 27 27 
5 EUSTCOHSCS01 [EPLT: SC.Steam.Turb.CO2seq.COH.New] 2.505 31 31 
6 EUSTCOHFB01 [EPLT: FB.Steam.Turb.COH.New] 1.708 30 30 
7 EUSTCOHFBS01 [EPLT: FB.Steam.Turb.CO2seq.COH.New] 1.879 35 35 
8 EUIGCOH01 [EPLT: IGCC.COH.New] 1.139 33 33 
9 EUIGCOHS01 [EPLT: IGCC.CO2Seq.COH.New] 1.253 39 39 
10 EUPDGAS01 [EPLT: Turb Peak.GAS.New] 0.666 10 10 
11 EUCCGAS01 [EPLT: Comb Cyc.GAS.New] 0.526 10 10 
12 EUCCGASS01 [EPLT: Comb Cyc CO2Seq.GAS.New] 0.647 13 13 
13 EUFCGAS01 [EPLT: Fuel Cell.GAS.New] 0.252 178 39 
14 EUSCHFO01 [EPLT: SC.Steam.Turb.HFO.New] 2.192 21 21 
15 EUSCHFOS01 [EPLT: SC.Steam.Turb.CO2seq.HFO.New] 2.411 24 24 
16 EUSTWOO01 [EPLT: Steam.Turb.WOO.New] 0.811 64 64 
17 EUSTWOOHT01 [EPLT: Steam.Turb.WOO.HT.New] 0.792 45 45 
18 EUIGWOO01 [EPLT: IGCC.WOO.New] 0.755 54 54 
19 EUIGWOOS01 [EPLT: IGCC CO2Seq.WOO.New] 1.253 63 63 
20 EUSTMUN01 [EPLT: Steam.MunicipalWaste.New] 1.150 33 33 
21 EUHYDRUN01 [EPLT: Hydro.Run of River.New.] 0.000 20 20 
22 EUFCHH201 [EPLT: Fuel Cell.HH2.New] 1.258 137 30 
23 EUPVSOLP201 [EPLT: PV Plant Size.SOL.New] 0.000 55 55 
24 EUPVSOLR101 [EPLT: PV Roof panel.SOL.New] 0.000 48 48 
25 EUWINOF101 [EPLT: Wind Offshore 1.Close] 0.903 80 80 
26 EUWINOF201 [EPLT: Wind Offshore 2.Medium] 1.250 80 80 
27 EUWINOF301 [EPLT: Wind Offshore 3.Far] 1.528 80 80 
28 EUWINON101 [EPLT: Wind Onshore 1.High] 0.278 15 15 
29 EUWINON201 [EPLT: Wind Onshore 2.Medium] 0.278 18 18 
30 EUWINON301 [EPLT: Wind Onshore 3.Low] 0.278 22 22 

Table 2.1—12: Variable and fixed costs of electricity technologies 
 

  ANN FD FN FP RD RN RP SD SN SP WD WN WP 
23 EUPVSOLP201 0.11 0.29 0.00 0.00 0.29 0.00 0.00 0.49 0.00 0.00 0.08 0.00 0.00 
24 EUPVSOLR101 0.09 0.21 0.00 0.00 0.21 0.00 0.00 0.36 0.00 0.00 0.06 0.00 0.00 
25 EUWINOF101 0.37 0.55 0.55 0.55 0.55 0.18 0.55 0.39 0.13 0.39 0.77 0.26 0.77 
26 EUWINOF201 0.37 0.55 0.55 0.55 0.55 0.18 0.55 0.39 0.13 0.39 0.77 0.26 0.77 
27 EUWINOF301 0.37 0.55 0.55 0.55 0.55 0.18 0.55 0.39 0.13 0.39 0.77 0.26 0.77 
28 EUWINON101 0.27 0.41 0.41 0.41 0.41 0.14 0.41 0.29 0.10 0.29 0.58 0.19 0.58 
29 EUWINON201 0.19 0.29 0.29 0.29 0.29 0.10 0.29 0.21 0.07 0.21 0.41 0.14 0.41 
30 EUWINON301 0.10 0.15 0.15 0.15 0.15 0.05 0.15 0.11 0.04 0.11 0.22 0.07 0.22 

Table 2.1—13: Annual and time sliced availability of sun and wind technologies 
 
Cogeneration technologies 

• Gas turbines for cogeneration (high and low temperature steam) 
• STAG power plants for cogeneration 
• Gas engines for cogeneration 
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• Diesel engines for cogeneration 
• Different kinds of fuel cells for cogeneration (low and high temperature). 

 
DATA ARE VALID FOR THE YEAR 2015 EFFel EFFth INV FIX VAR START 
Process   €/kWel €/kWel €/GJel  
CHPGAS101 [CHP: Comb CYC condensing S.GAS.] 33% 46% 853 50 0.43 2001 
CHPGAS201 [CHP: Comb CYC condensing M.GAS.] 38% 42% 711 40 0.43 2001 
CHPICBGS101 [CHP: Int Combust.BGS M.] 34% 55% 4003 115 3.47 2001 
CHPICBGS201 [CHP: Int Combust.BGS L.] 39% 50% 2353 115 2.08 2001 
CHPICGAS101 [CHP: Int Combust.Gas S.] 30% 55% 2503 65 3.89 2001 
CHPICGAS201 [CHP: Int Combust.Gas M.] 36% 49% 1053 45 2.78 2001 
CHPICGAS301 [CHP: Int Combust.Gas L.] 39% 46% 753 35 2.08 2001 
CHPICOIL201 [CHP: Int Combust.OIL M.] 36% 49% 1053 45 2.78 2001 
CHPICOIL301 [CHP: Int Combust.OIL L.] 42% 43% 753 35 2.08 2001 
CHPISCOH15 [CHP: IGCC CO2Seq.COH.] 30% 43% 1705 70 0.99 2015 
CHPMFBGS10 [CHP: Fuel Cell MEFC.BGS.] 46% 38% 5003 275 6.67 2010 
CHPMFGAS01 [CHP: Fuel Cell MEFC.GAS.] 50% 34% 4503 248 3.89 2001 
CHPSFBGS10 [CHP: Fuel Cell SOFC.BGS.] 44% 38% 7503 413 6.67 2010 
CHPSFGAS01 [CHP: Fuel Cell SOFC.GAS.] 44% 38% 7003 385 3.89 2001 
CHPSFHH201 [CHP: Fuel Cell SOFC.HH2.] 47% 43% 7003 85 0.00 2010 
CHPSPCOH101 [CHP: Steam Turb condensing S.COH.] 29% 51% 1315 53 0.71 2001 
CHPSPMUN01 [CHP: Steam Turb condensing.MUNSLU.] 25% 50% 1617 74 0.71 2001 
CHPSPWOO01 [CHP: Steam Turb condensing.WOO.] 31% 54% 1753 72 0.00 2001 

Table 2.1—14: Cogeneration technologies 
 

External costs of currently functioning 
 

The VITO report “Internalisering van externe kosten voor de productie en de 
verdeling van elektriciteit in Vlaanderen”7 gives an overview of external costs for the production 
and distribution of Electricity in Flanders. 

 
Figure 2.1—10 describes to what extent the external costs can vary by means of 

average external costs which include power plants on blast furnace gas and older STAG plants.  
Concerning conventional fossil-fired power plants, the external costs are mainly explained by the 
emission of pollutants like NOx, SO2 and particles.  These costs are decreasing from about 80 
€/MWh to about 30 €/MWh when coal-fired power plants are equipped with end-of-pipe flue gas  
DeSOX and DeNOx (FGT=Flue Gas Treatment).  Conventional gas-fired power plants have an 
external cost of 30 €/MWh because of their lower emission of particles and SO2.  Efficient STAG 
power plants, with an electrical net efficiency of at least 50%, have even lower external costs: 
about 10€/MWh.  The high external costs of power plants on biomass result from their low 
efficiencies.  Concerning oil, these low costs result from a low efficiency as well as high emissions.  
The same holds true for oil-fired CHP’s.  On the contrary, gas-fired CHP’s have a much lower 
external cost: about 20 €/MWh for motors and about 10 €/MWH for the efficient turbines.  In 
general, renewable energy sources have also much lower external costs, which are mainly 
explained by the production of the investment goods to build the wind turbines, photovoltaic 
systems and small water power plants.  Two facts explain the very low external cost of nuclear 

                                                 
7 R. Torfs et al, VITO, April 2005 
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power production: on the one hand a very small amount of uranium is needed to produce 1 MWh 
and on the other hand almost no emissions arise formed during the electricity production.   

 
Figure 2.1—10 Indicative values of environmental damage costs for electricity production by technology and 

fuel combination (€/MWh) 

 
By multiplying the external costs per unit production by the respective production 

amount, one obtains the average external cost for electricity production in Flanders.  This average 
external cost has decreased from about 45 €/MWh in 1990 to about 19 €/MWh in 2002 (Table 
2.1—15).  This strong decrease is mainly explained by the declined emission of SO2 and NOx. The 
important factors explain these decrease during 1990 and 2002: 

• The run-down of coal in favour of STAG’s; 
• De rise of gas-fired CHP’s; 
• The installation of flue gas cleaning installations in the coal power plant of Langerlo. 
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External costs 
caused by 

1990 1995 2000 2002 

SO2 23.8 19.2 7.7 6.2 
NOX 7.4 6.1 4.0 2.9 
PM10 3.7 1.7 1.0 1.0 
CO2 8.7 8.8 7.4 7.5 
Other impacts 1.7 1.6 1.4 1.4 
Total 45 37 22 19 
Table 2.1—15  Overview of external costs per unit of produced electricity in Flanders (1990-2002) (€/MWh) 
 

In Figure 2.1—11 a comparison between external and internal costs of electricity 
production in is given.  The production costs, mainly investment costs and variable fuel prices, are 
based on literature.   Concerning the external costs, the upper and lower limit are based on the 
external costs of 2002 and 1990 (Table 2.1—15), respectively.  Based on these results, one can 
draw the following conclusions:   

• The external costs of renewable fuels are much smaller than the production costs.  
• The internal costs of nuclear power plants are much bigger than the external costs.  But, if 

one considers a total costs evaluation (sum internal and external costs), nuclear power 
plants will still be a good production option.   

• Total costs of gas-fired power plants and coal-fired power plants with rookgasreining are of 
the same order of magnitude.  STAG plants have a small advantage because of their low 
external costs. 

• Concerning CHP, if one takes the avoided fuel costs into account for the production of 
heat, the costs will decrease and the gas-fired CHP with turbines will form an interesting 
option to lower the total costs.   
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Figure 2.1—11 A comparison of internal and external costs for electricity production (€/MWh) 

 
b.2) of new power plants and chp    

 
The project “EUSUSTEL”8 calculates for various electricity generation technologies the 

Average Lifetime Levelised Generation Costs and external costs for CO2 and other emissions. 
Figure 2.1—12 and Figure 2.1—13 show the social costs for selected electricity generation 
technologies in the year 2030. The damage cost of CO2 is presented separately in the external 
costs. For the renewable energy sources, like wind and solar PV, the back-up costs are published 
separately. 
 

                                                 
8 www.eusustel.be  
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Figure 2.1—12 Total social costs for selected electricity generation technologies in 2030 

 
 
 

 
Figure 2.1—13 Total social costs for selected electricity generation technologies with RES in 2030 
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2.2 Netherlands (VITO) 
    

2.2.1 Overview of electricity production in the country 
The “Energy chapter of the Dutch WLO-scenarios (MNP,CPB and RPB)” performed 

by ECN describes the present electricity production of the Netherlands.  The demand of electricity 
in the Dutch electricity market is mainly covered by large-scale electricity centrals.  The energy 
carriers used for this electricity production are described in Figure 2.2—1.  The import of electricity 
decreased from 11% in 1998 to 17% in 2000, but amounted almost 15% in 2002.  Most of the 
electricity plants use natural gas and coal as energy carriers.  The burning of biomass in the 
majority of the coal plants, caused a saving of 7,2 PJ of fossil fuels in 2003.   

The portion of renewables increased from 0,7% in 1990 to 1.5% in 2002.  In 2004 and 
2005 the share of renewable energy in the total energy consumption amounted 1,8% and 2,4%, 
respectively.   

 

 
Figure 2.2—1 The energy carriers of electricity production and import of electricity 

 
2.2.2 Evolution of electricity production during the next 25 years 

 
The “Energy chapter of the Dutch WLO-scenarios (MNP,CPB and RPB)” performed 

by ECN describes four scenarios of the energy demand and supply until 2040: Strong Europe, 
Global Economy, Regional Communities and Transatlantic Market.   The energy supply is geared 
to the energy demand of the different sectors.  This energy consumption is depended on the 
volume-evolutions of each sector on the one hand and the availability and prices of energy on the 
other hand.  A more detailed description of these four scenarios can be consulted in the online-
report: http://www.ecn.nl/publicaties/default.aspx?nr=ECN-b--06-002.   

Import 

Nuclear energy 
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Figure 2.1—2 describes the evolution of the supply of electricity for the four different 

scenarios.  In all the four scenarios, the production capacity will increase because of the growing 
electricity demand.   
 

 
Figure 2.2—2. Production of electricity9 

 
The scenario Global Economy is characterized by the greatest electricity supply.  Coal 

plants and natural gas CHP’s have a relative important role in this scenario. In Strong Europe and 
Regional Communities renewable energy will, eventually, be an important energy carrier.  The 
scenario Transatlantic Market is characterized by a strong dominance of coal, besides new nuclear 
centrals with will have a total capacity of 6.000 MWe in 2040. 

 
 

2.2.3 Principal literature and results 
 
Private costs of power plants 
The assessment that follows is summarised from the “Fact Finding Kernenergie t.b.v. 

de SER-Commissie Toekomstige Energievoorziening”, ECN, M.J.J. Scheepers A.J. Seebregts 
P. Lako NRG F.J. Blom F. van Gemert, sept 2007. 

Table 2.2—1 gives the cost information in the different studies. It is based on following 
studies: 
 

                                                 
9 Decentral production of electricity: CHP’s, waste incineration, wind power, … 
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• MIT, 2003 
In 2003, the Massachusetts Institute of Technology (U.S.) published a study about costs of nuclear 
energy. MIT estimates the ‘overnight construction cost’ to be $2000/kW. With costs of financing, 
escalation and interest during construction included, it is estimated to be $2557/kW. A cost 
decrease of 25% is thought possible (not in table). The costs of the nuclear fuel are $0,45/GJth (this 
is about 0,5 ¢/kWh) and the O&B costs are $63/kW fixed and 0,047 ¢/kWh (variable). The costs of 
dismantlement are $350 miljon (1000 MW). The costs of treatment of radioactive waist is estimated 
0,1 ¢/kWh. 
 
• Royal Academy of Engineering, 2004 
The ‘Royal Academy of Engineering’ (UK) has published a study in 2004. They estimate the 
building cost (exclusive costs of financing, escalation and interest during construction but inclusive 
reserves for dismantling the EPR) of the plant in Finland at € 1875/kW. The costs could decrease 
to € 1725/kW. O&B costs are € 62/kW and the cost of nuclear fuel 0,6 €ct/kWh. The Academy 
calculates electricity costs with a discount rate of 7,5%. 
 
• NEA, 2005 
The Nuclear Energy Agency (NEA/IEA) (NEA, 2005) costs are $1050 to $2100/kW ($2005), O&B-
costs $46 tot $82/kW and cost of nuclear fuel 0,3 tot 0,8 ¢/kWh. The electricity costs are calculated 
with a discount rate of 5% and 10%. For a discount rate of 10%, the electricity costs are calculated 
to be $30 to $53/MWh. 
 
• EDF, 2006 
In 2006 EDF gave an overview of the costs of the First EPR that will be build in France in 
Flamanville and will be in operation in 2012. The construction costs (inclusive costs of financing, 
escalation and interest during construction) are estimated $ 3,3 billion, this is € 2075/kW. The costs 
for electricity are estimated € 46/MWh. 
 
• IEA, 2006 
The ‘World Energy Outlook 2006’ of the IEA (IEA, 2006) gives a summary of the costs of nuclear 
energy. The (full) construction costs are estimated to be $2000-2500/kW. O&B at $65/kW, the 
costs for the nuclear fuel at $0,45/GJth this is about 0,5 ¢/kWh.  
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Source  
M.I.T., 
2003 

Royal 
Academy of 
Engineering, 
2004 

NEA, 2005 
Low 

NEA, 2005 
High 

DTI, 
2006 

EDF, 
2006 

IEA, 
2006 

Land  U.S. U.K.   U.K. France  
Reactor  PWR 

or 
BWR 

PWR, BWR 
or Candu 

PWR, BWR 
or Candu 

PWR, BWR 
or Candu 

PWR or 
BWR EPR  

Reference 
year 

 2002 2004 2005 2005 2006  2006 

Power [MWe] 1000 1000 938 1876 1100-
1600  1590-

1990 
Investment 
costs 

[€/kW] 2937 
(2297) 1801   2552 

(1812)   

O&B costs fix [€/kW/ 
year]  68 68     52 

O&B costs 
variable 

[€ct/kWh] 0,54    1,12   

Nuclear fuel [€ct/kWh] 0,32 0,67   0,64  0,42 
Total O&B 
and nuclear 
fuel 

[€ct/kWh] 
1,84 1,54 1,27 1,23 1,76  1,12 

Dismantling 
costs 

[€ct/kWh]     0,10   

Nuclear waste [€ct/kWh] 0,11      0,09 

Table 2.2—1 Private costs for nuclear power €2006  (costs of financing, escalation and interest during 
construction excluded) 

Table 2.2—2 gives an overview of cost aspects of nuclear energy. All the studies 
referred to use III generation reactors. 
 

Table 2.2—2 Private cost aspects of nuclear energy 

 Exploitation period Capacity factor Discount factor Fuel cost 
[€2006/MWh] 

40 85 11,5 77 MIT, 2003 
25 85 11,5 80 
40 90 7,5 35 Royal Academy of 

Engineering, 2004 25 90 7,5 38 
NEA, 2005   5 21-31 
DTI, 2006 40 80-85 10 54 
EDF, 2006 60 >90 10 46 
IEA, 2006 25-40 85 6,7-9,6 38-46 
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Figure 2.2—3 Comparison of the private cost of electricity from nuclear energy with other generation 

technologies (existing technology mix: respectively nuclear, coal, natural gas, wind on shore and wind off 
shore).  

 
The range of nuclear is based on MIT, 2003; Royal Academy of Engineering, 2004; NEA 

2005 en IEA, 2006. For coal, the upper limit is the cost when applying coal gasification. The range 
for wind on shore is based on Royal Academy of Engineering, 2004 en IEA, 2006 and for wind off 
shore on Royal Academy of Engineering, 2004. 

Costs for temporary and final storage of nuclear waste can relatively be higher in the 
Netherlands than in countries with more nuclear energy (like US or France). The costs for the full 
cycle for nuclear fuel can be higher because installations for nuclear waste have to be build for few 
nuclear plants. 
 

Costs of IVth generation nuclear power plants 
The development of IVth generation of nuclear power plants will take at least twenty 

years. Countries and companies that are participating in R&D programs expect the technology to 
be competitive around 2030. For a specific case, it is claimed that the construction costs could be 
halved, this is from $1800/kW to $900/kW (DoE, 2002). Nuclear power plants of the IVth 
generation are less sensitive to uranium prices since they use the fuel more efficient. 
 
 

An alternative analysis of private and social costs is provided below. 
At the request of the ministry of Economic Affairs, CPB and the Energy research 

Centre of The Netherlands (ECN) have conducted a social cost-benefit analysis (cba) of an 
investment in wind turbines at the North Sea10. The analysis reveals that such an investment will 
only increase welfare if it is done gradually and combined with strict climate policy measures. 
Building 6000 MW of wind parks at the North Sea by 2020 is economically unviable in all 
                                                 
10 Windenergie op de Noordzee Een maatschappelijke kosten-batenanalyse Annemiek Verrips, Hage de 
Vries, Ad Seebregts en Mark Lijesen, sept 2005 
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scenarios, variants and sensitivity analyses performed in this study. In a version with more gradual 
investments in the Strong Europe scenario (with strict climate policy), the balance will be slightly 
negative. If more favourable assumptions are used on cost decreases over time, higher fuel prices, 
higher emission prices or a lower discount factor, this would turn the balance to slightly positive. 
World oil-price developments in the coming decades are not expected to render wind energy 
economically viable in the absence of climate policy. 
Other renewable sources than offshore wind power are also considered in the analysis. From a 
business point of view, only onshore wind power and, from 2010, supplementary use of biomass in 
gas fired generators are to be preferred over offshore wind power. Most other durable power 
sources, including supplementary use of biomass in coal-fired generators, are economically inferior 
to offshore wind power. The scenarios analysed are “Global Economy” and “Strong Europe”. The 
scenario “Strong Europe” is characterized by a strong environmental policy. Figure 2.2—4 shows 
the evolution of the investment cost for offshore wind turbines up to 2040 with a “high” and a “low” 
estimate. Figure 2.2—5 gives an idea on the electricity prices in both the Global Economy and the 
Strong Europe scenarios. 
 

 
Figure 2.2—4 Evolution of the investment cost for offshore wind energy (€/kW high and low) 
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Figure 2.2—5 Real Electricity prices, Wholesale, base load 

 
 

External costs of power plants 
 

The most recent study which describes the external costs of the electricity production in 
the Netherlands, forms the study ExternE performed in 1998: http://externe.jrc.es/reports.html.  
Because of the evolution of the Dutch electricity park from 1998 until now, this study doesn’t 
contain up-to-date information on external costs.   

 

2.3 Luxemburg (VITO) 
 

2.3.1 Overview of electricity production in the country 
 

The review which follows is summarized from “The European union: 25 different 
countries, 25 different energy policies: an overview” EUsustel, Kuleuven 2005-2006. 

As it is the case with the overall energy needs, Luxembourg relies on import for its 
electricity demand. Electricity mainly comes from its neighbouring countries France, Germany and 
Belgium. The main electricity balances and indicators are summarised in the Table 2.3—1 below. 

The first and most important feature is the growth of domestic electricity production with 
the commissioning of the TWINerg plant in 2002, which generated 2.3 TWh in the same year. This 
is the completion of a project for which the government launched a bid in 1998 for the building and 
management of a 350-MW CCGT situated in the south near Esch-sur-Alzette. The contract was 
awarded to Electrabel, a Belgian electricity company. The company TWINerg, owned 65% by 
Electrabel, 17.5% by CEGEDEL and 17.5% by ARCELOR, was created to build and manage the 
plant. A capacity of 100 MW has been dedicated to CEGEDEL, another 100 MW to SOTEL and the 
remaining 150 MW is dispatched on the Belgian grid. The CCGT is expected to increase 
production to around 3 TWh in the coming years and to eventually supply about 40% of 
Luxembourg’s electricity consumption. 

Although in the first two years the CCGT did not produce heat, it is expected to produce 
190 MWth of heat, of which 150 MWth would be dedicated to industries’ consumption and 40 
MWth could supply a local district heating grid. Autoproduction – which includes CHP – reached 
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358 GWh in 2002, against 184.3 GWh in 1998. At the end of 2003, there were 74 non-industrial co-
generation facilities with a total capacity of 65.2 MW. Industrial electricity autoproduction decreased 
in the iron and steel industry since the restructuring of this sector in the 1990s, but increased in the 
chemical and petrochemical and transport equipment industry, along with heat production. The 
third feature of electricity production is the change in the external electricity trade pattern of 
Luxembourg. Imports remain high, but the CCGT production is now enabling Luxembourg to export 
electricity (see Table 2.3—1). 

 

 
Table 2.3—1  Electricity balance 

 
Table 2.3—2 and Table 2.3—3 present an overview of the electricity production in 

Luxemburg. 
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Table 2.3—2 Electricity generation in Luxemburg 

 

 
Table 2.3—3 Uit IEA review Luxembourg 2004 
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2.3.2 Evolution of electricity production 
Electricity generation is expected to increase to 3.5 TWh by 2010 from 2.7 TWh in 2002, 

a significant growth of around 4% per annum. Net imports of electricity are projected to remain 
roughly the same by 2010, at around 3.5 TWh, but overall, exports and imports could decrease by 
28% and 45% respectively in 2002-2010, indicating a reduction of external dependence and a 
reversal of the previous trend where imports grew to fill the gap between decreasing domestic 
generation and increasing demand.  
 

 
 

RENEWABLES 
Renewables accounted for 1.3% of TPES in 2002, up from 0.9% in 1990; 1.1% came 

from combustible renewables and waste, and 0.2% from hydro. This share is projected to remain 
stable by 2010. In 2002, domestic hydroelectricity generation amounted to 97.4 GWh.  

Non-hydro renewable energy sources are mostly used in electricity generation. In 2002, 
energy from renewable sources was as follows:  
● Municipal waste was used to generate 36.2 GWh of electricity, i.e. the majority of Luxembourg’s 
non-hydro renewable electricity supply.  
● Electricity generation from wind energy started in January 1997 with the connection of four 500-
kW wind turbines to the grid. At the end of 2003, there were 27 windmills in Luxembourg for a total 
capacity of 22 MW. The production has been growing and in 2002 it reached 24.7 GWh.  
● Electricity generation from biogas started in 1997 and quickly developed to reach 9.3 GWh in 
2002.  
● Two photovoltaic stations of 3 kW each were commissioned in September 1993. In 2002, 
photovoltaic produced 59 MWh. In 2002, the share of renewables in electricity generation was 
7.1%, out of which 2.2% was from combustible renewable and waste, 4.0% from hydroelectricity 
and 0.9% from solar, wind and others. 
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Table 2.3—4 Projection of electricity production 

    
2.3.3 Principal literature and results 

Specific data of external/private costs for Luxembourg were not available.  Even the 
following sources don’t mention results about the external costs of electricity production in 
Luxembourg: 
• EEA : Indicator: EN35 External costs of electricity production ; 

http://themes.eea.europa.eu/Sectors_and_activities/energy/indicators/EN35,2007.04;  
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• ExternE: externalities of Energy: A research project of the European Commission; 
http://externe.jrc.es/.  

 

3 Literature review on private and external costs for Ireland and 
United Kingdom 

3.1 Ireland (VITO) 
 

3.1.1 Overview of electricity production in the country 
The first study presented in this paragraph is the “IEA review Ireland 2003”. In 1927, 

the Electricity Supply Board (ESB) was established as a statutory corporation in Ireland to co-
ordinate and to develop the country's electricity system. Until recently, it also acted as the 
regulatory body, with the power to grant permits for all electricity undertakings. Over the years, 
ESB grew into a fully integrated electricity monopoly, providing virtually all generation, 
transmission, distribution and supply services to Ireland.  While ESB has remained a vertically 
integrated company, it is in the process of separating its business units.  ESB owns and operates 
18 major power generating stations with a combined capacity of 4 508 MW. These are shown in 
Table 3.1—1.  ESB’s 4 508 MW of plant gives the company more generating capacity than the 
peak demand record of 4 400 MW set in January 2003. As part of the market reform process, ESB 
has committed itself to reducing its share of the market to 60% by 2005. Currently, ESB market 
share of all Irish generation assets is between 85% and 90%. 
 

 
Table 3.1—1 ESB generation stations 
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In 2000, natural gas was the largest generation source for electricity, accounting for over 
39% of the power produced. Coal was second at 29% and oil products third with 20%. Generation 
from both natural gas and oil has increased rapidly in recent years. From 1995 to 2000, generation 
from gas has grown at an annual average rate of 12.4% while generation from oil has grown at a 
rate of 11.6%. Generation from coal has remained stable in absolute terms although its percentage 
share of total generation has fallen from 40% in 1995 to 29% in 2000. Generation from wind 
turbines was introduced in Ireland in 1992 and has, since then, grown to account for 1.0% of total 
domestic generation in 2000.  

Gas-fired generation is expected to dominate in the medium term. ESRI projects that 
natural gas could account for 80% of total generation in 2010 if the fuel-switching proposals in the 
NCCS are implemented. Coal’s contribution to electricity generation would drop from 29% to 14% 
and oil from 20% to just 1.4%. Figure 3.1—1 and Table 3.1—2 show the breakdown of all historical 
and projected generation sources.  
 

 
Figure 3.1—1 electricity generation 
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Table 3.1—2 electricity generation 

 
RENEWABLE ENERGY 
The use of renewable energy in Ireland remains low compared to other IEA countries. In 

2000, renewable energy accounted for 1.8% of the country’s TPES (total supply), compared to the 
average contribution for all IEA countries of 11.5%.  Renewables’ use in electricity generation in 
Ireland is also lower than that found in other IEA countries. In 2000, electricity from renewables 
accounted for 5.0% of the country’s total generation compared with the average in other IEA 
countries of 14.7%. This is primarily due to the absence of natural configurations that would 
support hydropower facilities and the historical absence of large biomass power plants use as seen 
in Finland and Austria. The majority of Irish renewable energy comes from biomass. In 2000, 
biomass accounted for 64% of all renewables production. (This amount equalled only 1.1% of the 
country’s TPES.).  Hydropower was the second largest contributor with 28.3% of total renewable 
energy production and wind power was third, with 8.1%.  No other renewable energy made 
significant contributions to TPES. Although still making a very small contribution to the Irish energy 
sector (0.14% of TPES and 1.0% of the electricity market as of 2000), wind energy is the country’s 
fastest growing renewable energy. From 1997 to 2000, power generation from wind technology 
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grew at an average annual rate of 51%.  As of June 2000, the country had 12 operational wind 
farms with a total capacity of 69.49 MW, representing 1.4% of total national electricity capacity.  

 
The Green Paper on Sustainable Energy, published in September 1999 by the 

Department of Public Enterprise, produced the following table showing historical and projected 
contributions from renewable energy technologies. 
 

 
Table 3.1—3 Renewable energy generation 

 
Ireland has two separate targets for the increase in renewable energy capacity. The first 

arose from the Green Paper on Sustainable Energy (1999). This document establishes Ireland’s 
plans to increase electricity generation capacity from renewable energy sources by an additional 
500 MW by 2005 with wind energy as the dominant technology. This is expected to increase green 
electricity production towards 12% of total generation and account for 10% of the required 
emissions reduction needed to meet Kyoto commitments. The second target to increase renewable 
energy is derived from the EU. The government intends to comply with the target for Ireland in 
European Union Directive 2001/77/EC which establishes Ireland’s target as increasing the 
consumption of electricity from renewable energy sources to 13.2% of total electricity consumed 
nationally by 2010.  
 

The second study presented in this paragraph is the “The European union: 25 
different countries, 25 different energy policies: an overview”11. The Department of Public 
Enterprise (1999) estimates that the electricity demand by 2010 will be 65% greater than that of 
1998.  Irish consumption of electrical energy is constantly rising. During the decade 1990-2000 the 
annual growth in electricity consumption was 5.4%, almost double the average of the OECD 
countries. In 2000 electricity consumption was approximately 72 864 GJ (20.24 TWh).  The 
contribution of each primary energy source to the fuel mix for electricity generation from 1980 to 
2010 is displayed in Figure 3.1—2. From 1990 onwards there has been continuous growth of 
natural gas use, an increase in renewable generation and a reasonably constant level of coal-fired 
                                                 
11 EUsustel, Kuleuven 2005-2006  
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generation. On the contrary, peat and oil are losing their shares after 2005 and 2000 respectively. 
According to the Green Paper on Sustainable Energy (Department of Public Enterprise 1999), 
estimated natural gas use for electricity generation will dominate the fuel mix by 2010, accounting 
for almost 56%. 

 

 
Figure 3.1—2 Fuel mix 

 
An alternative study presented to show the overview of the electricity situation in Ireland 

is “Energy in Ireland 1990-2005 (trends, issues, forecasts and indicators)”12. 
Figure 3.1—3 shows graphically the flow of energy in electricity generation. The relative 

size of the useful final electricity consumption to the energy lost in transformation and transmission 
is striking. These losses represent 59% of the energy inputs. The small, but growing contribution of 
renewables is also notable as is the dominance of gas in the generation fuel mix. In 2005, 
renewables accounted for 3.5% of the energy inputs to generate electricity with wind contributing 
1.9% of total inputs. Wind accounted for 54% of the renewable energy used for electricity 
generation. 

 

                                                 
12 SEI, 2006 
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Figure 3.1—3 Figure: Flow of Energy Electricity Generation 2005 

 
Figure 3.1—4 shows a similar picture to Figure 9 except that the electricity outputs are 

shown by fuel use to generate the electricity and as percentages for the purposes of comparing 
with the various targets. Renewable generation consists of wind, hydro, landfill gas, biomass and 
other biogas and in 2005 accounted for 6.8% of gross electricity consumption compared with 5.2% 
in 2004. The national target is 15% by 2010 and 30% by 2020.   
 

 
Figure 3.1—4 Flow energy electricity generation 2005 Outputs by fuel 

 
The efficiency of electricity supply shown in Figure 3.1—5 is defined as final 

consumption of electricity divided by the fuel inputs required to generate this electricity and 
expressed as a percentage. The inputs include renewable sources and imports and the final 
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consumption excludes the generation plants ‘own use’ of electricity and transmission and 
distribution losses. Hence this is supply efficiency rather than generating efficiency.   
 

 
Figure 3.1—5 efficiency of electricity supply 

 
From the mid 1990s onwards the influence of the use of higher efficiency natural gas 

plants and the increase in production from renewable sources is evident. The sharp rise between 
2002 and 2004 (from 35% to 40%) is accounted for, principally, by the coming on stream of new 
CCGT plant (392 MW in August 2002 and 343 MW in November 2002), an increase in imports of 
electricity and the closure of old peat fired stations.  In 2005 a small increase in electricity 
generation efficiency was recorded; going from 40.2% in 2004 to 40.6% in 2005. 

The trends in the mix of primary fuels employed for electricity generation are shown in 
Figure 3.1—6. For the first time since 2001 the amount of energy required to generate electricity 
has risen. Energy inputs to electricity generation increased by 2.6%. The shift from oil to gas since 
2001 is also very evident from the graph, although this trend 

reversed somewhat in 2004. 
Table 3.1—4 presents the growth rates and shares of the primary fuel mix for electricity 

generation over the period 1990 –2005. 
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Figure 3.1—6 Figure: Primary fuel mix for electricity generation 

 

 
Table 3.1—4 Table: growth rates and shares of electricity generation fuel mix 

 
The primary fuel requirement for electricity generation grew by 65% from 3,1 Mtoe in 1990 to a 
high of 5.2 Mtoe in 2001. Between 2001 and 2004 the requirement reduced by 5%, while at the 
same time the final consumption of electricity increased by 10%. In 2005, 5,1 Mtoe of energy 
was used to generate electricity. The fuel inputs to electricity generation were 33% of the total 
primary energy requirement in 2005. Electricity consumption as a share of total final 
consumption increased from 14% to 17% between 1990 and 2005. 
 
 

3.1.2 Evolution of electricity production 
 The nature of the economic climate that Ireland will experience in the next 15 years has 

a key influence on the energy demand trends in the short to medium term. In “Energy in Ireland 
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1990 – 2004”, the energy forecasts were based on the high growth scenario of the ESRI’s 
Medium-Term Review: 2005-2012 (MTR), which ESRI conclude to be applicable in the short term. 
ESRI’s MTR also contained a low growth scenario, which is more applicable in the medium term. 
The move from a high growth to low growth scenario depends on the timing of adjustment within 
the US economy to ‘restore it to a sustainable growth path’. 

ESRI developed a new macro-economic scenario to improve the energy forecasts that 
follows the high growth trajectory for the period out to 2010 and that shifts to the low growth path 
by 2020. This implies annual average real GNP growth of 4.9% between 2005 and 2010 and 2.5% 
annual average growth for the following decade. In terms of real GDP, the consistent growth rates 
are 5.7% between 2005 and 2010 and 2.4% between 2010 and 2020. 

This and other significant macro-economic inputs (including fuel prices) are summarised 
in Table 3.1—5. The forecasts presented here represent a baseline scenario.  

 

 
Table 3.1—5 key assumptions (constant 2005 prices) Underpinning energy forecasts 

 
There are also a number of assumptions relating to the contribution of renewable energy 

and these incorporate goals set in the recently published Green Paper; Towards a Sustainable 
Energy Future for Ireland. 

–  by 2010 renewable energy accounts for 15% of Ireland’s gross electricity consumption 
–  by 2020 renewable energy accounts for 30% of Ireland’s gross electricity consumption 
–  by 2010 biofuels account for 5.75% of road transport fuels 

Additional assumptions a employed for areas not explicitly covered in the Green paper, 
namely: 

–  by 2020 biofuels account for 8% of road transport fuels (The European Council meeting of 
March 2006 asked the European Commission to consider an 8% biofuels target for 2015.) 

–  by 2010, biomass provides 218 ktoe per annum (4%) to Ireland’s heat requirements 
(Bioenergy Strategy Group Medium Scenario ) 

–  by 2020, biomass provides 444 ktoe per annum (9%) of Ireland’s heat requirements 
(Bioenergy Strategy Group Medium Scenario) 

The demand for electricity is assumed to grow by 3.0% per annum until 2010 and then at 
a reduced rate between 2010 and 2020 (1.4% per annum). This increasing demand will require 
increased electricity generation at existing plants and the commissioning of new power plants. At 
the same time there is pressure to limit carbon dioxide emissions16, due to the pricing of carbon 
via the EU emissions trading scheme, and to increase the deployment of renewable energy in 
electricity generation.  
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In these forecasts, plant commissioning and decommissioning has been implemented 
according to the announced timetable.  In addition, in order to meet demand, it is assumed that 
there will be additional generating capacity as follows:  

– Total wind capacity grows from 1,195 MW in 2010 to 2900 MW in 2020, The utilisation rate 
of wind is constant at 35% for both 2010 and 2020.   

– There is an increase in gas-fuelled capacity. The model suggests that 800 MW of new 
Combined Cycle Gasfired Turbines (CCGT) and 200 MW of Open Cycle Gas-fired 
Turbines (OCGT) are needed in 2010 with additional CCGT and OCGT in 2020, plus minor 
amounts of hydro-electric plants and Landfill Gas (LFG). 

The changes in fuel inputs to electricity generation are shown in Figure 3.1—7. The 
principal areas of growth are in natural gas and renewables, both associated with significant 
increases in installed capacity. Oil reduces significantly over the period and no longer contributes in 
2020. Coal increases but not as significantly as gas powered plants, which increase significantly to 
2010 and then reduces to 2020 as renewable energy increases. 
 

 
Figure 3.1—7 Primary fuel mix for electricity generation 1990-2020 

 
Table 3.1—6 shows a summary of the shares in electricity generation fuel mix over time. 

These baseline forecasts assume that CO2 allowances are traded for €20/tonne in 2010 and in 
2020. Oil declines rapidly in the fuel mix between 2005 and 2010, while the use of gas increases 
by 10% per annum. Renewable energy exhibits the largest growth rates 19% per annum) albeit 
from a lower starting point. Between 2010 and 2020 renewable energy continue to grow at high 
rates (10% per annum) while the contribution from gas is reduced. 
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Table 3.1—6 Electricity generation fuel mix 2005-2020 

 
While Figure 3.1—7 showed the mix of fuel inputs into power plants, Figure 3.1—8 

focuses on the electricity generated (in TWh) by fuel. Gas accounts for 48% of electricity 
generation but 45% of the fuel inputs into electricity generation. Renewable energy constitutes 15% 
in 2010 and 30% in 2020 of electricity generation compared with 7% (2010) and 17% (2020) 
respectively of fuel inputs. 

Table 3.1—7 tabulates the data in Figure 3.1—8 and also shows the growth rates and 
shares of electricity generation by fuel. 

  

 
Figure 3.1—8 Electricity Generation by fuel 1990-2020 

 

 
Table 3.1—7 Electricity generation by fuel2005-2020 
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Projections of energy production until 2020 are presented also in “Preserving 
electricity Market efficiency While closing Ireland’s capacity gap”13. This is not merely a 
theoretical point. Continued increases in demand and planned retirement of old plant imply that 
significant new electricity generation capacity will be needed over the next seven years (Eirgrid, 
2006). Figure 3.1—9 below illustrates the extent of future requirements for the All-Island market.  

  

 
Figure 3.1—9 electricity generation capacity in All-Island Market 

 
Note that the white “New” segment at the top of the chart grows rapidly from 2011 

onwards. This represents incremental capacity that will be required to maintain the 2006 level of 
supply adequacy, allowing for expected demand growth, increases in wind power supply and 
current plans for plant retirements and introductions.  

Indeed, capacity margins are already relatively tight. Forced outages5 among a small 
number of ageing generation units could sharply increase the risk of shortages if they were to 
coincide with peak winter demand (Malaguzzi Valeri and Tol, 2006).  

 
Alternatives projections are reported in “Generation Adequacy Report 2007-2013”14.  
DEFINITION OF PLANT CATEGORIES 
The plant portfolio can be categorised in many different ways. One of the most pertinent 

categorisations from the generation adequacy perspective is whether or not the plant can be fully 
dispatched. The operation of fully-dispatchable plant can be both monitored and controlled from 
EirGrid’s central control room, the National Control Centre (NCC). Customer demand is also 
monitored from the NCC. The output of fully-dispatchable plant is varied in order to meet this 
demand. There is an amount of generation connected to the system the output of which is not 

                                                 
13 “Quarterly economic commentary, autumn 2007. S. Lyons, J.F. Gerald, N. McCarthy, L.M. Valeri and R. 
Tol. 
14 Eirgrid, November 2006. 
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currently monitored in the NCC and whose operation cannot be controlled. This non-dispatchable 
plant has historically been connected to the lower voltage distribution system (known as embedded 
generation) and has been made up of many units of small individual size. Large wind farms can fall 
between these two categories. In accordance with the Grid Code and the Distribution Code13, 
wind farms with an installed capacity greater than 5 MW must have the ability to be dispatched, in 
the sense that their output can be reduced. However, an instruction to increase output can only be 
followed if wind conditions permit. Therefore, large wind farms are categorised as being partially-
dispatchable.   

FORECAST FOR FULLY DISPATCHABLE PLANTS 
There was a significant increase in the quantity of fully-dispatchable plant during 2006. 

At the end of 2005 there was 5291 MW of such plant in commercial operation. During 2006, two 
new gas-fired power stations in Tynagh (384 MW) and Aughinish (161 MW) began commercial 
operation. The addition of these two units added 545 MW of capacity to the system. Therefore the 
portfolio of fully-dispatchable plant increased by just over 10% in 2006. In terms of confirmed new 
capacity there is one additional 401 MW unit (Huntstown 2) currently due to be commissioned in 
quarter four of 2007.   

ESB Power Generation has advised EirGrid in response to a survey for this report that 
1300 MW of capacity will close over the next five years. 

 

 
Table 3.1—8  Impact of plant closure on the capacity of fully-dispatchable plant 

 
FORECASTS FOR NON-FULLY-DISPATCHABLE PLANT 
Non-fully-dispatchable plant consists of: 
1. Industrial back-up generation 
2. Small Scale Combined Heat and Power (CHP) 
3. Small Scale Biomass (Renewable) 
4. Small Scale Hydro (Renewable) 
5. Wind Powered Generation (Renewable) 
Forecasts for non-renewable plant within this category have been made with reference 

to industry conditions and historical trends. Forecasts for renewable generation have been 
compiled to align with the targets proposed in the Government’s Green Paper ‘Towards a 
Sustainable Energy Future for Ireland’, October 2006. This paper states that a ‘new 2010 target of 
15% of electricity consumption to be met by renewable energy has been set by Government, with a 
further target of 30% penetration by 2020, subject to technical considerations’. For the purpose of 
this report it is assumed that both targets will be achieved largely through the deployment of 
additional wind powered generation.  The position with other emerging technologies such as 
biomass, wave and tidal power is being monitored, but a significant contribution is not expected 
over the next seven years. 

The increase in Non-Fully-Dispatchable Capacity assumed for the purpose of this report 
is illustrated Table 3.1—9. 
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Table 3.1—9  Summary of non-fully-dispatchable capacity 

  
 

3.1.3 Principal literature and results 
 
Private costs 
The present paragraph reports private costs only for wind technology. Data are reported 

from the “Final report of the project ElGreen”,  
Strong wind resources in Ireland make it one of the cheapest countries in the EU to 

generate wind power, as Table 3.1—10 shows. 
 

 
Table 3.1—10 Cost estimates for wind generation in the EU 

 
External costs 
The source for the review of External costs for Ireland is “ExternE national 

implementation Ireland, a study on the impacts of the generation of electricity in Ireland at 
Europeat 1 and Moneypoint power station”15.  A more recent study isn’t available.   

                                                 
15 December 1997; D. Connolly and S. Rooney, UCD Environmental Institute. 
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Two fuel cycles are considered, namely coal represented by the Moneypoint power plant 
in County Clare, and peat, for which the reference plant was Europeat 1a planned power station in 
County Offaly.  More details about this plant are described in the report.   

The applied methodology is also described in this report.  A summary of the results is 
given in the next tables (The unit of currency is the ECU.  The exchange rate was approximately 1 
ECU = 1,25 US$ in 1995) 

 

 
Table 3.1—11 External costs of power generation for Coal Fuel Cycle 
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Table 3.1—12 External costs of other stages of Coal Fuel Cycle 

 

 
Table 3.1—13 External costs of power generation for Peat Fuel Cycle 
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Table 3.1—14 External costs of other stages of Peat Fuel Cycle 

 
 
 

3.2 United Kingdom (USTUTT/IER)  
    

3.2.1 Principal literature and results 
Private costs 
No publication with private costs for UK was found. Therefore, the “Country independent” 

Average Lifetime Levelized Generation Costs in 2010 are reported in the Table 3.2—1. 
The components of the private cost of production which are considered are: investment 

costs, operation and maintenance and fuel. 
 

Lignite Coal Natural Gas Nuclear Biomass 
Euro per 

MWh 
23.9 - 33.5 31.9 - 39.3 39.3 - 42.0 27.6 - 43.2 61.1 - 73.2 

Table 3.2—1 Private cost of electricity production in Europe. 
*Values are based on detailed calculation by USTUTT_IER for EUSUSTEL (2007)16 

 
External costs 
Mainly classical air pollutants and GHG are considered (ExternE Methodology) in this 

review of external costs for currently functioning power plants. 
The literature reported is “External Costs Research results on socio-environmental 

damages due to electricity and transport”, European Commission (2003), Directorate-General 
for Research. The results of this study are reported in the Table 3.2—2. 

 
Coal& 
Lignite Oil Gas Nuclear Biomass Wind €-Cent 

per kWh 4 to 7 3 to 5 1 to 2 0.25 1 0.15 

Table 3.2—2 External costs for electricity production in UK 

                                                 
16 “European Sustainable Electricity; Comprehensive Analysis of Future European Demand and Generation 
of European Electricity and its Security of Supply” http://www.eusustel.be/results.php 
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4 Literature review on private and external costs for Germany and 
Austria 

4.1 Austria (USTUTT/IER) 
    

4.1.1 Principal literature and results 
Private costs 
To assess private costs of new power plants the results reported in “Projected Costs of 

Generating Electricity- 2005 Update”17 are reviewed. 
This is a report on generation costs of different technologies. Cost data provided by the 

experts were compiled and used by the joint IEA/NEA Secretariat to calculate generation costs. 
Cost data were provided for more than 130 power plants. This comprises 27 coal-fired 

power plants, 23 gas-fired power plants, 13 nuclear power plants, 19 wind power plants, 6 solar 
power plants, 24 combined heat and power (CHP) plants using various fuels and 10 plants based 
on other fuels or technologies. 

The technologies and plant types covered by the present study include units under 
construction or planned that could be commissioned in the respondent countries between 2010 
and 2015, and for which they have developed cost estimates generally through paper studies or 
bids. 

Electricity generation costs calculated are busbar costs, at the station, and do not include 
transmission and distribution costs. Investment costs, operation and maintenance and fuel are 
considered. 

Projected generation costs calculated with generic assumptions at 5% or 10% discount 
rate (USD of 1 July 2003/MWh) are reported in the Table 4.1—118. 
 

Wind Hydroelectric CHP 
Discount rate Discount rate Discount rate 
5% 10% 

Plant type/emission 
control equipment incl. 

in costs 5% 10% 

Plant type/emission 
control equipment incl. 

in costs 5% 10% 

Plant type/emission 
control equipment incl. 

in costs 
86.8 115 New/Onshore 59.7 101 Run of the river 43.2 53.9 Gas/CCGT/SCR, de SOx 

     40.5 63.5 Small hydro 123.5 144.4 Biomass/ESP 
            50.6 55.2 Gas/CCGT/LNB, SCR 

Table 4.1—1 Projected generation costs in USD of 1st July / kWh 
 

External costs 
In the external costs evaluation mainly classical air pollutants and GHG are considered 

(ExternE Methodology). The external costs of currently functioning power plants, which are 
reported in the Table 4.1—2, are from the European Commission (2003) “External Costs 

                                                 
17 The report was published by Nuclear Energy Agency, International Energy Agency, Organisation For 
Economic Co-Operation And Development. It is available on line at the following address:  
http://www.iea.org/Textbase/publications/free_new_Desc.asp?PUBS_ID=1472 
18 The data reported are taken from Table 3.13, Table 3.14, Table 4.5, Table 4.6, Table 5.2 of the selected 
data sources. 
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Research results on socio-environmental damages due to electricity and transport”, 
Directorate-General for Research. 

 
Coal& 
Lignite Oil Gas Nuclear Biomass Hydro PV Wind €-Cent 

per kWh #na #na 1 to 3 #na 2 to 3 0.1 #na #na 

Table 4.1—2 External costs for electricity production in Austria 

 

4.2 Germany (USTUTT/IER) 
  

4.2.1 Principal literature and results 
Private costs 
The technologies and plant types covered by the presented study include units under 

construction or planned that could be commissioned in the respondent countries between 2010 
and 2015. The literature source for this review is “Projected Costs of Generating Electricity- 
2005 Update”.19  

This is a report on generation costs of different technologies. Cost data provided by the 
experts were compiled and used by the joint IEA/NEA Secretariat to calculate generation costs. 

Cost data were provided for more than 130 power plants. This comprises 27 coal-fired 
power plants, 23 gas-fired power plants, 13 nuclear power plants, 19 wind power plants, 6 solar 
power plants, 24 combined heat and power (CHP) plants using various fuels and 10 plants based 
on other fuels or technologies. 

The technologies and plant types covered by the present study include units under 
construction or planned that could be commissioned in the respondent countries between 2010 
and 2015, and for which they have developed cost estimates generally through paper studies or 
bids. 

Electricity generation costs calculated are busbar costs, at the station, and do not include 
transmission and distribution costs. Invest. costs, Operation & Maintenance and Fuel are 
considered. 

The Table 4.2—1 and Table 4.2—2 show Projected generation costs calculated with 
generic assumptions at 5% or 10% discount rate (USD of 1 July 2003/MWh)20. 
 

                                                 
19 The report was published by Nuclear Energy Agency, International Energy Agency, Organisation For 
Economic Co-Operation And Development. It is available on line at the following address: 
http://www.iea.org/Textbase/publications/free_new_Desc.asp?PUBS_ID=1472 
20 The data reported are taken from Table 3.13, Table 3.14, Table 4.5, Table 4.6, Table 5.2. 
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Coal Gas Nuclear 
Discount rate Discount rate Discount rate 
5% 10% 

Plant type/emission 
control equipment incl. 

in costs 5% 10% 

Plant type/emission 
control equipment incl. 

in costs 5% 10% 

Plant type/emission 
control equipment incl. 

in costs 

35.2 40.9 PF/dust, FGD, SCR 49 50 CCGT/SCR 28.6 42.1 Reactor type: PWR 
fuel cycle option: OT 

40.6 49.3 IGCC/dust, 
desulphurisation       

48.2 59.1 IGCC/dust, desulph., 
CO2 capt.       

29.5 37.7 PF, lignite/dust, 
desulphurisation       

Table 4.2—1 Projected generation costs in USD of 1st July 2003 / kWh for coal, gas and nuclear 
 

Wind Solar Hydroelectric CHP 
Discount 

rate 
Discount 

rate 
Discount 

rate 
Discount 

rate 

5% 10% 

Plant 
type/emission 

control 
equipment 

incl. in costs 
5% 10% 

Plant 
type/emission 

control 
equipment 

incl. in costs 
10% 5% 

Plant 
type/emission 

control 
equipment 

incl. in costs 
10% 5% 

Plant 
type/emission 

control 
equipment 

incl. in costs 

71.7 94.8 New/Offshore 288 427 Solar PV – 
Residential 83.2 146 Small hydro 36.7 46.9 

Coal/ST 
extraction/ 

dust, desulph., 
SCR 

84.1 112 New/Onshore 411 609 Solar PV – 
commercial    38.8 45.7 

Coal/ST back-
pressure/ dust, 
desulph., SCR 

62.6 83 New/Onshore       48.8 52.2 Gas/CCGT 
extraction/SCR 

         42.9 45 
Gas/CCGT 

back-
pressure/SCR 

         63 71.4 Biogas/engine/ 
Table 4.2—2 Projected generation costs in USD of 1st July 2003 / kWh for renewables 

 
External costs 
Mainly classical air pollutants and GHG are considered (ExternE Methodology). 
The Table 4.2—3 reports the external costs of currently functioning power plants as are 

reported in the “External Costs Research results on socio-environmental damages due to 
electricity and transport”, which was edited by Directorate-General for Research, European 
Commission in 2003. 
 

Coal& 
Lignite Oil Gas Nuclear Biomass Hydro PV Wind €-Cent 

per kWh 3 to 6 5 to 8 1 to 2 0.2 #na #na 0.6 0.05 
Table 4.2—3 External costs for electricity production in Germany 

 
The external costs calculations include all life cycle stages but no distinction between life 

cycle stages is available.   
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The Table 4.2—4 reports the external costs of new power plants as are estimated by the 
ExternE-Pol project (2004)21 

 
 

Oil Natural 
gas Coal Hydro Nuclear Biomass PV Wind €-Cent 

per 
kWh #na 0.9 2.2 to 2.8 #na #na 0.8 to 2.8 #na #na 

Table 4.2—4 External costs for electricity production in Germany 
 

The external costs calculations include all life cycle stages. In Figure 4.2—1 and Figure 
4.2—2 the shares of different life cycle stages and pollutants are displayed. 
 

 
Figure 4.2—1 External costs of fossil- and bio-fuelled power stations at different life cycle stages [Euro-

Cent/kWhe], using German damage costs for the life cycle stage operation and average damage costs of EU15 
for the rest. 

 
 

                                                 
21 Roberto Dones, Thomas Heck, Christian Bauer and Stefan Hirschberg, Paul Scherrer Institut (PSI), 
Villigen, Switzerland, Peter Bickel and Philipp Preiss, Universität Stuttgart, Stuttgart, Germany, Luc Int 
Panis and Ina De Vlieger, VITO, Belgium “Extension of accounting framework and Policy Applications”, 
ExternE-Pol, (Contract N° ENG1-CT-2002-00609), Final Report on Work Package 6, New energy 
technologies, 2004. It is available at the following address http://www.externe.info/exterpol.html    
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Figure 4.2—2Contribution percent to external costs of electricity systems by pollutant, using German damage 
costs for the life cycle stage operation and “adjusted” damage factors for EU15 for all other life cycle stages. 

 
 

 

5 Literature review on private and external costs for Baltic 
countries 

5.1  Estonia (LEI) 
 

5.1.1 Overview of electricity production in the country 
The Republic of Estonia is located in North-western part of flat of East-European plain, 

remaining entirely within the drainage area of the Baltic Sea. It lies between latitudes 57.30 N and 
59.49 N and 21.46 E and 28.13 E. To the west and north, it has long coastline on the Baltic Sea, 
which is characterized by numerous bays, peninsulas, and straits between islands. The total area 
of Estonia is 45 216 km2 including the two largest islands, Saaremaa and Hiiumaa. The area is 
comparable with that of Denmark and The Netherlands, Estonia is a low country, and its highest 
point reaches a mere 318 meters. Estonia is one of the smallest and least populated countries in 
Europe – its total population is 1,358,644 inhabitants). The population density in Estonia is 31.8 
inhabitants km2. Nearly 70% live in urban areas and 49% in five largest cities: Tallinn (415300), 
Tartu (101 000), Narva (74600), Kohtla-Järve (52600) and Pärnu (52000). 

The Estonian currency, the Kroon (EEK), has an exchange rate of 15.6466 Estonian 
Kroons to the Euro (a fixed rate from the 1999). In 2005, the GDP was 18 billion USD, which 
corresponds to 13.9 thousands USD per inhabitant (in fixed prices of US$ 2000). 

Estonia is the only country in the world to use oil shale as its major primary source of 
energy. Oil shale is a solid fuel with a low calorific value and high ash content. Oil shale is mined in 
the north-eastern part of Estonia. Wood is another important primary energy resource — more than 
half of the territory of Estonia is forested. The third important indigenous fuel is peat. The structure 
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of primary energy supply in 2005 is presented in Figure 5.1—1. In 2005 oil shale amounted to 
almost 60%, oil products to 18%, natural gas to 16%. 

 

Oil products
18%

Natural gas
16%

Coal
2%

Oil shale
57%

Peat and wood
7%

 
Figure 5.1—1 Structure of primary energy supply in Estonia, 2005 (5.6 Mtoe) 

 
The dominating part of primary energy used in Estonia is of domestic origin. Imported fuels 

(natural gas, fuel oils, coal, motor fuels, Russian oil shale, liquid gas) made up in fuels used in 
2005 only 34% (electricity produced from oil shale imported from Russia is sold back to Russia). 
The share of renewable energy sources reached 7%, wood fuels formed main part of it. From the 
energy of primary fuels 43% was used for the electricity production, 24% for heat production, 15% 
for the production of secondary fuels, 2% as raw material in industry and 16% for immediate final 
consumption. 

In 2005, a major part (84%) of the primary energy supply was used in conversion 
processes. Approximately half of the converted primary energy was used for electricity generation, 
and the rest for heat production (21%) and to manufacture secondary fuels — mainly shale oil and 
peat briquettes. A total of 10.7% of primary energy was used by the energy sector, used for non-
energy purposes and lost in transmission and transportation processes, leaving 5.2% of the 
primary energy for direct final consumption. 

The efficiency of primary energy utilisation (the ratio of final energy consumption to the 
primary energy used) is relatively low in Estonia, making 57% in 2005. This index is lower than in 
neighbouring countries mainly therefore, that Estonia does not have large hydro electric plants and 
over 90% electrical energy is produced by condensing steam power stations, efficiency of which is 
approximately 30%. Efficiency index of energy sector is reduced also by losses in electricity and 
district heating networks and by the export of converted energy (electricity, shale oil and shale 
coke, peat briquette, wood chips). National goal in this field is continuous raise of the efficiency of 
energy sector and efficient as possible use of energy.  

In 2005 the final energy consumption in Estonia amounted to 2.9 Mtoe. The structure of 
final energy consumption in 2005 is presented in Figure 5.1—2. In 2005 the final energy 
consumption structure by fuels was the following: manufacturing – 22%, households – 36%, 
transportation – 26%, agriculture – 4% and commercial -12 %. 
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Manufacturing
22%

Agriculture
4%

Commercial
12%

Transportation
26%

Households
36%

 
Figure 5.1—2 Final energy consumption by sectors in Estonia, 2005 

 
The Estonian electricity sector is organised around Eesti Energia AS (Estonian Energy 

Ltd), which was established as an independent company in 1998 on the basis of the former state 
enterprise Eesti Energia and its subsidiaries. At present, the Eesti Energia Group incorporates a 
total of 23 companies, including enterprises that mine oil shale. Eesti Energia AS is a 100% state-
owned vertically integrated public limited company, engaged in power generation, transmission, 
distribution and sales, as well as in other power-related services throughout almost all of the 
country. Nevertheless, some privately owned companies deal with generation (small-scale 
combined heat and power (CHP), mini hydro and wind turbines, and also some industrial CHP 
plants), as well as with the distribution of electricity. In total, the power plants of Eesti Energia AS 
generate approximately 98% of the electricity in Estonia. The installed capacities of Estonian power 
sector are given in Table 5.1—1.  
 

Power plant Installed capacity, MW Fuel 
AS Narva Elektrijaamad 2700 Oil shale 
Iru Power Plant 190 Natural gas/HFO, oil shale 
AS Kohtla-Jarve Soojus 67 Oil shale 
Other power plants 62 Hydro, wind 
Total 3019  

Table 5.1—1 Installed capacities of the Estonian energy sector in 2005, MW 

 
The generating capacity based on renewable sources includes only 3.8 MW of 

hydropower and 2.5 MW of wind turbines. According to the EU acquis, the unbundling of electricity-
related core activities is one of the underlying conditions for the formation of an open electricity 
market. For the most part, other elements of the Estonian power system — transmission and 
distribution networks — are owned and operated by the Eesti Energia Group also. In Estonia, the 
legal separation of the main activities in the power sector was carried out in 2004 only. OÜ 
Põhivõrk (National Grid Ltd) started operations on 1 April 2004 with the task of electricity 
transmission, via 110–330 kV lines and substations, and technical management of the grid. The 
national grid consists of 136 substations and 5215 km of transmission lines. OÜ Jaotusvõrk 
(Distribution Network Ltd), as a separate legal entity, was started on 1 July 2004 with the task of 
distributing electricity to consumers at voltage levels up to 35 kV. The distribution network consists 
of 17 231 substations and 60 368 km of distribution lines. The share of OÜ Jaotusvõrk in the 
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distribution and sales of electricity in Estonia is approximately 90%. Some years ago there were 80 
small distribution network enterprises besides Eesti Energia AS networks. According to the new 
Electricity Market Act, in force since 1 July 2003, the requirements and responsibilities set for 
network operators have become significantly stricter and therefore Eesti Energia AS has acquired 
30 networks and took over more than 4800 clients.  

At present, there are still 41 small privately owned distribution enterprises, of which the 
largest are Fortum Läänemaa Ltd and Narva Elektrivõrk Ltd. As regards international connections, 
the Estonian electricity market is well developed — it is interconnected with the power systems of 
Russia, Latvia and Lithuania. There are plans for a connection to the Nordic power system 
(Nordel). A project for a submarine cable link to Finland is in the preliminary preparations phase. 
The objective is to build a 350 MW highvoltage, direct-current connection (HVDC link) via the Gulf 
of Finland. The project is promoted by Pohjolan Voima Oy, Helsinki Energy, Eesti Energia AS, VAS 
Latvenergo and AB Lietuvos Energija. The planning of the project has been ongoing since 1998, 
when the first feasibility studies were carried out, followed by in-depth studies into the design of the 
cable route and direct-current substations, studies of the land and sea routes, as well as technical 
studies and preliminary design. 

There are a number of small (mini and micro) hydroelectric power plants. The capacity of 
the largest plant (Linnamäe) is 1.1 MW. The installed capacity of all hydro plants is 3.8 MW and 
production volume was 20 GWh in 2005. There are some wind turbines, with a total capacity of 2.5 
MW and production of 55 GWh (2005). Compared to 2000, the production of hydro energy 
increased almost 3 times. 

Regarding electricity, Estonia is a net exporter: in 2005 its net export amounted 1608 
GWh. Generated electricity was exported, mainly to Latvia, but also to Russia. Estonia’s 
dependency on imported energy sources is approximately 40%.  

The state owned power utility AS Eesti Energia is the main power producer in Estonia 
(over 97%). The rest belongs to different independent power producers (IPP) or industries. The 
power transmission network is 100% state owned and the distribution networks are mostly state 
owned, only three small networks have been privatised. Electricity consumption and production 
structure is presented in Table 5.1—2.  
 

 1990 1995 1996 1997 1998 1999 2000 2001 2002 2005 

Production 17181 9152 8693 9103 9218 8521 8268 8483 8527 10205 

Import-export -7032 -1191 -760 -860 -974 -390 -596 -929 - 622 -1608 
Own use in plants 

1733 1146 1086 1116 1153 983 916 922 893 
1091 

Losses 1147 1527 1773 1710 1510 1569 1470 1240 1361 1543 
Final consumption 7299 5288 5074 5417 5581 5579 5286 5422 5607 5963 
Manufacturing 3534 2209 2063 2286 2598 2362 2206 2259 2263 2091 
Agriculture 2006 434 366 341 247 269 247 224 204 222 
Households 881 1270 1067 1234 1205 1349 1363 1466 1585 1620 
Transportation 174 194 191 183 108 113 94 93 84 103 
Other sectors 704 1181 1387 1373 1423 1486 1376 1380 1471 1927 

Table 5.1—2 Electricity production and consumption structure dynamics in Estonia, GWh 
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In Figure 5.1—3 the share of fuels for electricity production is presented. As seen from 
Figure 3, the share of oil shale, our local fossil fuel is up to 93.6% from total fuels, used for power 
production.  

Oil-shale
93,55%

Wood waste
0,26%

Natural gas
3,30%Other fuel

2,56%

Shale oil
0,33%

 
Figure 5.1—3 Share of fuels for electricity production in 2005 

 
The Estonian oil shale as a fuel is characterized by a high ash content (45 - 50%), 

moderate moisture (11 - 13%) and sulphur contents (1.4 - 1.8%) and a low net calorific value (only 
8.3-9 MJ/kg).). The production of oil shale in Estonia peaked in 1980 and fell by 8 Million tons from 
1980 to 1990. The decrease in oil shale production is caused by several processes ongoing in the 
Estonian economy. The most important was a rapid decrease in energy export to Russia and 
Latvia and changes in the structure of primary fuel consumption. 

The distribution of electricity consumption between end-users is shown in the Figure 
5.1—4. 

 

Peat 0,02
Disel oil 0,01

electricity 2002
Manufacturing 35
Agriculture 4
Transport 2
Households 27
Business and public service 32

100

0,33%

Manufacturing
35%

Transport
2%

Households
27%

Business and 
public service

32%

Agriculture
4%

 
Figure 5.1—4 Electricity consumption by sectors in 2005 (5963 GWh) 

 
During the latest years the power consumption by agriculture and transport sector has 

decreased, and the share of business and public service sector has increased. 



 

CASES – COSTS ASSESSMENT FOR SUSTAINABLE ENERGY MARKETS 

PROJECT NO 518294 SES6 

DELIVERABLE NO. D.6.1 

 

 69 

The energy sector is the biggest environment polluter in Estonia. Energy sector 
generates most of the emission of pollutants to the atmosphere (CO2, NOx, SO2, NMVOC, etc) and 
a number of other harmful environmental effects, in particular in the extraction phase of fossil fuels. 
State energy policy must ensure application of proper measures for reduction of sector’s 
environmental impact, for implementation of environment protection goals resulting from legal acts, 
various agreements and conventions. The primary goal of the pollution level reduction arises from 
the Estonian Environmental Strategy, according to which the amount of SO2 pollution must be 
reduced by the year 2005 by 80% compared with the level of 1980 and the amount of particles by 
25% compared with year 1995 and stabilise by the year 2000 the pollution amount of nitric 
compounds on the level of 1987, continuing their further reduction. 

By the bilateral agreement, signed in June 1993 between Estonia and Finland, Estonia 
must reduce its SO2 emission by 80% compared to the level of 1980; the emission of NOx must not 
exceed the level of 1987. The emissions of sulphur dioxide from Estonia PP and Balti PP together 
were totally 190 259 tons in 1980. The upper limit of the sulphur dioxide pollution for the power 
plants of Narva Elektrijaamad Ltd is 38052 tons in 2005. Actual emission amounts have been in 
1999 – 66 994, in 2000 – 68 794 and in 2001 – 64721 tons. To reach the reduction of SO2 pollution 
prescribed by the Environmental Strategy renovation at least of two power units is required. For 
realisation of the Government’s Regulation No. 623-k from 25.07.2000 “On the approval of state 
program on the reduction of air pollutants from major for 1999 – 2003” (RTL 2000, 88, 1338) unit 
No. 8 of Estonia PP is in renovation at present with a term on March 31, 2004. Estonia obtained a 
transition period from EU for the level of sulphur binding stated by the item 4(3) of the Directive 
2001/80/EC Appendix III (limit values of SO2 pollution) part A (solid fuels) for existing combustion 
installations burning oil shale. European Union accepted the transition period up to December 2010 
for the Ahtme PP of Kohtla-Järve Soojus Ltd and up to December 31, 2015 for Balti and Eesti 
power plants of Narva PP Ltd and for the Kohtla-Järve PP of Kohtla-Järve Soojus Ltd. On other 
combustion installations the power production capacities will be adjusted by accession date. 
Estonian intention to close old TP-17 type boiler of Balti PP at latest by January 1, 2008 was fixed 
as well. Also on the combustion installations involved to the transfer period sulphur binding level of 
65% must be warranted ant the solid particle waste must not exceed the limit value 200 mg /Nm3.  

Estonia signed the Kyoto protocol in 1998, by which the emission amounts of 
greenhouse gases should be reduced equally with the member states of European Union in 2008–
2012, i.e. by 8% relative to the year 1990. By this goal the total emission of CO2 for years 2008 – 
2012 should be reduced to the level of 34 494 thousand tons of CO2 per year. Actual emission 
level has been for long time already essentially lower.  

 
5.1.2 Evolution of electricity production during the next 25 years 

The main reference source which was used for forecasting evolution of electricity 
production during the next 25 years for Baltic States including Estonia is IAEA Study “Analysis of 
energy supply options and security of energy supply in the Baltic States”, 2006. The energy 
sector optimization model 'Model for Energy Supply Strategy Alternatives and their General 
Environmental Impacts' (MESSAGE) was used for the development and comprehensive 
assessment of various future energy system development scenarios until 2025 based on 
minimization of cost of energy supply in the Baltic States region, keeping emissions below 
environmental limits and achieving required security of energy supply. MESSAGE can analyse the 
development of a country's energy system along the energy-conversion chain, including all 
processes, from primary energy extraction or import to the supply of final energy in different end-
use sectors. The energy system models of these three countries are linked to represent a multi-
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regional model, which also takes into account existing and possible new links with other countries. 
Linking is done by modelling the exchange of various fuel and energy forms between the Baltic 
countries themselves and other countries. 

The mathematical model MESSAGE can be characterised by the following properties: 
• It is an energy supply model that represents the energy conversion and utilization 

processes of the energy system, as well as the environmental impacts for an 
exogenously given demand of final energy. 

• It is an optimisation model that, from a set of existing and possible new technologies, 
selects the optimum mix (in terms of total system cost) to cover a given demand in 
each country for various energy forms during a selected study period. 

• The mathematical method used in the model is linear programming. 
• A techno-economic or engineering approach is applied. This means that the model 

represents the energy system by its technological structure, and aims to optimise 
this structure. 

• It allows the development of energy strategies up to 2025; however the analysed 
period is up to 2045. The time horizon is limited by the technological orientation of 
the approach, because of the uncertainties associated with future technological 
development. The energy system dynamics is modelled by a multi-period approach. 
Milestone years for the time period are 2000, 2002, 2004, 2005, 2008, 2010, 2015, 
2020, 2025, 2035, and 2045. 

• It takes into account demand variations of electricity, heat and gas during days, 
weeks and seasons, as well as different technological and political constraints of 
energy supply. 

• It is an energy and environmental model that enables an integrated analysis of the 
energy sector development and its environmental impacts. 

• The 7 major scenarios were developed in IAEA Study “Analysis of energy supply 
options and security of energy supply in the Baltic States”, 2006 based on several 
assumptions: 

• Scenario 1N:  National Self-sufficiency Scenario, 
• Scenario 1R: Regional Self-sufficiency Scenario – BASE CASE SCENARIO, 
• Scenario 2R: Regional Scenario with Cross-Boarder Power Exchanges – 

INTERLINKS, 
• Scenario 3R: Regional Scenario with Enhanced Security of Gas Supply – GAS 

STORAGE, 
• Scenario 4R: Regional Scenario with Gas Supply Limitation 25% (4R), 30% (4Rc), 

20% (4Ra), 
• Scenario 5R: Regional Scenario with Prolonged Operation of IGNALINA NPP Unit II 
• Scenario 6R: Regional Scenario with FUEL DIVERSIFICATION. Ignalina NPP (6Ra) 

after 2010, Coal-fired plant in Latvia (6Rb) after 2010, Ignalina NPP and coal-fired 
plant in Latvia after 2010 (6R), 

• Scenario 7R: Regional Scenario with different ENVIRONMENTAL TAXES (5 EUR/t 
(7Ra), 10 EUR/t (7Rb), 20 EUR/t  (7R) from 2008 ). 

• The peculiarities of Estonia in the reserves and utilisation of primary energy could be 
summarised as follows: 

• Share of domestic energy sources in energy reserves and balance of primary energy 
is high, basing mainly on the oil shale. It gives considerable strategic independence 
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in electricity supply (the share of imported energy sources about 1/3, in states of 
European Union about 2/3 in average); 

• Reserve of the biomass is biggest among renewable energy sources, from which 
wood fuels are mainly used so far; wind energy is perspective source in future; 

• Supply of fuels and energy as a whole satisfies customers basic needs and there 
should be no fear of rapid exhausting of domestic energy sources; 

• Supply of natural gas originates from one country only. 
• For the safeguarding of national service reliability and economic growth it is 

necessary; 
• To continue to give priority to domestic energy sources. It is essential to reduce 

thereby the share of fossil fuel in energy balance, increasing attention to the 
utilisation of renewable energy sources (keeping to the economical rationality); 

• To import fuels at least from two different countries if possible. 
 
The base year for modelling in IAEA study was 2004. The time horizon is 2025. The 

results of BASE CASE SCENARIO are presented further. Electricity generation in Estonia is, to a 
large extent, based on local fuel (i.e. oil shale), which is used at the Eesti and Balti power plants. 
Until 2004 only the old units at these power plants were in operation and their generation was in 
the range 6.96–6.98 TWh. In 2004 electricity generation from the old units decreased because one 
modernised unit came into operation. In subsequent years, electricity generation from the old units 
is expected to grow again because of increasing electricity demand in the region, although the 
majority of the increase is due to the closure of the first unit at the Ignalina NPP in Lithuania. The 
reduced capacity of the NPP requires increased electricity generation from dirty and inefficient but 
cheap (using local fuel) generating units of the Balti and Eesti power plants. From 2010, electricity 
generation from the old units decreases rapidly because of a renovation process that continues 
until the end of 2014. 

From 2015 only the renovated units at the Balti and Eesti power plants will produce 
electricity in Estonia having completely replaced the old units. The calculations show that electricity 
generation at the renovated units increases from 1.53 TWh in 2004 to 10.43 TWh in 2015 and 
10.76 TWh in 2025. 

The largest input from the Iru CHP plant to electricity generation in Estonia is expected 
during the renovation period of the existing units at the Balti and Eesti power plants. Its contribution 
in the period 2005–2009 is 0.78–0.93 TWh and in 2010–2014 it is 1.3 TWh. Later this decreases to 
below 1.1 TWh. New CHP plants will also contribute significantly to electricity generation in 
Estonia. Their output increases from 0.2 TWh in 2005 to 3.4 TWh in 2025, of which the new Ahtme 
CHP plant, based on oil shale and wood-waste, will contribute 0.2 TWh. Other CHP plants mainly 
use natural gas. In 2025, a new combined cycle gas turbine (CCGT) power plant will come on line 
in Estonia and its generation will be 3.3 TWh. The contribution of other power plants in Estonia is 
negligible. 

Electricity exports to Latvia, and even to Lithuania, will be significant during some 
periods. The largest exports (2.8–4.4 TWh) to these countries will take place after the first unit of 
the Ignalina NPP closes, but only until 2010. From 2010, until the Balti and Eesti power plants are 
renovated, electricity export from Estonia will be limited, mainly due to environmental constraints. 
After renovation of the old units, atmospheric emissions will no longer be a binding factor and 
Estonia will again export electricity, which in 2015 reaches 3.2 TWh. In the following years, exports 
gradually decrease because of the growing demand in Estonia, and by 2025 it will be only 1.8 
TWh. Only two fuels are significant for electricity generation in Estonia. Oil shale is the dominant 
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energy source during the study period. The share of electricity generated from oil shale remains in 
the range 61.5–92%. Electricity from natural gas varies from 6.8% to 29% of the total generation in 
Estonia. The contribution of other fuels is very small, but electricity generation from renewable 
energy sources (RES) increases from 4 GWh in 2000 to 0.9 TWh in 2025. This increase 
guarantees that 5.8–6.4% of total electricity generation in Estonia in the period 2010–2025 comes 
from RES. 

Power plants that run on local fuel-oil shale are typical for the Estonian power system. 
Major parts of the existing older units are gradually renovated to maintain reliability and 
environmental standards and to build the core of the power system. Their installed capacity in the 
period 2000–2009 is in the range 1975-2300 MW but decreases to about 1570 MW in 2010–2014 
and to 1350–1380 MW for the remainder of the study period. This capacity decrease mainly relates 
to the decommissioning of old 100 MW units, for which rehabilitation is not foreseen because of 
their technical condition. 

Given the CHP units at the Balti and Eesti power plants, CHP capacity is gradually 
increasing in Estonia. In 2000 it was 536 MW and in 2025 it is 755 MW. However, older units will 
gradually be removed from service and replaced by new ones. The new CCGT units will be ready 
in Estonia only at the end of the study period. The installed capacity of Estonian power plants 
satisfies capacity demand only to 2020, while electricity generation is always greater than total 
domestic demand. This means that Estonian oil-shale power plants run in a base regime and 
export base load electricity, while peak load electricity is partly imported. 

The main energy supply options for Estonia up to 2025 are the following: 
• Refurbishment of oil-shale power plants  
• Conversion/replacement of DH boilers to/with CHP 
• CFBC Circulating fluidized bed combustion (oil shale) CHP (coal) 
• CHP (imported coal)  
• CHP biomass/peat  
• CCGT & gas turbines  
• Wind  
• Mini & micro hydro  
General conclusions based on modelling results for Estonia include the following: 

Regarding electricity generation which is projected to double by 2025, Estonia will maintain its 
national self-sufficiency (if rehabilitation of aged oil shale-fired capacities are completed on 
schedule) and in most conditions could still export electricity to other Baltic countries, especially 
Latvia. Further opportunities for export to Scandinavia are likely to result from completion of the 
power link between Estonia and Finland. The dominance of oil shale in the generating mix will 
continue but will decline. Continued oil shale generation will require the full refurbishment of these 
plants by 2016 and the installation of circulating fluidized bed combustion (CFBC) technologies to 
reduce SO2 emissions in order to meet legislated limits (25 000 tonnes of SO2 per year). Combined 
cycle natural gas turbines (CCGT) will also be attractive additions to the generating mix. Coal-fired 
power generation will not be able to compete with oil shale under any envisioned circumstances. 
The share of renewable electricity could be increased to 5.1% of gross inland supply. However, 
without subsidies or higher feed-in tariffs for renewable electricity, biofuel-based CHP technology is 
more economically attractive than wind power. The main difference between a national and 
regional perspective concerns the use of domestic oil shale: In a national context oil shale would 
be the preferred export commodity, while in a regional context it would be used for electricity 
generation. However, the ability to maintain a consistent level of exports at least in the near term 
will depend on the ability to resolve a number of potential operational difficulties on the national 
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power system. First, maintaining a higher generation level would require, for the period 2008–2010, 
continued operation or resumption of service by older oil shale plants in need of refurbishment. Big 
fluctuations in demand for exports could put a strain on these older units, resulting in additional and 
unforeseen maintenance costs. 

There are two factors that could alter this scenario: a steep rise in fees for CO2 
emissions, and greater regional integration. CO2 emission fees of 20 €/tonne or higher by 2010 
would have a major impact on the generating mix and export potential for Estonian electricity. 
While oil shale generation will still dominate the domestic generation mix, generating costs would 
rise to a level that would render electricity exports uneconomic. Instead, the production and export 
of oil shale could become more attractive (if there is still a market for oil shale in a carbon 
constrained world). In fact, a large deficit in domestic electricity generation would develop by 2010, 
requiring the import of more than half of Estonia’s requirements for electricity. Most of the peak 
capacity deficit would be covered by Latvian hydropower imports. Estonia would export base load 
electricity to Latvia and import peak load electricity from Latvia. In the period 2010–2014, restarting 
old oil shale power units could ease the supply situation and by 2015, CCGT units could be in 
operation. It is evident form the analysis that higher CO2 emissions fees fundamentally change the 
structure of Estonia’s power generating sector. 

Final consumer prices for electricity during the study period (2005–2025) are expected to 
approximately double, with slightly higher prices in the case of a high CO2 tax, and slightly lower 
prices when considering regional integration. As a final note, this current study focused on 
development options in the power sector, but the modelling exercise modelled all energy related 
sectors. The general optimum for the Estonian energy system is not always necessarily congruent 
with optima generated for individual sub-sectors, like power generation. Similarly, the general 
regional optimum does not correspond exactly to national optima in all three countries. While full 
energy system modelling may not be needed for making choices in the power generation sector, 
modelling a general optimum is useful for governments in harmonising planning and development 
among energy sub-sectors. 

 
 

5.1.3 Principal literature and results 
Private costs 
Private costs are derived from “Economic analyses in the electricity sector in 

Lithuania” published by COWI and LEI in 2002. The estimations are reported in the Table 5.1—3. 
 

5.1.4 Type of power 
plants 

Private costs of currently 
functioning 

Private costs of new power 
plants and CHP 

Oil shale condesing PP  1.855 EURcnt/kWh  
Gas combined cycle PP  3.976 EURcnt/kWh  
Gas turbine  2.918 EURcent/kWh 
Gas CCGT  1.456 EURcent/kWh 
Wind, on shore  3.0 EURcnt/kWh.  

Table 5.1—3 Production costs of electricity22 

 
The private costs calculations are based on the reference methodology adopted in 

"Projected costs of generating electricity. 2005 Update", which is the levelised lifetime cost 
                                                 
22 Table A.1.1 page 103 in study "Economic analyses in the electricity sector in Lithuania", COWI, LEI, 
2002. 



 

CASES – COSTS ASSESSMENT FOR SUSTAINABLE ENERGY MARKETS 

PROJECT NO 518294 SES6 

DELIVERABLE NO. D.6.1 

 

 74 

approach. This approach includes annualized investment cost calculated for 1 kWh of electricity 
sold from power plants, operation and maintenance costs and fuel costs.   

The calculations use the following generic assumptions for the main technical and 
economic parameters: 

 economic lifetime: 40 years, 
 average load factor for base-load plants: 85%, 
 discount rate: 5%.  

The operation and maintenance investments costs were assumed to be constant during 
the lifetime of PP and fuel costs were evaluated based on 3 energy price development scenarios 
(low, high and very high fuel prices). 

The estimations on private costs reported in the Table 5.1—3 are confirmed by the 
following more recent publications: 

1. IAEA Study “Energy supply options for Lithuania. A detailed multi-sector  
integrated energy demand, supply and environment analysis”, 2004;  

2. IAEA Study , “Analysis of energy supply options  and security of energy 
supply in the Baltic States”,  2006.  

 
External costs 
The data on external costs were derived from “Internalizing of external costs in 

electricity generation23. As reported in the Table 5.1—4, the external costs of currently 
functioning fossil fired power plants are between 8.1 and 8.8 EURcnt/kWh for oil shale condensing 
PP.  

 
Type of power plants External costs EURcnt/kWh Oil shale condesing PP 8.1 - 8.8 

Table 5.1—4 External costs for energy production in Estonia 

 
The external costs provided for Estonia are oil-shale based electricity generation costs at 

Narva PP and are calculated based on analogy with Damage costs (EUR/t) estimated in the 
ExternE-Pol project in respect of major air pollutants and fuels at the brown coal-fired power plants 
in Czech Republic and Poland. They include external costs of CO2, SO2, NOx, Particulates 
and Heavy metals releases into atmosphere.  

In the ExternE-Pol (2004) ExternE methodology, which was applied for Czech Republic, 
Poland and Hungary, investigations involved the effect of air pollution on human health, agricultural 
crops, building materials and climate change mitigation (costs of the compliance with Kyoto 
targets). External costs were calculated using the EcoSense model for evaluation of the regional 
pollution effect of power plants (up to 1000 km from the source of pollution) accounting for over 90 
percent of the external costs of air pollution by power plants. The effect of local pollution (up to 50 
km from the source of pollution) was calculated by means of a simplified model. 

 
  

                                                 
23 Kareda, T. Kallaste, K. Tenno, A. Laur, Ü. Ehrlich. Internalizing of external costs in electricity 
generation// Oil Shale, 2007, Vol. 24, No. 2, p. 175-188. 
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5.2 Lithuania  (LEI) 
 

5.2.1 Overview of electricity production in the country 
The Republic of Lithuania, located on the south shore of the Baltic Sea, regained its 

independence in 1991 after the break-up of the former Soviet Union. Population in Lithuania is 
about 3.4 million (2005). The density of population is 56.6 inhabitants/km2. Lithuanian territory is 
65.3 thousands km2 and it is bordered by Latvia to the north; Belarus to the east; Belarus, Poland, 
and Russia (Kaliningrad) to the south; and the Baltic Sea to the west. The Lithuanian currency, the 
litas is related with EUR (1 EUR = 3,4278 Lt). The GDP (based on purchasing power parity) was 
41.4 billion USD or 12.2 thousand USD per capita in 2005. 

Lithuania is a very dependent country in terms of energy resources. In 2005 only about 
14% of primary energy requirement was covered by domestic resources. The remaining part of 
primary fuels was imported from neighboring countries, mainly from Russia - all crude oil, natural 
gas and nuclear fuel are imported from this country. There is good interconnection with neighboring 
countries by both electrical grid and gas pipelines, and supply of crude oil is also available via 
pipeline from Russia or via two existing oil terminals from other countries, including Orimulsion 
from Venezuela. Coal can be supplied by railway from both Russia and Poland. The structure of 
primary energy supply in 2005 is presented in Figure 5.2—1. 

 

Natural gas
28%

Nuclear
30%

Renewables
9%

Solid fuel
3%

Oil products
30%

 
Figure 5.2—1 Structure of primary energy supply in Lithuania, 2005 (9.2 Mtoe) 

 
The share of gas in primary energy amounted to about 28% in 2005. Gas is imported 

into Lithuania by means of a pipeline from Belarus, which was commissioned in 1975. It connects 
the Lithuanian gas network by means of a pipeline of 1200 mm of diameter, with the “Northern 
Lights” pipeline transporting natural gas from Siberian gas fields. Given the existing two 
transmission pipelines to Latvia, there is a good opportunity in the near future to import natural gas 
from the Latvian gas network, via Incukalns and Dobele underground storages, which are the 
largest in Eastern Europe. 

The share of petroleum products in the balance of the country’s primary energy 
resources is quite significant: in 2005 the consumption of oil products by all sectors of economy 
amounted to 2.69 million toe. This constituted about 30% of the total amount of the consumed 
primary energy resources in 2005. The main supplier of petroleum products in the country is the 
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State Refinery “Nafta”, the only one in the Baltic States region. At present its capacity is about 8 
million tons, and in 2005 almost 9.3 million tons of crude oil and other raw materials was 
processed. 

Crude oil is imported from Russia via a line from the main Russian pipeline “Druzba”. 
Crude oil comes almost entirely from the Tyumen oil fields through the double pipeline link of 720 
mm diameter via Novopolotsk in Belarus to the Birzai (Lithuania) pumping station. From there one 
runs to the Mazeikiai Refinery, the other to the Ventspils port in Latvia. Maximum import throughput 
of this pipeline is 16 million tons per year.  

There are two import and export facilities in Lithuania – Klaipeda oil terminal and Butinge 
oil terminal. The Klaipeda oil terminal was built in 1959 and recently modernized. It can be applied 
for export and import of heavy fuel oil, diesel fuel, bitumen and lubricants. Butinge oil terminal is 
constructed for export or import of crude oil. Its capacity is 8 and 6 million tons of crude oil for 
export and import respectively.  

Indigenous oil resources are not very plentiful; however, domestic oil production can be 
continued for several decades, maintaining the annual oil extraction level of 0.3-0.5 million tons. In 
2005 extraction of domestic oil was by about 1.4 times higher than in 1999. For this reason the 
sector of oil and oil products will be further dependent on the import of oil and partly on oil 
products.  

Coal could be supplied from various places of the Russian Federation and also from 
Poland. Lithuania imports coal by railway. Coal is not used in power generation. Before 1990, its 
share was comparatively high (about 20%) in the household sector. During the transition period 
share of coal in the balance of primary energy decreased from 3.7% in 1990 to 0.9% in 2001 and 
now start to rise slowly to 3 % in 2005. The current share of coal in the household sector is slightly 
increasing. 

The share of nuclear in primary energy supply was 30% in 2005. The share of nuclear in 
electricity generation was 70% in 2005 though the first unit of Ignalina NPP was closed in the end 
of 2004 although the first unit was operating very efficiently. 

Lithuania has almost no primary energy resources. In 2005 indigenous energy resources 
(wood, peat, hydro) represented about 8.5% in the primary energy balance (including extraction of 
oil about 13.8%). Their share during the period 1990-2005 increased more than 4 times. 

During the last several years’ energy production from wood, peat, hydro and other 
indigenous resources (except of oil) increased slightly. This increase happened mainly because 
support schemes for and total consumption of primary energy has dropped significantly. 

Final energy consumption by sector in 2005 is presented in Figure 5.2—2. Final energy 
consumption in Lithuania amounted to 5015 Mtoe in 2005. The structure of final energy 
consumption in the same year was the following: manufacturing consumed 31%, transport – 27%, 
agriculture – 2%, residential sector – 28% and services sector – 11% and non-energy use 
amounted to 3% (Lithuanian Statistical Yearbook, 2006). 
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Figure 5.2—2 Final energy consumption by sectors in Lithuania, 2005 (5.2 Mtoe) 

 
Lithuania inherited from its Soviet past a very powerful energy sector, created with large-

scale export possibilities. Lithuania has restructured electricity and heat sectors, separated 
generation, transmission, and distribution and started privatisation in this sector well as. At the 
beginning of the transition period, energy intensity in Lithuania increased because of a decline in 
activity in all sectors of the economy and the significant share of the household and transport 
sectors in the total final energy demand. However, since 1994, energy intensity in Lithuania has 
been decreasing, and in 2005 it was lower in comparison to the 1990 level by 40%. 

Lithuania has inherited from the Former Soviet Union energy systems, which were 
constructed on principles of centralized management of the economy. Independence in Lithuania 
was restored at the same time when essentially new principles of energy sector management have 
appeared in economies of Western countries. Their main idea was unbundling of vertically 
integrated monopolies, establishment of independent companies responsible for energy 
generation, transmission (transportation) and distribution as well as for creation of a free 
competition everywhere if it is possible. 

At the end of 2001, after long discussions Government approved the Draft on 
Restructuring of the SC “Lietuvos energija”, which was split into five new juridically independent 
companies: two electricity generation companies (Lithuanian TPP and Mazeikiai PP), high voltage 
electricity transmission grid (including the main regime controlling devices, Kruonis HPSPP and 
Kaunas HPP) and two distribution companies (Figure 5.2—3) (IAEA, 2006). 

Since January 1st, 2002, radical changes in the Lithuanian power system have been 
introduced. The Law on Electricity entered into force, new and in principle different relationships 
were created and these changes provided for gradual liberalization of the electricity sector. Since 
April 1st, 2002, the Lithuanian electricity market has started operating. The National Control 
Commission for Prices and Energy granted the status of eligible customers to 12 companies 
(consuming more than 20 GWh of electricity) with a right to choose the supplier and to purchase 
electricity from the selected producers. In addition trading of electricity at the auctions was 
launched. 
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Figure 5.2—3 Electricity sector structure in Lithuania 

 
The implementation of a competitive market has been started in the sectors of electricity 

generation and supply, where prices are set in auctions or determined by bilateral agreement 
between the parties. National Control Commission regulates the activities of the transmission 
network operator by setting the price caps for transmission services. The market operator 
organizes trade in electricity according to the Electricity Trading Rules. Distribution companies 
perform two functions: that of a distribution network operator and of a public supplier. The National 
Control Commission sets price caps for distribution services for a three-year period. For the year 
2005 status of eligible customers (consuming more than 9 GWh) was granted to 25 consumers. 
Their share was about 26% of total electricity sale market. Eligible consumers may freely conclude 
electricity contracts with any licensed producer or supplier and pay a set price for the electricity 
transmission and distribution.  In 2005, the electricity trading balance was: 70% by bilateral 
contracts, 12% at auction and 18% as Public Service Obligations. 

Since January 1, 2004, the Government set a new consumption margin (3 GWh) for 
eligible customers, hour-to-our balancing was implemented for electricity export and the automatic 
electricity accounting system was implemented. At the beginning of the year opening of electricity 
market has increased to 40%. And since July 1st, all non-residential customers may be eligible. 
Thus, about 70% of customers (according their share in the country’s electricity balance) can 
choose the supplier. At present there are in Lithuania 28 important market players: SC “Lietuvos 
energija” (it performs functions of Transmission network operator, Market operator and 
exporter/importer of electricity), 8 wholesalers, 3 public suppliers and 16 independent suppliers. It 
was expected that in 2007 opening of the market in Lithuanian will reach 100%. 

Installed and available capacities of Power Plants in Lithuania in 1990 and 2005 are 
presented in Table 5.2—1 (Lithuanian energy institute, 2006). 

 
Power plant Installed capacity Available capacity Type of fuel 
 1990 2005 1300 Nuclear 
Ignalina NPP 3000 1300 1732 Natural gas/HFO 
Lithuanian PP 1800 1800 367 Natural gas/HFO 
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Vilnius CHP 384 384 160 Natural gas/HFO 
Kaunas CHP 170 170 8 Natural gas/HFO 
Petrasiunai CHP 20 9 148 Natural gas/HFO 
Mazeikiai CHP 210 160 10 HFO 
Klaipeda CHP 10.6 10.8 69.8 Natural gas 
Other CHP 61 102.3 760 Natural gas/HFO 
Kruonis HPPS - 900 90 Water 
Kaunas HPP 100.8 100.8 24.8 Water 
Other small HP 5.3 24.8 3.5 Water 
Biogas PP  3.6 1.1 Biogas 
Wind PP  1.1 4557.2 Wind 
Total 5861.9 4966.4   

Table 5.2—1 . Installed and available capacities of Lithuanian power plants, MW 

  
Almost three-quarters of Lithuania's total electricity production is presently generated by 

the Ignalina Nuclear Power Plant. An historical summary of electricity generation and consumption 
structure in Lithuania is shown in Table 5.2—2 and Figure 5.2—4 (Lithuanian Statistical Yearbook, 
2006). 

Natural gas
19%
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7%Hydro and other 
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Figure 5.2—4 Electricity generation structure in Lithuanian in 2005 

 
 1990 1995 1996 1997 1998 1999 2000 2001 2002 2005 
Gross electricity 
production 

28405 13898 16789 14861 17631 13535 11425 14736 17720 14784 

Ignalina NPP 17033 11822 13942 12024 13554 9862 8419 11362 14142 10338 
Public CHP plants 10809 1275 1917 2001 3108 2734 2254 2589 2638 3425 
Autoproducers (CHP) 149 50 56 68 74 79 109 85 160 200 
Kruonis HPPS  378 548 474 478 447 304 375 427 369 
Kaunas HPP 396 357 315 277 391 388 313 284 316 385 
Small HPP 18 16 11 17 26 25 26 41 37 66 
Wind          1.8 
Net import -11975 -2678 -5159 -3525 -6082 -2682 -1336 -3964 -6487 -2966 
Own use in power plants 2109 1541 1683 1563 1684 1586 1385 1522 1647 1201 
HPS water pumping - 517 748 647 654 615 426 517 580 512 
Losses in the network 1552 2008 1779 1585 1519 1330 1281 1416 1426 1220 
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Other Energy Sector 756 799 904 805 939 779 800 871 858 909 
Final consumption 14734 6371 6514 6735 6752 6542 6196 6446 6722 7977 
Manufacturing 8274 2813 2519 2776 2620 2407 2294 2346 2546 2833 
Agriculture 2942 523 501 426 413 226 188 197 188 193 
Households 1767 1499 1606 1720 1743 1886 1767 1818 1811 2141 
Commercial sector 1504 1441 1803 1724 1895 1949 1871 1995 2095 2707 
Transportation 248 96 85 89 81 75 76 90 82 104 

Table 5.2—2 Electricity production and consumption structure dynamics in Lithuania, GWh 

 
The distribution of electricity between end-users is presented in Figure 5.2—5. 
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Figure 5.2—5 Electricity consumption by sectors in Lithuania 2005 (7977 GWh) 

 
Lithuania imports about 90% of its total primary energy requirements and exports mostly 

oil products and electricity. Taking into account the installed capacities of the power system, the 
refinery and oil terminals, energy trade flows might be much larger. However, economic decline in 
neighbouring countries and financial problems limit this activity. 

The current structure of Lithuanian primary energy supply is very favourable in respect to 
GHG emissions. Emissions of the main pollutants (SO2, NOx, NVOC, dust) from fuel combustion 
are quite low and Lithuania meets requirements of all international conventions in the field of 
atmospheric pollution. Nevertheless in the future, when Ignalina NPP will be closed, the share of 
nuclear will be replaced by fossil fuel but it does not mean that GHG emissions would increase so 
significantly (almost 3 times) comparing with current low GHG emission level. 

Though there has been considerable attention devoted to improving the safety of 
Ignalina, and analysts are looking at safety systems, which could allow the plant to operate through 
2025, instead of shutting it down in the 2005 to 2010 time frame, the European Union is concerned 
about the safety of Ignalina, and it has pushed for closing it. The Lithuanian parliament has agreed 
to closure of Unit 1 at Ignalina by 2005 as one of the conditions for Lithuania's admission to the EU.  
 

5.2.2 Evolution of electricity production during the next 25 years 
The evolution of electricity production during the next 25 years in Lithuania is developed 

based on results of IAEA Study “Analysis of energy supply options and security of energy 
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supply in the Baltic States”. The main electricity supply options for Lithuania from the study are 
the following: 
• Modernization of Lithuania TPP  
• Conversion/replacement of DH boilers to/with CHP 
• Modernization of existing CHPs (Kaunas CHP and Vilnius CHPs) and new CHP 
• New small scale CHPs (gas & biomass) 
• New CCGT  
• Nuclear power plant 
• Wind 
• Hydro and Hydro Pumped storage 

 
Lithuanian TPP consists of four 150 MW and four 300 MW units. The oldest units No 1 

and No 2 operating in combined heat and power production mode had been refurbished before 
1990, which extended their lifetime to 2035. The remaining operation resource of other units 
ranges from 81.9 to 124.4 thousand hours. It means units may be operated at full load until 2024–
2026 in the case their operation would start in 2005. Actually utilization of those units at full load 
are likely to start only after the shut down of the second unit of the Ignalina NPP at the end of 2009. 
Therefore, actual operation of units No 3–8 of the Lithuanian TPP may reach year 2029–2031. 
However, in order to prepare this power plant for reliable operation after 2010, units should 
undergo minor modernization (replacement of control devices and instrumentation, as well as 
control room equipments, refurbishment of steam turbines, etc.). Such kind of modernization 
requires all together about 120 MEUR.  

Vilnius CHP-3 can fire both natural gas and heavy fuel oil. The fuel type is chosen 
depending on the fuel prices. It can easily be converted to orimulsion firing plant as well. 
Preliminary calculations indicate that the cost of Vilnius CHP-3 modernization in order to allow 
usage of orimulsion will amount to 1.1 MEUR. 

Total investment cost for electrostatic filter and desulphurisation unit will be about 22 
MEUR. In order to comply with environmental standards on NOx emissions installation of low NOx 
burners will be required. Investment cost would be around 2.3-4.1 MEUR. In addition to the above 
mentioned, modification of air pre-heaters, control and instrumentation system and reconstruction 
of electrical system to meet UCPT requirements will require additionally about 16.8 MEUR. 

At the end of technical life time of existing units (after 2030) it was foreseen an option to 
replace them by new hypothetical similar units, having possibility to burn natural gas and liquid 
fossil fuels. This multifuel option was foreseen because of energy supply reliability issues. 
Investment cost for this type of technology was assumed at the level of 1000 EUR/kW, efficiency in 
combined heat and electricity production mode is assumed to be 89 % and in pure condensing 
electricity production mode is assumed to be 53 %. In addition it was assumed that, starting in 
2015, one or both units of Vilnius CHP can be replaced by new modern CCGT CHP units, whose 
investment cost was assumed to be 700 EUR/kW and efficiency to be 91% in CHP mode and 64% 
in mixed CHP-condensing electricity production mode. Power to heat ratio of those units is 1.9. 
This means that, in comparison with existing units, new units can produce much more electricity at 
the same heat output. 

Kaunas CHP: Similarly to Vilnius CHP-3, modernization of Kaunas CHP will include 
installation of low NOx burners at steam boilers, electrostatic precipitators and flue gas 
desulphurisation plants. Since 2025, replacement of existing CHP units by similar new was 
foreseen too. Investment cost was assumed at 900 EUR/kW level. Power to heat ratio was 
assumed to be 0.5, total efficiency in CHP mode 93 %, in condensing mode 35 %. 
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New CHP plants: In addition to the above mentioned existing power plants, it will be 
possible to install new CHP plants for supply of electricity and heat in existing district heating 
systems in Lithuania. These plants can be located in Klaipeda, Panevezys, Alytus, Marijampole, 
Siauliai and other Lithuanian towns. Their total capacity was not constrained and is driven by heat 
and electricity demand in the system. Investment cost for such kind of CHP was assumed in a 
range of 865-900 EUR/kW, total efficiency 91%, power to heat ratio – 0.6. Natural gas was 
assumed as a fuel for those plants and they can be based on combined cycle gas turbine 
technology. 

In addition to the above mentioned technology, CHP on renewables as well as 
conversion of existing boiler-houses into CHP have been considered in the study. Investment cost 
for such CHP was assumed to be 1080 EUR/kW, power and heat ratio 0.12. 

Conversion of boiler-houses into CHP was considered in a form of installation of 
additional gas turbine in front of existing boilers (investment cost about 430 EUR/kW) or by adding 
steam turbine after steam boiler (investment cost also about 430 EUR/kW). 

New CCGT: A new CCGT plant can be built at the site of Ignalina, after its 
decommissioning to utilize existing site, infrastructure and qualified personal. Investment cost in 
this case is lower in comparison with the cost of construction of a completely new plant at new site. 
In this study it was assumed that investment cost for new CCGT at Ignalina site will be 500 
EUR/kW. In order to avoid concentration of big capacities in one place, total capacity of new 
installations at the site of Ignalina NPP should not exceed 600 MW. In addition, new gas fired 
power plant will require construction of a new gas pipeline which will cost about 23.2 MEUR. 

Similarly, existing space on the site of the Lithuanian TPP can be used for construction 
of new CCGT units. This can be done in addition to the existing capacities or instead of 
rehabilitation of existing units. Advantage of this site in comparison with the site of the Ignalina 
NPP is that a gas network extension will be not necessary. It was assumed that the investment 
costs for new CCGT at both Ignalina’s and Lithuanian TPP’s sites are the same. The same 
capacity constrain of 600 MW was also applied. 

New CCGT plants also can be constructed at new sites in Lithuania. This however will 
require higher investment costs and extension of gas network. Investment cost for such type of 
installation was assumed to be 600 EUR/kW. Investment cost per capacity unit of additional 
pipeline was assumed at the same level as for the Ignalina case. 

New nuclear: Construction of one or two new nuclear units in the territory of Ignalina 
NPP or replacements of existing reactors were considered. Overall electrical efficiency of EPR-
1600 reactor could be approximately 37%. Total investment costs, including interest payment 
during construction and owner’s costs could be in the range of 1880-1930 EUR/kW. 

New hydro power plants: Four places for new hydro power plants on the rivers 
Nemunas and Neris are considered in Lithuania.  

Kaunas hydro power plant and Kruonis hydro pumped storage plant: Kaunas 
Hydro Power Plant has been in operation since 1960. Some parts of generation and control 
systems are obsolete and have to be renovated in order to prolong lifetime of the plant and 
increase reliability of operation. The cost for refurbishment of power plant is estimated to be 14 
MEUR. Kruonis hydro pumped storage plant has four 200 MW units and additionally four other 
units can be installed according design project of the plant. Necessary investments for each 
additional unit are about 43.4-57.9 MEUR. 

New wind power plants: Because Lithuania does not have sufficiently own primary 
energy resources, its electricity production based on renewable energy sources is very attractive. 
One of possible ways to utilise renewable energy is construction of wind power plants. One of the 
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first wind farms may be constructed by the German company in the southwest of Lithuania on the 
border with Poland and Russia. Estimated capacity of this farm is 10 MW. Estimated investment 
cost will reach 11.3 MEUR or about 1135 EUR/kW. Such investment cost was assumed for other 
potential wind power plants in Lithuania. Taking into account big decrease of investment cost per 
kW of installed capacity of wind power plants, an assumption was made that investment cost will 
be further decreasing by 2 % per annum during the study period. However, total installed capacity 
was constrained by 180 MW taking into account limited number of available sites with 
comparatively high wind speed. 

The results of running the MESSAGE model for BASE CASE SCENARIO for Lithuania 
indicated that until the closure of the second unit of the Ignalina NPP in 2009, electricity generation 
from nuclear fuel will be dominant in Lithuania. The share of electricity produced in 2005–2010 is 
64.8%- 72.1 and before 2005 its production exceeded gross electricity consumption in Lithuania. 
After 2009 electricity generation from orimulsion becomes the most economic choice in Lithuania. 
Orimulsion retains the highest share until 2020 with an annual electricity output of 5.2–5.7 TWh, or 
41–33% of the total generation. Orimulsion is primarily used at the Lithuanian thermal power plant 
(TPP), but it is also part of the fuel balance of the Vilnius and Kaunas CHP plants. In 2020, after 
the replacement of one existing unit by a new CCGT CHP unit at the Vilnius CHP plant, natural gas 
overtakes orimulsion in electricity generation. After 2020 electricity generation from natural gas 
contributes more than 42% and continues to increase with the construction of new CCGT units and 
the replacement of the existing unit at Kaunas CHP plant by a new CCGT CHP unit in 2025. By 
2035 the share of natural gas in Lithuania's electricity generation increases to 73%. A significant 
share of electricity in Lithuania is generated from asphaltene at the Mazeikiai CHP plant. After 
completion of an additional 210 MW unit, electricity generation at this plant will be in the range of 
2.08–2.18 TWh, but its share decreases from 15.3% in 2010 to 11.9% in 2025. Electricity produced 
from RESs is estimated to be 0.7–1.16 TWh during 2010–2025, which is equivalent to 5.7–7.1% of 
total electricity generation. The contribution of other fuels to electricity generation remains very 
small during the analysed time period. 

The Lithuanian peak-load system, which comprises final electricity demand, electricity 
losses in the transmission and distribution (T&D) networks and the system’s own use, increases 
from 1847 MW in 2000 to 3272 MW in 2025. The supply capacity comprises the capacities of the 
upgraded Lithuanian TPP, both existing and new CHP plants, the HPPs, wind power plants and the 
new CCGT to be built by the end of the analysed period. 

By 2010 the total capacity of CHP plants reaches 965 MW and increases further to 1734 
MW by the end of the study period. A new CCGT comes on line in 2010 at the Kaunas CHP plant, 
and towards the end of the study period similar units will be built at Ignalina NPP. No additional 
CCGT capacity is planned in Lithuania in this scenario. Most of the installed capacity of the Kruonis 
HPSPP is used as reserve capacity. The installed capacity of the whole system is 3870 MW in 
2010 and 4586 MW in 2025. 

The following conclusions for Lithuania can be drawn from this study. 
The closing of Ignalina NPP, and replacing that capacity most effectively, are key 

concerns for Lithuania. From a purely economic point of view, the most rational option for 
Lithuanian and for the whole Baltic energy system would be continued operation of the second unit 
of Ignalina NPP until the end of its technical lifetime. If Ignalina NPP Unit 2 were to be replaced by 
a new nuclear power plant (at an assumed investment cost 1660 €/kW), study results show 
different break-even points and different commissioning dates depending primarily on fuel prices 
but also on other possible constraints. Construction of such a plant would significantly change 
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energy system costs, operations and development, as well as their distribution among the 
countries in the region.  

In the case of low fuel prices, no greenhouse gas emission constraints and without 
limitations on gas and orimulsion imports, commissioning of new NPP in Lithuania is economically 
viable some time after 2020. A 25% constraint on the share of both natural gas and orimulsion in 
the regional heat and generation mix would shift the commissioning date forward to 2015–2020. 
Conversely, availability of cheap electricity imports would postpone the commissioning date by 
some 10 years. 

In the case of low fuel prices, replacement of Ignalina’s capacity could be done 
economically through a progression of investments, starting first with using existing and new CHP 
(including small plants), and modernising Lithuania’s thermal power plants. With concerted effort, 
total installed capacity of CHP could reach 965 MW in 2010, rising to 1730 MW in 2025. A major 
CHP generator is the Mazeikiai refinery with existing and new (210 MW) units utilizing the refinery’s 
residue, asphaltene. A new CCGT unit at Kaunas CHP would be justified as of 2010, as would a 
replacement of one unit at Vilnius CHP by a new CCGT CHP unit in 2020, and in 2025 new CCGT 
units should come into service. In addition, a small part of electricity demand would need to be 
covered by imported electricity from Estonia and Russia at some times during the study period. 

In the case of high fuel prices, commissioning a new nuclear plant at the Ignalina site is 
economically viable at the soonest point. From a logistic point of view, commissioning a new 
nuclear unit immediately after closing Ignalina NPP Unit 2 would be ideal but for planning and 
construction lead times not possible much before 2015. High fuel prices would significantly reduce 
output from Lithuania’s thermal power plants, slow the addition of new CHP capacity and favour 
electricity imports if available cheaply (possibly from countries with a large share of non-fossil 
generation or a large domestic fossil resource base).  

 The future generation mix in Lithuania will depend not only on the relative costs of 
alternative expansion options and on final energy demand, but also on energy policy options to 
promote security of energy supply. The Lithuanian study concludes that nuclear power will tend to 
reduce the diversity of the fuel supply by replacing orimulsion (especially) as well as gas; also, it 
will reduce utilization of Lithuania’s thermal power plants, new CHP and CCGT plants; and will lead 
to an increase in decentralized heat supply and in the use of boilers for district heat. However, the 
study also concludes that the possibilities for fuel storage and the technical fuel reliability 
associated with nuclear power, do contribute to energy supply security. 

The diversity of fuel supply in the Baltic region will remain rather high regardless of 
whether or not a new nuclear plant is built in Lithuania but the share of local resources in primary 
energy supply will fall from 55% in 2004 to 36% in 2025 without and to 38% with a new NPP. 
Lithuania and Latvia will be the countries in the region with the highest energy import dependence. 
Trade-offs among supply security options are highlighted by the choice between building new 
CCGT units and modernising Lithuania’s existing 300 MW thermal units. Both have similar 
economic efficiency impacts, especially in the case of low fuel prices. However, the CCGT option 
significantly increases dependence on natural gas, while the modernization option improves 
diversity of fuel supply and suppliers as well as fuel price stability, but increases emissions into the 
atmosphere. Nonetheless, emissions of CO2, SO2 and NOx in the Baltic region, as well as for each 
country alone, remain below EU limits regardless of whether Lithuania chose the fossil or the 
nuclear path. 

Improved interconnections with neighbouring grids will improve the possibilities for 
electricity trade. Connection of the Baltic and Scandinavian power systems will also probably 
provide a transit route for Russian electricity exports to Scandinavian countries. Electricity exports 
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from the Baltic countries are only economic until the closure of Ignalina 2 and for a short period 
between the modernization of the Estonian oil shale power plants and the time when their full 
capacity is used for regional needs. 

Average regional marginal costs for electricity through 2025 would rise from some 31–36 
€/MWh to 39–43 €/MWh, assuming low fuel prices. Incremental price rises during this period would 
reflect first the construction of new CHP (till 2020), then a new coal power plant in Latvia, new 
CHP’s in Estonia and finally the replacement of one unit at Vilnius CHP-3. High fuel prices would 
raise marginal costs as high as 40 €/MWh right after shutdown, 45 €/MWh after 2015 and 46–51 
€/MWh by 2020. 

As soon as electricity import prices exceed 38 €/MWh for extended periods of time, a 
new nuclear power plant with levelized generating costs of 34 - 35 €/MWh becomes part of the cost 
optimal electricity supply mix. The cost-optimal grid connection for such a plant occurs between 
2015 and 2020 depending on price assumptions for electricity imports from abroad (Russia, 
Finland or Poland). 
 

5.2.3 Principal literature and results 
Private costs 
Private costs are derived from “Economic analyses in the electricity sector in 

Lithuania” published by COWI and LEI in 2002. The estimations are reported in the Table 5.2—3. 
 

Power plants Private costs of currently 
functioning 

Private costs of new power 
plants and CHP 

Nuclear BMK reactor 1.735 EURcent/kWh  
Nuclear EPR reactor (commissioned in 2015)  2.714 EURcent/kWh 
Combined cycle heavy oil PP 3.019 EURcent/kWh  
Heavy fuel oil condensing PP 3.69 EURcent/kWh  
Gas combine cycle PP 0.717 EURcent/kWh  
Gas turbine  2.918 EURcent/kWh 
Gas CCGT  1.456 EURcent/kWh 
Hydropower <10 MW 2.7 EURcent/kWh  
Hydropower  <100 MW 1.245 EURcent/kWh  
Hydropower Pump storage 1.149 EURcent/kWh  
Wind On shore 3.1 EURcent/kWh  

Table 5.2—3 Private costs for existing and new power plants24 

 
The private costs calculations are based on the reference methodology adopted in 

"Projected costs of generating electricity. 2005 Update", which is the levelised lifetime cost 
approach. This approach includes annualized investment cost calculated for 1 kWh of electricity 
sold from power plants, operation and maintenance costs and fuel costs.   

The calculations use the following generic assumptions for the main technical and 
economic parameters: 

 economic lifetime: 40 years, 
 average load factor for base-load plants: 85%, 
 discount rate: 5%.  

                                                 
24 Table A.1.1 page 103 in study "Economic analyses in the electricity sector in Lithuania", COWI, LEI, 
2002. 
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The operation and maintenance investments costs were assumed to be constant during 
the lifetime of PP and fuel costs were evaluated based on 3 energy price development scenarios 
(low, high and very high fuel prices). 

The estimations on private costs reported in the Table 5.2—3 are confirmed by the 
following more recent publications: 
1. IAEA Study “Energy supply options for Lithuania. A detailed multi-sector integrated energy 

demand, supply and environment analysis”, 2004;  
2. IAEA Study , “Analysis of energy supply options  and security of energy supply in the Baltic 

States”,  2006.  
3. Lithuanian energy institute (2006). Analysis and forecast of energy sector development trends 

up to 2025, Kaunas.25  
4. Lithuanian energy institute. Analysis of Lithuanian electricity market (supply and demand) 

taking into consideration the more local impact of all Baltic region and tendencies in 
demographics and demand growth. Report S1/31-579.4.4. Lithuanian Energy Institute, 
Kaunas, 2004. 

 
External costs 
External costs of currently functioning power plants were derived from the IAEA 

Coordinated research project on “Estimating of external cost of electricity generation in 
developing countries using simplified methodologies”, 2001. External costs are summarised in 
the Table 5.2—4. 

 
Power plants External costs of currently functioning 

Nuclear (RBMK) (including thermal water pollution) 0.35-0.7 USDcnt’95/kWh; 
Condensing PP (oil/gas) 19.7 USDcnt’95/kWh; 
CHP (oil/gas) 5.0 -7.0 USDcnt’95/kWh 
CHP (oil) 9.0 USDcnt’95/kWh 

Table 5.2—4 External costs of electricity production 

 
External costs for Lithuania reported in the Table 5.2—4 are calculated by 

SIMPACTS package (including Uniform World Models: QUERI, RUWM, URBAN)26 . 
The impact pathway approach was applied to calculate external costs of electricity 

generation. 
External cost for fossil fuels includes human health impacts (Chronic mortality, Acute 

mortality, Restricted Activity Days, respiratory Hospital Admission) of PM10, SO2, NOx, Sulfate 
and Nitrate releases form the main Lithuanian power plants.  

 External costs for nuclear are calculated using the same SIMPACTS package and 
include: 
1. Health effects of routine atmospheric releases from Ignalina NPP;27 
2. External costs of nuclear accidents possible to occur at Ignalina NPP;28 

                                                 
25 http://www.ukmin.lt/lt/energetika/bendrieji_dokumentai/doc/LEI_prognoze.pdf. 
26 The SIMPACTS package was developed by J. Spadaro during IAEA Coordinated research project on 
“Estimating of external cost of electricity generation in developing countries using simplified 
methodologies”, 2001. 
27 Excel spreadsheet “Impacts of Atmospheric Releases.xls developed by IAEA was used to calculate the 
health effects of routine atmospheric releases.  
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3. External costs of radioactive waste disposal at Ignalina NPP.29 
  

 

5.3  Latvia (LEI) 
 

5.3.1 Overview of electricity production in the country 
The Republic of Latvia lies on the eastern coast of the Baltic Sea. The overall length of 

Latvia’s boundaries exceeds 1,800 km. Latvia is bounded by Estonia (on the North), Lithuania (on 
the south), Russia and Belarus (on the east). The territory of Latvia covers 64,589 km2 where 
approximately 42% of the total land area of Latvia is covered by forests. The population of Latvia 
was 2,3 mln and GDP adjusted at PPP amounted to 24.8 billion USD’2000 or 10.8 thousand 
USD/capita in 2005.  

Latvia is one of the few countries in the world, which does not have oil, gas and coal 
resources of its own, and locally produced electricity does not meet the demand. Latvia must rely 
heavily on imports to meet domestic demand. Indigenous energy resources are firewood, peat and 
hydro.  

Latvia is strategically located at the crossroads of East-West energy trade. Large 
volumes of crude oil and refined products travel through Latvia by pipelines and rail and are 
exported via the port of Ventspils, Riga and Liepaja. Large volumes of natural gas from Russia are 
pumped into underground storage in Latvia during the summer for use in the winter and some re-
exports to neighbouring countries. 

Historically the import dependency has been very high; during 1990 to 1995 it was 
around 80%-90%. A positive structural change took place in the TPES which has the impact to the 
import dependency: a significant growth in the local fuel consumption is observed from 10 percent 
(1990) to 33 percent (2005), due mainly to increased biomass production and consumption. The 
other important change in TPER structure is a significant decrease in the heavy fuel consumption. 
Heavy fuel oil has mainly substituted by natural gas. The structure of primary energy supply in 
Latvia by type of fuel in 2002 is presented in Figure 5.3—1. 

 

                                                                                                                                                 
28 The Excel spreadsheet “Nuclear accidents.xls” developed by IAEA was used to calculate the external 
costs of nuclear accidents. The methodology is based on expected utility model. 
29 The tables provided by IAEA were applied to calculate the total costs of health effects of radioactive 
waste disposal under "normal evolution" scenario. 
 



 

CASES – COSTS ASSESSMENT FOR SUSTAINABLE ENERGY MARKETS 

PROJECT NO 518294 SES6 

DELIVERABLE NO. D.6.1 

 

 88 

Oil products
29%

Natural gas
32%

Fuelwood
28%

Hard.coal
2%

Hydro
5%

Electricity
4%

 
Figure 5.3—1 Structure of Latvian TPES in 2005  

 
Presently, indigenous fuels in Latvia mainly consist of wood fuels and peat. According to 

the statistical information for 2005, indigenous fuel production amounts to 78 PJ.  
Fuel wood is the most important indigenous energy resource in Latvia. In 2005, 

production was 77.9 PJ. Wood-fuel export prices exceed domestic prices, which motivates exports. 
Fuel wood accounts for 28% of the total gross energy consumption. The annual variation in fuel-
wood production is quite large because of the variation in export volumes. In Latvia, wood fuel is 
typically used on a small- and medium-scale, with no demand for power generation so far. 

Fuel peat consumption has decreased from 4.1 PJ in 1990 to 2.4 PJ in 2000, 0.9 PJ in 
2002 and 0.1 PJ in 2005. Although peat is among Latvia’s few indigenous fuel resources, it has 
until recently had limited application for energy uses. The major consumer up to 2005 was TPP-1 
in Riga, which utilised almost all of the peat used in energy production. In November 2005, 
Latvenergo completed the reconstruction of the Riga TPP-1 plant into a combined-cycle plant fired 
by natural gas. This has practically ceased consumption of energy peat in the country. Also, peat 
demand for public heat-only boilers (HOBs) has declined from 0.1 PJ to about 0.05 PJ during the 
past 5 years. In addition to direct energy use, peat has been used traditionally as a raw material to 
manufacture peat briquettes for households, but these volumes have sharply declined (from 0.05 
PJ to 0 within the past 5 years). Several studies were conducted about the utilisation of energy 
peat in small CHP plants, but none of them has yet been implemented. 

Latvia imports all of its natural gas supplies from Russia, which apparently will remain 
the only supplier in the future. Average natural gas imports from Russia were 1.3–1.6 billion m3 
during the past 5 years. Natural gas is one of the most important fuel sources in Latvia, and 
accounted for some 32% of the total primary energy requirement in 2005. Its share has increased 
notably from 20% in 1996, largely because of the increasing price of Heavy Fuel Oil (HFO). 
Overall, gas consumption in Latvia depends on a few major consumers; the largest being the 
national power company Latvenergo, with its two CHP plants. Latvenergo accounted for 34% of 
total gas sales to customers. The second largest, with a 10% share, is the Riga district heating 
company, which operates a number of large HOB plants. The only steel mill in the Baltic (Liepajas 
metalurgs) consumes 9% and is the largest industrial consumer, accounting for 36% of sales to 
industry. 
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Latvia has no domestic oil production. However, the US and Norwegian joint venture 
TGS Nopec has applied for oil exploration and extraction licenses. Licenses will be issued for three 
fields in Latvia's territorial waters in the Baltic Sea — covering 1143 km2, 765 km2 and 767 km2. 
Apart from the activities associated with oil-field exploration, there have been plans to construct 
refineries in Latvia. 

HFO gross consumption has declined from 46 PJ to 4.5 PJ, during the past 5 years, 
being currently 3% of the total energy gross consumption. Reasons for the sharp decline in HFO 
demand are linked with competitiveness and environmental issues. Currently, the price of HFO is 
on the same scale as that of natural gas and three times more expensive than, for example, wood 
fuel. Latvia imports HFO mainly from Russia and the CIS. The unpredictable nature and variation in 
HFO prices together with the technical implications of its use are its main disadvantages in 
competition with natural gas. However, many companies are unwilling to depend on a gas 
monopoly and prefer to balance gas and HFO use to maintain energy independence. Although the 
current regulations do not require district heating plants or industries to maintain dual fuel 
capabilities, most have inherited multi-fuel facilities. High overheads mean that HFO is used 
efficiently only in installations that have a heat production capacity above 10 MW. For such 
customers, which comprise HOB district heating, CHPs and large industrial units, HFO will remain 
the main competitor of natural gas, at least until environment-related taxes are increased 
substantially. Already today, there are some serious technical and legal burdens on the utilisation 
of HFO. The most significant is a necessity to use HFO with low sulphur content (less than 1%). In 
addition to HFO, Latvia imports limited amounts of shale oil from Estonia. Shale oil is used by 
public HOB plants. 

Latvia imports coal mainly from Russia, Kazakhstan, Ukraine and Poland. The coal 
imported from Russia is of low quality, and is used in small boiler houses and households. Average 
coal imports were 2.7 PJ during the past 5 years, which is very little compared to the 26.3 PJ in 
1990. Coal consumption has declined to 1.4% of total energy gross consumption, in comparison to 
7.7 PJ in 1990. Coal’s current importance in Latvia’s energy sector is very limited. Being an 
expensive imported fuel with high incremental transportation costs, coal is widely substituted by 
other fuels, particularly wood. Besides, as Latvia would in any case meet even the most stringent 
emission reduction obligations set according to the Kyoto process, large coal-fired power plant 
projects may appear to be feasible if oil and/or gas prices significantly increase, as it is forecasted. 

Woody biomass of various types is currently the most competitive fuel, with a large price 
gap in comparison with coal, gas and HFO. Its ready availability and substantial potential resources 
mean that it will maintain its already important position. Moreover, as ‘industrial’ biomass 
production and utilisation technologies adopted relatively recently develop locally, it may be 
assumed that biomass will also be considered one of the main options for larger (up to 50 MW) 
HOBs and CHPs, especially if it is combined with other solid fuels (e.g., peat). HFO, natural gas 
and coal have been consumed relatively constantly in gross energy terms, although because of 
different usage efficiencies, gas has had a price advantage. This is, in particular, illustrated by a 
rapidly decreasing consumption of HFO. The very well developed gas supply system means that in 
the future natural gas will also be a key fuel for the larger energy-production facilities. 

Similar to the trend of TPES development, final energy demand has declined by more 
than 45% since independence. 

In the structure of the final energy demand a significant part is covered by heat energy 
(district heating) that is mainly consumed by residential sector for heating. The share of district 
heating in the final energy demand in 2005 reached 20%. A considerable part (approximately. 
22%) of the remaining final energy demand is covered by biomass (wood). Biomass is widely used 
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in residential and service sector. The structure of final energy consumption in Latvia is presented in 
Figure 5.3—2. 
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Figure 5.3—2 Final energy consumption by sectors in Latvia, 2005 (4.2 Mtoe) 

 
The energy intensity of the Latvia economy has followed a positive trend in the last 5 

years. The energy intensity indicator (energy use per GDP unit), shows that energy efficiency (year 
2005) is increased by approximately 30% in comparison with year 1995. The main reasons beside 
changes in economic structure are: 

• The improvement of heat generation technologies; 
• The improvement of heat transmission pipelines including the reinforcement of their 

heat insulation; 
• Heat metering and controlling in buildings; 
• Measures to increase demand side energy efficiency in all sectors. 

The dominant role in electricity supply is played by the state company JSC “Latvenergo”, 
which provides more than 90% of all electricity generated in Latvia and ensures imports, 
transmission, distribution and supply to consumers. In addition, there are more than 100 small 
power plants and 10 licensed distribution and sales companies. 

The main domestic electricity capacity consists of 1 517 MW of hydro and 520 MW of 
thermal (CHP units in Riga) all of which is controlled by the state company, Latvenergo (Table 
5.3—1).  
 

 Start –  
up year 

Installed capacity, 
MWel 

Type of fuel 

Latvenergo  
Thermal Power Plants 

  
519.5 MW 

 

Riga CHP-1 
Riga CHP-2 

1955-1958 
1975-1979 

129.5 
390 

Peat, natural gas 
Heavy fuel oil, natural gas 

Hydro Power Plants                                1517.84 MW 
Riga HPP 
Plavinas HPP 
Kegums  
Aiviekste HPP 

1975 
1965-1968 
1939,1979 
 

402 
855 
260 
0.84 
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Wind Farm Ainazi 1996 1.2  
Independent   106,6  
Power Producers     
Small HPP 
Small CHP 
Wind  

 25.0 
57.1 
24,5 

 
 

Total  2145.14  

Table 5.3—1 General data of main power plants in Latvia 

 
By the nameplate generation capacity of the Latvian power system, it seems that there is 

a surplus of capacity. However, the generating potential mainly consists of three hydro power 
plants (HPP) on the Daugava River, which means that the amount of generated power is directly 
dependent on the river’s water flow. Due to small reservoirs, utilisation rates are low and the 
production is quite seasonal following the water flows. The amount of power produced by the 
Daugava river HPS cascade is average 2,6 - 2,8 TWh annually, reaching in the years of high 
spring floods and rain (for instance, 1990, 1994, 1998) even 4,5 TWh. Almost two thirds of hydro 
electricity is produced in the spring months of March, April and May. In this period practically all of 
the supplies are from the hydro plants. In the high demand winter season amount of electricity 
generated by hydro plants is relatively low. For example, in the two high load months, December 
and January, only 15% of demand is met by hydropower. Given that all the thermal capacity 
consists in co-generation plants, the electricity production from this source follows the seasonal 
demand variation to a certain extent being geared to the heat demand, but the major part of the 
seasonal demand swings are, however, covered with imports. Due to the high share of HPP 
generation import dependency in electricity supply may exceed 50% (1992, 1996) or be even 
below 10% (1998). On average, however, import covers around 1/3 of the country’s gross domestic 
consumption (Table 5.3—2). 

 
 1990 1995 1996 1997 1998 1999 2000 2001 2002 2005 

Power supply 10229 6230 6351 6325 5797 6065 5922 6163 6323 7053 

HPP 4496 2932 1860 2953 4316 2758 2819 2833 2463 3325 
CHP 2147 1042 1263 1548 1479 1350 1313 1444 1501 1533 
Wind power 
plants   1 1 2 2 4 3 11 

 
47 

Import (saldo) 3586 2256 3227 1823 530 1955 1786 1883 2348 2148 
Losses and own 
use in plants 

2003 1412 2219 2137 1822 1604 1445 1580 1441 

 
 

1324 
Final 
consumption 8226 4818 4131 4188 4505 4461 4477 4583 4882 

5729 

Manufacturing 3870 1904 1399 1542 1483 1436 1429 1557 1526 1700 
Agriculture 1720 224 188 188 179 183 157 150 155 156 
Households 1000 1176 1090 1091 1120 1156 1186 1249 1317 1572 
Transportation 430 180 179 179 171 155 152 174 144 148 
Services and 
other sectors 1206 1334 1275 1213 1575 1553 1546 1477 1740 

 
2153 

Table 5.3—2 Electricity production and consumption in Latvia, GWh 
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During the past 5 years central (large) power plants in Latvia supplied roughly 65% of 
the total annual power demand — distributed energy resources (DERs) covered 3–6%, but the rest 
were received as import supplies from Estonia, Lithuania and Russia. 

There are three large hydro power plants (HPPs) in Latvia, which are located on the river 
of  Daugava and form the cascade of the Daugava HPPs – Plavinas HPP 870 MW, Kegums HPP 
263 MW and Riga HPP 402 MW. Daugava HPPs operate mostly during the system maximum 
(peak) hours of the Baltic Interconnected Power System (IPS). It is only possible to regulate power 
production of the cascade on a daily and part-weekly basis. The variable nature of flow in the 
Daugava river means the power generation of the HPPs is hard to predict in the long term. The 
average value of annual production is around 2.7 TWh, which is approximately 45% of the total 
annual demand. During the spring flood period, which usually lasts for 1–2 months, the cascade 
produces about 40% of the total annual production volume and ensures power export from Latvia. 
Technically, the Daugava HPPs are fit to operate for at least the next 20 years if the scheduled 
maintenance programme is implemented. Quite substantial financial resources need to be invested 
in dam safety. 

Two large CHP plants, Riga TPP-1 with an installed electric capacity of 144 MW and 
Riga TPP-2 (390 MW), are located in the capital of the Latvian republic, the city of Riga. CHP 
plants are the main heat-generating sources of the right bank heating networks of Riga. Power is 
produced mainly in cogeneration mode, according to the heat-load curve. Natural gas, peat16 
(local resource) and heavy fuel oil (HFO) are used as the main fuels. During the heating season, 
when there is a substantial demand for heating and hot water, Riga CHP plants produce 
approximately 80% of the total annual production volume, while during summer the volume of 
production falls. Technically, the Riga CHP plants could also operate at full load during the summer 
(partly in condensing mode), but this is not reasonable from an economic point of view. The 
maximum power output of plants was in 1991, when 2.3 TWh were generated. In 1992 several 
industrial consumers (of steam) of the Riga CHP plants went bankrupt as a result of economic 
recession. Since 1992, the heat load at Riga has decreased for different reasons, such as an 
efficiency increase of the district heating system and decentralisation. In the past couple of years, 
heat demand in Riga has started to stabilise and some indications of a possible increase have 
appeared. Nowadays Riga CHP plants cover about 20% of the total annual power demand of 
Latvia, generating approximately 1.3 TWh. 

The power transmission network of Latvia comprises 330 and 110 kV lines, and 
substations. 330 kV transmission lines provide electric power to the main consumption centres, as 
well as transit from the northern to southern parts of the Baltic States and vice versa. Latvian 330 
kV lines also transmit power between eastern and western parts of Lithuania. As a rule, two and 
more lines connect a high voltage substation with other substations, which provides at least a 
double-way feed. The 110 kV network is operated in loops, typically 110 kV substations equipped 
with two transformers to lower the voltage level. 

The structure of electricity consumption by sectors in year 2005 is presented in Figure 
5.3—3. 
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Figure 5.3—3 Electricity consumption by sectors in Latvia, 2005 (5729 GWh). 

 
After the restoration of independence in 1991, when most sectors of the economy, 

particularly industry and farming, had readapted their activities to the new market conditions, the 
power demand significantly decreased from over 10.4 TWh (peak load 2059 MW) in the late 1980s 
to 5.7 TWh in 2005. The transmission network still has large reserves, despite a growing load in 
recent years. However, there is a reallocation of electricity consumption centres, and thus the 
necessity for network reinforcement in large cities. In addition, the northwestern part of Latvia 
remains uncovered by the 330 kV network and, as it contains one of the largest industrial centres, 
could be considered as the most ‘sensitive’ region in Latvia. At the same time, this region 
potentially has favourable weather conditions for wind-farm operations. Construction of a 
considerable number of such power plants would require network reinforcement. 

The distribution network of Latvia is based on three middle voltage levels — 20, 10 and 6 
kV — and one low voltage level — 0.4 kV. 20 kV lines comprise 29.5% of the total length of the 
distribution lines and mostly have overhead implementation. The 20 kV network usually provides 
power supply to the lower voltage grid in rural and suburban areas, and the 6–10 kV lines are used 
in cities and usually are of the cable type. The 0.4 kV network forms 67% of the total length of the 
distribution grid. 

Another peculiarity of Latvia, the low density of population, especially in rural areas, is of 
particular interest. According to the statistical figures for 2000, 50% of the total population were 
concentrated in the seven largest cities. The energy-consuming units are usually located nearby. 
All these aspects result in long power lines, particularly at the distribution level, between energy 
feed-in points (generation or high-voltage substations) and the end-user. Consequently, despite the 
low load, power-quality problems are usual in rural areas. Furthermore, a number of remote 
households still remain unconnected to the electricity supply, because of the high cost of 
installation. In these cases, when conventional installations or reinforcements are not economically 
reasonable, it is possible that DERs could provide a technically suitable and economically attractive 
solution. 

Active development of the centralised district heating system in Latvia was started at the 
beginning of the 1950s. It was especially important in large cities, where the construction of multi-
storey apartment houses was started together with the development of large industries (that 
consumed steam). In the city of Riga the large CHP supply plant Riga TPP-1 was constructed to 
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satisfy growing demand. Later on, district heating systems were developed in small cities as well, 
and even in rural areas. 

Centralised district heating systems are especially efficient in places with high density of 
heat demand. When planning its development, municipalities distinguish zones in which only a 
district heating system is possible for economic, architectural and environmental reasons. The 
highest level of heat-supply centralisation is in the capital of Latvia, the city of Riga, where 
approximately 75–80% of the heat supply is from central plants; in other cities this percentage is 
lower, with an average of 57%, and in rural areas it is only 4%.  

 
5.3.2 Evolution of electricity production during the next 25 years 

The evolution of electricity production during the next 25 years in Latvia is developed 
based on results of IAEA Study “Analysis of energy supply options and security of energy 
supply in the Baltic States”. The main electricity supply options for Latvia from the study are the 
following: 

• Replacement of existing CHP (Riga CHP-1, Riga CHP-2) with new CHP (natural gas) 
• CHP biomass & pulp  
• CHP coal 
• CCGT  
• Wind  
• Hydro  

 
Riga CHP-1 was built in 1955-60-ies and during its long term operation it was and it 

continues to be one of the main heat sources in the city. The location of the plant in the city of Riga 
is convenient from the point of view that heat and power generating capacities are close to the 
main consumption loads and that the site of the plant is equipped with elaborated infrastructure of 
engineering communications. Therefore the new combined cycle (CCGT) CHP plant and new heat 
only boilers (HOB) in the construction-free territory of the site were planned. The EPC turnkey 
contract for the implementation of this project was placed with the Siemens industrial gas turbine 
business in Sweden “Demag Delaval Industrial Turbomachinery AB” (earlier ALSTOM Power 
Sweden AB) on 30th June 2003. Commissioning of the power plant is scheduled for 31st October 
2005. By this time all the existing CHP units and HOBs will be decommissioned. 

Capacity of the new CCGT CHP units was chosen in accordance with summer heating 
loads. That is why it will operate solely in cogeneration mode. The new CCGT plant will supply 
district heating to the right bank heating networks of Riga. The main components of the CCGT 
plant are two natural gas fired (single fuel) 43 MW GTX-100 gas turbines equipped with dry low 
NOx combustion systems, two heat recovery steam generators with supplementary gas firing and 
one 54 MW back pressure district heating steam turbine. In addition two new HOBs KVGM-100 
(produced in Russia), burning natural gas and diesel fuel with total heat capacity 232 MWth will be 
installed. 

Total estimated investment for the EPC project is approximately 107 MEUR, including 
100 MEUR for CCGT CHP and 7 MEUR for new HOBs. The rehabilitation of Riga CHP-1 allows to 
reduce significantly the concentration and emission of harmful substances in the atmosphere in 
comparison to the present situation (approximately by two times). Emission of sulphur oxide, 
vanadium oxide and solid particles are prevented completely, but NOx emission is significantly 
lower than the approved standards for Riga CHP-1.  

Reconstruction of Riga CHP-2 envisages gradual replacement of existing power and 
heat units by the new gas-fires combine cycle (CCGT) CHP blocks. In the wider time horizon it is 
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planned to install two new CCGT CHP units in the construction-free territory of the site. Installed 
power capacity of each unit in condensing mode would be approximately 403 MW, while in 
cogeneration mode it would be 350 MW, with heat capacity of 270 MW. The average efficiency of 
new units would be 87.2% in cogeneration mode and 57.2% in condensing mode. It is planned that 
the main fuel for gas turbines would be natural gas, but diesel fuel would be used as back-up. The 
project envisages replacement of existing heavy fuel oil facilities by diesel fuel facilities and 
modernisation of existing heat only boilers. The scope of the project may also include the 
dismantling of existing facilities, which would be unusable after reconstruction. However, 
possibilities for the alternative utilization of these facilities are being analysed. It is planned that 
new units during the winter heating season will operate in cogeneration mode; while in summer 
they will basically produce electricity in condensing mode. Reconstructed Riga CHP-2 may be used 
not only for local Latvian market, but also for exports outside of Latvia.  

The preliminary plans envisage commission of the first new CCGT CHP unit in 2008-
2009, while the second unit to be installed in 2011-2015. New coal CHP plant in Liepaja with power 
capacity 200-400 MW is considered to be an alternative to the construction of the unit Nr. 2. 
Estimated investment for the EPC turnkey project for each unit is approximately 160-170 million 
EUR.  

CHP on coal. Many ongoing and planned power plant projects in the Baltic States are 
oriented on usage of natural gas. It was decided to consider an alternative option - construction of 
coal power plant in the West part of Latvia. There are two possible locations of the prospective 
power plant: port cities Liepaja and Ventspils. Among the technologies the following are 
considered: 

• Pulverized coal power plant on supercritical or ultra supercritical parameters (PCC). 
• Atmospheric circulating fluidised bed combustion technology (CFB). 

Gross power capacity of condensing coal power plant in could be around 430 MW. 
Electricity self consumption 7%-8%. Efficiency of the power plant operating in condensing mode 
could be 44%-45%, in cogeneration mode 55%-60%. According to the conditions of the district 
heating system in Liepaja heat output of the power plant could be approximately 50-60 MW, while 
in Ventspils it could be 40-50 MW. The plant shall be designed to burn bituminous coal imported 
from diversity of worldwide sources to prevent dependence on a single supplier. CFB technology 
allows utilization of domestic fuels, such as peat, biomass, and waste. Possible commissioning 
dates of new power plant are from 2010 to 2015. Total capital cost of 400 MW (net capacity) unit 
could be around 460-520 MEUR.  

In addition to the refurbishment of existing power plant described above, the following 
new technologies could be considered as candidates for Latvia: 

• New combined cycle cogeneration plants (CCGT CHP): 65 MW (for example based on 
DDIT GTX-100 gas turbine), 125 MW (for example based on General Electric MS6001FB 
gas turbine). Potential location in Latvia: Daugavpils and Liepaja. 

• New condensing combined cycle power plants (CCGT): 125 MW (for example based on 
General Electric MS6001FB gas turbine), 190 MW (for example based on General Electric 
MS9001E gas turbine) or 400 MW (for example based on Siemens V94.3A gas turbine). 
Potential location in Latvia: Dobele or Broceni. 

• New circulating fluidised bad (CFB) combustion cogeneration units, burning peat, coal or 
biomas (CFB CHP). 5-20 MW. Potential location in Latvia: Ventspils (coal, 20 MW), 
Valmiera (peat, 10 MW), Seda (peat, 5 MW). 

• New gas engine cogeneration plants (GE CHP). Capacity: from 150 kW to 10 MW. 
Potential locations: mostly small cities of Latvia. 
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• New gas turbine and heat recovery boiler cogeneration plants (GT-HRSG CHP). For some 
industries in Latvia. 

• New microturbine (MGT) distributed generation CHP plants. 
• New fuel cell (FC) CHP plants. 
• New waste inceneration CHP plants (there is one project of burning municipal wastes in 

Riga CHP-2. Electric capacity from 7 to 10 MW. 
• New integrated gasification combined cycle power plants (IGCC). There was projects of 

construction such power plants in CHP configuration, burning petcoke in the city of Liepaja 
and Ventspils. 

• New wind farms / generators (in Western part of Baltic States). 
• New small hydro power plants. 
• New nuclear CHP plant in Riga (very unlikely option, but could be considered). 
• Construction of pump station at Plavinas HPP to convert hydro power plant into hydro 

pump storage plant. 
 

The following conclusions can be drawn from the energy supply modelling exercise for 
Latvia. 

 In Latvia’s power generation sector, the most significant concern is the closure of 
Ignalina NPP Unit 2, and the need for replacement power. The bulk of electricity demand would be 
covered mainly by two fuels: natural gas and coal, and by imports of electricity, mostly from 
Estonia. Natural gas is economically and environmentally more attractive, especially with high CO2 
tax rates. Coal becomes only more attractive if natural gas supplies are limited or fuel 
diversification is a main energy policy goal. Least-cost shifts in the generating mix that replaces 
Ignalina NPP will occur as capacity expands to meet growing demand and at the same time to 
satisfy EU requirements for a guaranteed share of renewables in the generating mix, EU emissions 
limits, and market liberalisation. By the end of the study period, Latvia will approach but not exceed 
EU limits for NOx and CO2 for the anticipated generation mix. SO2 emissions are not considered a 
problem. Meeting the renewables target will be accomplished largely by existing large hydro power 
plants (Daugava) and a new CHP plant to be built in conjunction with a pulp factory, though the 
future of this latter plant is questionable. However, whether or not this plant is built, the remaining 
shares of renewable electricity will come from new biomass CHP plants and wind parks. Given the 
already high share of renewables in the national electricity generation mix and most low hanging 
fruit already utilized, without CHP from the pulp and paper industry, the burden of EU renewables 
directive for Latvia is significant, and more onerous than for Estonia and Lithuania. 

In terms of heat production, the share of heat produced in CHP plants would increase 
from 30% in 2000 to 55% in 2025. CHP has a large potential for expansion in all urban areas, and 
existing plants, as in Riga, are gradually being replaced by newer more efficient ones. A more 
diverse fuel mix is projected for heat production including wood, natural gas, coal and different 
types of oil products, mostly shale oil imported from Estonia. Gas will be the main fuel, though 
biomass, coal and especially peat might also be used. Increased use of wood for heat production 
would be mainly associated with construction of the CHP plant in the pulp factory. If this project is 
implemented, it could put a strain on the limited amount of wood resources annually available in 
Latvia. With regional integration, the most efficient scenario for Baltic energy system development, 
from an economic and a security of supply point of view, would be continued operation of Ignalina 
NPP Unit 2. With this possibility precluded, all available relevant options must be considered: oil 
shale, natural gas, orimulsion, nuclear, coal, renewable and domestic energy sources, electricity 
imports. Oil shale has the supply security advantage of being a domestic fuel (in Estonia) but has 
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the disadvantage – along with orimulsion – of having high CO2 emissions. Given the probable rise 
in CO2 emission fees, and a certain rate of resource depletion, investment in oil shale and 
orimulsion fuelled generating may entail economic risk. 

Taking into account anticipated increases in CO2 fees and fossil fuel prices, the 
construction of a new reactor unit at the Ignalina site could be a sound alternative at the earliest 
date possible. Converting the existing Lithuanian thermal plant to orimulsion would provide power 
to the region in the interim, i.e., during the next 10–15 years. By contrast, the only efficient 
construction of CCGT CHP plants in big cities (Riga, Tallinn, Vilnius), which can also provide 
potential markets for waste incineration and biogas/landfill gas plants. Wind and hydro resources 
will not significantly enhance the security of electricity supply in Latvia or the region as a whole. 
These options are costly, and require both subsidies and guaranteed market shares, and will be 
implemented in a least-cost case only in quantities necessary to meet EU requirements. 

 The cheapest (and most unlikely) scenario for Latvia is prolonged operation of Ignalina 
NPP Unit 2, while scenarios with high emission taxes and fuel prices (though much more realistic) 
are the most expensive. Wholesale electricity prices in Latvia could rise significantly in 2010 with 
the closure of Ignalina NPP and further in 2015–2020, because of power sector restructuring. 

Energy security is a major concern. From a strictly national perspective, dependence on 
Russia for energy imports is expected to drop slightly and will be replaced with increased 
dependence on the other Baltic countries. At the same time, the share of Latvia’s own resources in 
the primary energy balance would remain essentially unchanged. Nonetheless, supply security 
could be enhanced by additional policy measures such as support for development of renewable 
and domestic resources (peat and perhaps oil), enhanced storage capabilities and diversification of 
the generation mix to include a coal plant and ancillary facilities in western Latvia. 

In the context of regional integration, security of supply for Latvia is best assured by a 
different set of measures. These would include gas imports and electricity cross-border 
interconnections (Estlink, Swindlit, Lithuania-Poland, Latvia-Sweden (for power) and: Finland-
Estonia (for gas). Fuel diversification would be accomplished on a regional basis, with support for 
the oil shale industry in Estonia, use of orimulsion in Lithuania, using 50% biomass in the coal plant 
to be constructed in western Latvia (to reduce CO2 emissions), and construction of gas and oil 
storage facilities in Lithuania and Latvia or the construction of a new nuclear power plant at 
Ignalina. The key conclusion with respect to energy security is that, of the two main options for 
Latvian power system expansion - self-sufficiency and interdependence - self-sufficiency is 
preferable from a security of supply point of view, but would be more expensive. 

Low cost imports of electricity from Russia have the potential to dominate the market in 
Latvia, leading to a less secure energy supply and vulnerability to future price increases. However, 
it is also possible that with prospective interconnections of the Baltic IPS33 with NORDEL/UCTE, 
some part of these could be transited to Scandinavia and Central Europe. Such power 
interconnections should also even out prices across the interconnected regions. 
 

5.3.3 Principal literature and results 
 
Private costs 
Private costs are derived from “Economic analyses in the electricity sector in 

Lithuania” published by COWI and LEI in 2002. The estimations are reported in the Table 5.3—3. 
 

Power plants Private costs of currently 
functioning 

Private costs of new power 
plants and CHP 
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Heavy fuel oil condensing PP 1.949 EURcnt/kWh  
Coal condensing PP 2.159 EUR cnt/kWh  
Gas combine cycle PP 3.976 EURcnt/kWh  
Gas turbine  2.918 EURcent/kWh 
Gas CCGT  1.456 EURcent/kWh 
Peat condensing PP 2.159 EURcnt/kWh  
Hydropower <10 MW 2.0 EURcnt/kWh  
Hydropower >100 MW 0.284 EURcnt/kWh  
Wind on shore 2.927 EURcnt/kWh  

Table 5.3—3 Private costs for existing and new power plants30 

 
The private costs calculations are based on the reference methodology adopted in 

"Projected costs of generating electricity. 2005 Update", which is the levelised lifetime cost 
approach. This approach includes annualized investment cost calculated for 1 kWh of electricity 
sold from power plants, operation and maintenance costs and fuel costs.   

The calculations use the following generic assumptions for the main technical and 
economic parameters: 

 economic lifetime: 40 years, 
 average load factor for base-load plants: 85%, 
 discount rate: 5%.  

The operation and maintenance investments costs were assumed to be constant during 
the lifetime of PP and fuel costs were evaluated based on 3 energy price development scenarios 
(low, high and very high fuel prices). 

The estimations on private costs reported in the Table 5.3—3 are confirmed by the 
following more recent publications: 
1. IAEA Study “Energy supply options for Lithuania. A detailed multi-sector  integrated energy 

demand, supply and environment analysis”, 2004;  
2. IAEA Study , “Analysis of energy supply options  and security of energy supply in the Baltic 

States”,  2006.  
 

There are no sources for external costs calculations in Latvia. 
 

6 Literature review on private and external costs for East Europe 
 

6.1 Poland (UWARS) 
The most notable feature of Poland’s energy sector is its heavy dependence on coal, 

and the depth of power sector restructuring both to-date and planned for the future. Another 
significant feature is the increasing availability of natural gas. 

The total installed power generation capacity in Poland amounts to approximately 
33 GW, while peak demand is currently about 24 GW (EA). Electricity generation in Poland is 
dominated by coal, which accounts for 93% of all power produced (55% from hard coal, 42% from 

                                                 
30 Table A.1.1 page 103 in study "Economic analyses in the electricity sector in Lithuania", COWI, LEI, 
2002. 
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lignite). All of the lignite-fired generating capacity is located at mine-heads, and represents the sole 
use of Poland’s lignite production. 

The stock of electricity generating equipment in Poland is old, and there is therefore 
considerable need for investment in refurbishment and replacement. It is estimated that over 7 GW 
of capacity is older than 20 years, and 1.5 GW has now been in operation for more than 30 years. 
With transmission and distribution losses currently standing at about 13%, the transmission and 
distribution system is clearly also in need of substantial modernisation. 

The district heating sector in Poland comprises almost 400 individual networks, including 
the world’s largest district heating network in Warsaw. Of Poland’s urban population, 70% receive 
space-heat and 50% receive hot water from district heating systems. The sector is powered by a 
total of over 8,000 boilers, and delivers about 488 PJ of heat each year, at a peak rate of 45 GW. 
Out of this total heat production, approximately 170 PJ is produced within, and used by industrial 
enterprises. It has been estimated by the Polish CHP Association that 40% of Poland’s electricity 
could ultimately be derived from cogeneration. The new regulatory structure of Poland’s electricity 
sector appears favourable for cogeneration, with full access to power markets possible for small, 
independent generators. Furthermore, the increasing availability of natural gas bodes well for 
cogeneration. 

The most promising immediate market for cogeneration must be existing district heat 
systems that are in need of refurbishment. About 25 - 30% of Poland’s district heat is derived from 
heat-only plant, much of which it would be economically favourable to upgrade to CHP. In the 
longer-term, it is expected that the wider availability of natural gas will lead to the appearance of 
more localised CHP plant based around gas-turbines, with consequent reductions in heat 
distribution losses. 

Power sector remains largely controlled by the State, even now that important reforms 
have been implemented. In 1997, the new Energy Law divided the sector into three subsystems: 
generation, transmission, and distribution. In 1990, Polish Electricity Grid PSE was established by 
the Minister of Industry with the Polish State Treasury as its sole shareholder. It has a monopoly of 
electricity exchange in the country.  

The Energy Law of 1997 has been a milestone in the process of adapting energy sector 
to market conditions. The main targets stated in this act include achieving higher efficiency of 
energy production, distribution and use. In 1999, Polish Power Exchange (PPE) was created. 
Scope of activities of the PPE covers management of non-mandatory section of the market, 
cooperation with international markets, and facilitation of bilateral contracts between its members. 
PPE also facilitates trade of green certificates related to energy production from renewable 
sources. 

The Energy Regulatory Office (URE), with president appointed for 5-year term by Prime 
Minister, is responsible for granting production licences, approving tariffs and settling disputes. 
Principles of connection to the grid and its financing as well as detailed guidelines regarding setting 
tariffs are described in executive acts to the Energy Act. 

 
6.1.1 Overview of electricity production in the country 

Poland is the largest electricity producer and consumer among the countries of Central 
and Eastern Europe. Electricity production in 2005 was 161 940 GWh and installed capacity (as of 
01.2007) equal to 35 416,5 MW (ARE, 2005a, ARE, 2006). Poland is a net exporter of electricity: in 
2005 total export amounted to 16 188 TWh, and imports –  5 002 TWh (ARE, 2005a). Data related 
to energy mix are presented in Table 6.1—1 and Table 6.1—2. 
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Total Coal Crude 

Oil 
Petroleum 
Products Gas Nuclear Hydro Geothermal, 

Solar, etc. 
Combustibles, 

Renewables and 
Waste 

Poland 78815 69179 909 0 3924 0 179 20 4604 
Table 6.1—1. Energy Production in 2004 [ktoe]31 

 
 

  
Electricity [GWh] Heat [TJ] 

coal 143494 313915 
oil 2507 6318 
gas 3144 21485 
biomass 851 2791 
waste 330 1379 
nuclear 0 0 
hydro 3691 0 
geothermal 0 0 
solar PV 0 0 
solar thermal 0 0 
other sources 142 0 
Total 154159 345888 

Table 6.1—2. Energy production: Electricity/Heat production in 200432 
 

More detailed breakdown of electricity production by source is provided by national 
statistical office specializing in energy market (ARE) and given in Table 6.1—3 below.  

 

                                                 
31 Source: IEA 
32 Source: IEA 
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Public power plants 148359,4 
Thermal 144831,9 
Hard coal 86245,7 
of this - CHPs 22543,4 
Lignite 54865,4 
Gas33 2943,8 
Biomass co-fueling 777,0 
Hydro 3527,5 
Pump-storage 1576,8 
Flow 1950,7 
Autoproducing power plants 8090,0 
Thermal 7456,9 
Gas 230,8 
Biogas 6,1 
Biomass 625,1 
Hydro 1,9 
Independent power plants 488,6 
Hydro 248,3 
Wind 136,2 
Biogas 102,7 
Biomass 1,3 
TOTAL 156937,9 

Table 6.1—3. Electricity production in 2005 in Poland [GWh]34 
 

The composition of electricity and heat is illustrated with Figure 6.1—1 and Figure 6.1—2 
below.  

 

                                                 
33 Natural gas as the only fuel 
34 ARE, 2005a 
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Figure 6.1—1. Electricity production mix in Poland (2005) 

 

 
Figure 6.1—2. Heat production mix in Poland (2004) 

 
The graphs and tables show clearly that power generation sector in Poland is mainly 

based on coal. Roughly 25% of the generating capacity is installed in lignite-fired power plants but 
since electricity production from lignite is cheaper than from hard coal, about one-third of electricity 
is produced from lignite. Hard-coal-fired power plants include also combined heat and power plants 
(CHP) which generate over 14% of total electricity production in the country. 

Renewable sources of Energy (RES) 
Currently, the share of all renewable energy sources in total primary energy supply is at 

the level of 5%. Most of this share comes from hydropower plants and biomass. Table 6.1—4 and 
Figure 6.1—3 present volumes of electricity generated from individual types of RES. 

 



 

CASES – COSTS ASSESSMENT FOR SUSTAINABLE ENERGY MARKETS 

PROJECT NO 518294 SES6 

DELIVERABLE NO. D.6.1 

 

 103 

of which: 
Power plants Co-fired 

 
Total 

hydro wind biogas biomass biogas biomass 
2004 3094,73 2081,69 142,32 81,48 272,97 10,66 505,62 
2005 3847,22 2201,12 135,47 110,17 351,95 0,6 1047,90 

Table 6.1—4. Gross electricity production in Poland from renewable energy sources in 2005 [GWh]35 
 

 
Figure 6.1—3. Electricity production mix from RES in Poland (2005) 

 
The sector of RES is heavily promoted and supported by the state. According to the 

state policy, energy providers are obliged to purchase a certain percentage of primary energy from 
renewable sources, to be able to meet the EU indicative goal for Poland equal to 7.5% of energy 
produced from renewable sources. The obligatory levels of energy originating from RES are as 
follows (Executive Order, 2006): 5.1% in 2007, 7% in 2008, 8.7 in 2009, and 10.4% in 2010 - 2014. 

A system of “green certificates” for energy originating from RES has been introduced, 
and starting from October 2005 the certificates are tradable through the system of the Polish Power 
Exchange. The mechanism of quota obligation and trading aims at gradual stimulation of demand 
for RES and facilitating competitiveness within this sector. Additional incentives for development of 
the RES sector include special programmes of subsidies and soft loans available from different 
environmental funds.  

The status of each RES in Poland is briefly described below. 

1. Hydropower 
In Poland, production of energy from hydropower plants constitutes only about 2.5% of 

total energy production (data for 2006 based on IEA). Generally, Poland has small hydropower 
potential – theoretically it is estimated at about 23 TWh/year but technical potential is much lower – 
about 13.7 TWh/year. Poland uses only about 12% of its hydropower potential (ARE 2002a).  

                                                 
35 ARE, 2006c 



 

CASES – COSTS ASSESSMENT FOR SUSTAINABLE ENERGY MARKETS 

PROJECT NO 518294 SES6 

DELIVERABLE NO. D.6.1 

 

 104 

There are 12 large hydro-electric power plants in Poland, with total installed capacity of 
2271 MW (EA). Most hydropower plants in Poland are over 50 years old and should be 
modernised. It is not very likely that new, big hydropower plants will be built in Poland because the 
price of energy generated in such plants is not competitive as compared to other sources. This is 
mainly due to huge investment costs. On the other hand, the sector of small hydropower sources is 
developing quite well. The total installed capacity of small hydropower plants in 2005 equalled 318 
MW (EA). There are estimates that with the current energy prices, the investment in a new, small 
hydropower source pays back after 8-10 years of exploitation, and with the use of the existing 
infrastructure (a dam) – even after 6 or less (ARE 2002a). 

2. Wind Energy 
According to the Polish meteorological institute, only about 20% of the Polish territory 

has conditions favourable for building windmills (average wind speed of over 5 m/s at the height of 
30 m) (ARE 2002b). In 2005, total installed capacity of power plants based on wind energy was 
exceeding 70 MW (EA), while at the end of 2006 was 150 MW (EWEA). Other estimates indicate 
1/3 of Polish territory to have favourable conditions for utilizing wind power which can provide up to 
17% of energy production in Poland (Nieznański, 2007). Figure 6.1—4 illustrates possibilities of 
wind energy production in different areas of Poland. 
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 Altitude – 10m Altitude – 30m 

Zone I > 1000 > 1500 
Zone II 750 – 1000 1000 – 1500 
Zone III 500 – 750 750 – 1000 
Zone IV 250 – 500 500 – 750 
Zone V < 250 < 500 
Zone VI n/a n/a 

Figure 6.1—4. Wind energy [kWh] 

Small-scale wind installations are quite promising – they are simple and have possibility of 
relatively cheap storage of the converted wind energy. They are especially useful for heating 
apartments and water as well as for use in agriculture (heating greenhouses, drying cereals, 
cooling milk etc.) (ARE 2002b). 
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3. Solar Energy 
Taking into account natural conditions, using high-temperature solar technology for 

producing electricity in Poland does not make economic sense. Main options of using solar energy 
in Poland include direct conversion of solar energy into electricity with the use of photovoltaic cells, 
thermal conversion of solar radiation for heating, and systems of passive heating of apartments. 
Use of solar energy must be supplemented with conventional sources (ARE 2002c).  

For flat collectors the most important parameter of solar energy is yearly insolation – solar 
energy delivered to an unit of a surface. Insolation in different regions of Poland is illustrated by 
Figure 6.1—5, following Polish Meteorological Office.  

 

 
Figure 6.1—5. Yearly insolation in Poland [kWh/m2/year] 

 

Yearly insolation in Poland runs between 950-1250 kWh / m2 at average sun exposure of 
1600 h / year. The distribution of this parameters is highly irregular in yearly cycle. About 80% of 
total insolation accrues in 6 months of April – September, while sun exposure in summer extends 
up to 16 hours / day, while in winter falls to 8 hours / day. Detailed data about potential solar 
energy in selected regions of Poland is summarized in Table 6.1—10. 
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Region Year 
(I-XII) 

Spring-
summer 
(IV-IX) 

Summer 
(VI-VIII) 

Autumn-
Winter 
(X-III) 

Northern Poland  1076  881  497 195  
Eastern Poland 1081 821 461 260  
Central Poland 985 785  449  200  
West-central Poland 985 785  438  204 
Southern Poland  962  682  373 280  
South-western  950  712  393  238  

Table 6.1—5 Potential solar energy in selected regions of Poland [kWh/m2/year] 

 

Yearly Sun exposure in different regions of Poland, following Polish Meteorological Office is 
illustrated with Figure 6.1—6. 

 
Figure 6.1—6 Average yearly sun exposure in Poland [h/year] 

Currently, solar technologies are used to a very small extent in Poland, mainly due to very 
high costs. Total surface of the installed solar collectors in 2005 was estimated at the level of 
123 000 m2 which equals a capacity of 85 MWth. Photovoltaic systems play more a demonstrative 
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than a market role. On the other hand, the use of passive solar technologies in the building and 
construction sector is becoming more widespread. It is estimated that in small houses, the share of 
solar radiation based heating may reach 30% of total seasonal demand for heat energy (ARE 
2002c). Economic potential of sun energy collectors for water heating is estimated to be up to 24 
PJ, while for drying crops – 21PJ. 

4. Biomass 
Biomass is beginning to play an important role in the Polish power sector. In recent years, 

the most development has been observed in using fuelwood, forestry and agriculture residues and 
surpluses. Biomass is replacing or reducing use of coal in individual and district heating plants. 
There are several companies active in Poland, supplying biomass boilers and turn-key installations 
for using biomass. 

5. Biogas 
Use of biogas for electricity and heat production in Poland has been increasing in recent 

years. There are energy projects implemented where biogas is generated in wastewater treatment 
plants, landfills, agricultural and livestock activities. 

  
6.1.2 Evolution of electricity production during the next 25 years 

According to “Energy Policy of Poland until 2025” (document adopted by the Council of 
Ministers in January 2005), the main objectives of Poland’s energy policy are: 

• ensuring energy security of the country, 
• increasing competitiveness of the economy, 
• increasing energy efficiency, 
• protecting the environment from negative effects of energy-related activities concerning 

generation, transmission, and distribution of energy. 
The forecasted continued growth of demand for electricity (approximate average 3% of 

annual increase) makes the issue of ensuring the sufficient electricity generation capacity potential 
particularly essential.  

EU regulations and provisions of the Accession Treaty – especially concerning withdrawal 
of the installations not complying with the EU standards – create a challenge for the Polish power 
sector. In this situation, replacement of old installations and new capacity building is necessary, 
using highly efficient technologies which ensure meeting environmental standards. Ecological 
requirements necessitate also increase of the share of gas-fired plants as well as combined heat 
and power generating plants, and of renewable energy sources. 

Progressive liberalization of electricity market, both in the domestic and in the broader EU 
context, will in future contribute to reduction of significance of coal stocks as a means to support 
the security of supply of electricity, and the focus will move towards such aspects as increasing 
energy efficiency, synchronization of energy systems and expansion of interconnections. On the 
other hand, considering the importance of hard coal to Poland’s energy balance as well as 
increasing EU dependence on import of energy carriers, Polish hard coal mining sector should 
continue to play an important role in providing energy security to the country and to the other EU 
Members.  

The projected increase in consumption of natural gas should result in intensification of 
research on documenting the domestic resources, estimated at the level of over 1.000 bcm., and 
on making them available for exploitation.  
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Lignite is the least expensive primary energy carrier in the country. Its use is connected, 
however, with the need to make new deposits of this resource available and to build new capacities 
in the horizon of 2025. 

In view of the need to diversify the primary energy carriers and the need to limit 
greenhouse gases emissions in the atmosphere, the introduction of nuclear energy to the domestic 
system could be considered. For this, social approval is required. Since the forecasts indicate the 
need to obtain electricity from a nuclear plant in the second decade of the period under scrutiny, 
considering the length of the investment period, immediate initiation of social debate on the subject 
is necessary.  

Regarding renewable energy sources (RES), it can be stated that biomass (agricultural, 
industrial, and forest wastes and biogas) and wind energy realistically offers the largest potential to 
be used in Poland, with the current energy prices and terms of state aid. Next in line are water 
energy and geothermal energy resources. Solar technologies, due to low cost-effectiveness in 
relation to electricity generation, may in practice play a role only in heat generation. 

The share of electricity from RES in the total gross consumption of electricity in the country 
should attain 7.5% in 2010. This is in line with the indicative quantitative objective stipulated for 
Poland in Directive 2001/77/EC of 27 September 2001 on the promotion of electricity produced 
from renewable energy sources. This goal should be achieved in such a way as to ensure that 
utilization of individual types of renewable energy sources promotes most cost-effective sources, 
not to lead to excessive increase of energy cost to consumers. This should be the fundamental 
principle for development of the use of RES.  

It is projected that combustion of biomass in the existing coal-based installations will 
increase until approximately 2012, and then priority will be given to small heat and power 
generating plants using biomass. If the required share of RES cannot be achieved using biomass, 
the only viable alternative will be wind energy [Radovic, 2005]. 

“Energy Policy of Poland until 2025” stipulates four different variants of forecasted demand 
for energy until 2025. These are: 

a) Treaty Variant, taking account of the Accession Treaty provisions 
relating to the energy sector, i.e.: attaining the 7.5% coefficient of electricity use from 
renewable sources in 2010, attaining the 5.75% coefficient of biofuels share in the total 
sales of gasoline and fuel oil in 2010, and limiting total emissions from large combustion 
plants to the values stipulated in the Treaty, 

b) Basic Coal Variant, different from the Treaty Variant in replacing the 
fulfilment of the Treaty requirement concerning emissions from large combustion plants 
with the execution of the National Plan for Emissions Reduction, which allows for 
postponing until 2020 the deadline for meeting the emissions targets, specified in the 
Accession Treaty for 2012. This Variant did not assume any reductions of supply of hard 
coal, and did not specify what part of the coal shall come from domestic extraction, and 
what from imports, 

c) Basic Gas Variant, different from the Basic Coal Variant only in the fact 
that the supplies of hard coal for electricity generation are maintained on the current level, 
and the fuel for the production of additional needed volumes of electricity will be first of all 
natural gas in this variant,  

d) High-Efficiency Variant, meeting the same ecological criteria as the 
Basic Variants, but assuming additional improvement of energy efficiency in the areas of 
electricity generation, transmission, distribution, and use thanks to the active policy of the 
State. The following maximum possible improvement in energy efficiency, compared to the 
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Basic Variants, is forecasted: for electricity generation – increase of the average 
generation efficiency by 1.3 percentage point, for transmission and distribution of electricity 
– reduction of network losses by 1.5 percentage point, for primary energy consumption – 
decrease of energy intensity of GDP by 5% and electricity intensity by 7%. 
Cost optimisation of the functioning of the domestic fuels and energy sector within the 

framework of the assumed ecological limitations was performed for every variant36.  
The forecasts do not provide an unambiguous answer on the size of fuel and energy 

imports and exports. Due to the significant increase in fuel and energy demand, it is estimated that 
import of fuels, especially of gas and crude oil, will grow. Simultaneously, Poland’s functioning 
within the internal fuels and energy markets may lead to the growth of export. Further forecast work 
in this respect will be carried out by the Government Centre for Strategic Studies.  

The demand for electricity will be increasing within the forecast period, and in all variants 
the increments will be relatively lower in the first and relatively higher in the second 10-year period 
(approximately 3 % mean-annually).  

It is forecasted that electricity production growth will be based on hard coal in the Treaty 
and in the Basic Coal variants, and on natural gas in the Gas and High-Efficiency variants. At least 
7.5% share of renewable sources in electricity production will be achieved and maintained in each 
variant.  

Poland has no nuclear power plants, unlike many European countries. Nuclear power 
introduction is purposeful due to the needs to diversify primary energy carriers and to limit 
greenhouse gases and sulphur dioxide emissions to the atmosphere, therefore it is being 
forecasted in all the variants. Forecast calculations indicate the need to commence nuclear power 
exploitation in the last 5 years of the period in question.37. 

Analysis of the above described scenarios lead to the following conclusions: 
1. It is projected that by 2025 domestic consumption of final energy will grow by 48-55%, 

of primary energy by 41-50%, and of electricity by 80-93%. 
2. In each of the forecast variants the change in structure of domestic energy 

consumption in favour of natural gas and liquid fuels is forecasted, but the individual 
variants differ on the increase of gas consumption. In the Basic Gas and High – 
Efficiency Variants gas covers the large majority of the increment of fuels consumption 
for electricity generation and the consumption of coal is frozen at the current level. In 
the Basic Coal Variant consumption of coal for electricity generation increases 
significantly and the increment of gas consumption is relatively lower.  

3. Significant improvement in energy efficiency is projected in all the variants. In the High-
Efficiency Variant additional improvement, compared to the Basic Variants, is 
forecasted: in electricity generation – increase of average generation efficiency by 1.3 
percentage point, in transmission and distribution of electricity – decrease in network 
losses by 1.5 percentage point, in primary energy consumption – decrease of GDP’s 
energy intensity by 5% and decrease of GDP’s electricity intensity by 7%. Achieving 

                                                 
36 The optimal calculation of costs for the individual variants to cover the projected demand for energy 
carriers was based on the actual levels of prices discounted for the base year of the forecast.  The real 
discount rate was assumed at 5%, fixed for the entire period of the forecast and the same for all the variants 
of the forecast.  
37 Start – up of the first nuclear power plant before 2020 is considered impossible since the duration of the 
investment process in the country which hardly has any experience in this scope is estimated for 10 years, 
and the duration of the social campaign for acceptance of nuclear power generation, preceding the process, 
for 5 years. 
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greater improvements does not seem feasible due to technological limitations and to 
the amounts of possible investments.      

4. Start-up of the first nuclear power station around 2021-2022 is projected in all the 
variants. Earlier start-up is considered not viable due to social and technological 
reasons, even if the decision on starting the investment preparations were to be taken 
today.      

5. In all the variants, ecological requirements stipulated in the Kyoto Protocol, 2nd 
Sulphur Protocol, 2nd Nitrogen Protocol and the National Plan for Emissions 
Reduction are fulfilled. Also the requirements concerning renewable energy sources 
provided for in the Accession Treaty are met. Fulfilment of the Accession Treaty’s 
emission requirements is taken account of only in the Treaty Variant, and starting from 
2009. 

6. Completion of great pro-ecological investments in energy generation sector in the 
years 2005-2008 requires huge investment outlay. Only after these investments are 
realized, can the assumptions of the Treaty Variant be fulfilled. Implementation of this 
scenario will lead to the consolidation of the existing structure of fuels used for 
electricity generation.   

7. The outcome of forecast work indicates that the key issue for energy policy is to 
coordinate and agree with the European Commission on the fulfilment of provisions of 
Directive 2001/80 on the basis on the National Plan for Emissions Reduction. 
Therefore only the Basic Variants and the High-Efficiency Variant should be 
considered realistic.   

8. Basic Coal Variant would be less expensive in implementation than the Gas Variant, 
which would be reflected in lower electricity generation costs and lower energy prices 
for consumers. An additional advantage of this Variant is lower dependence of the 
country on fuel imports.   

9. Basic Gas Variant ensures higher degree of diversification for the country’s fuels 
supplies than the Coal Variant, but at the expense of higher dependence on import. 
The Gas Variant allows for greater reduction of sulphur dioxide and carbon dioxide 
emissions in the event that such a need should occur due to more stringent 
international requirements in future. 

10. Lower energy consumption and lower level of pollution emissions are the advantages 
of High-Efficiency Variant. However this Variant is feasible only if significant funds are 
allocated to the improvement of efficiency of energy use. An incentive for the 
implementation of this variant could be the EU target funds, dedicated to the 
improvement of efficiency of energy production and consumption, and to the decrease 
of greenhouse gasses emissions.    

11. Probability of practical implementation of Basic Coal Variant, Basic Gas Variant and 
High-Efficiency Variant is currently considered to be equal. The actual implementation 
of one of the Variants will depend on the mutual relations of coal and gas prices, on 
further changes within the scope of permissible pollution limits, and on the degree of 
commitment of state authorities and EU institutions to the matters of improving energy 
efficiency of the economy. 

12. The actual development of the domestic fuel and energy management may be the 
combination of three scenarios. The outcome will depend on the pace of economic 
growth, on the directions of energy policy, and on the arrangements reached within the 
European Union. Assuming a lower rate of GDP’s growth and lower increase of 
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demand for energy, one should rather expect that the Basic Coal Variant would be 
implemented. Internalization of external costs of electricity and heat generation will 
lead towards the implementation of the Basic Gas Variant. High – Efficiency Variant 
may only be implemented with an active participation of the State.    

According to [Radovic, 2005] and his estimates using ENPEP model of International 
Nuclear Agency taking the base scenario estimates of major economic indicators, in 2025 total 
energy production in Poland will approximate 200 TWh. Energy mix according to this forecast 
would be more or less the following: hard coal 45%, lignite 25%, natural gas 15%, nuclear energy 
7%, big hydropower plants 2%, and other renewables 6%. 

The same source provides forecast and breakdown of energy generation from RES: in 
2025 total volume of energy from RES would amount to about 17 700 GWh, however 
approximately 21% of this volume would come from combustion of biomass combined with coal. 
Share of other RES would be more or less the following: 18% big hydropower plants, 5.5% small 
hydropower plants, 28% wind energy from land sources, 5.5% wind from the sea, 11% biomass in 
small sources, 10% biogas, and 1% solar energy.    

 
6.1.3 Principal literature and results 

 
Private cost of producing electricity and heat in currently operated thermal PPs and CHPs is 

given in Table 6.1—6 and Table 6.1—7 below.  

 
Item 200538 200639 
Total cost of electricity [PLN/MWh] 111,42 108,53 
Variable cost of electricity [PLN/MWh] 70,45 73,17 
Fixed cost of electricity [PLN/MWh] 40,97 35,36 

Table 6.1—6. Cost of electricity sold in public thermal plants in Poland 

 
Item 200540 200641 
Total cost of electricity [PLN/GJ] 17,55 16,22 
Variable cost of electricity [PLN/MWh] 10,37 10,40 
Fixed cost of electricity [PLN/MWh] 7,18 5,82 

Table 6.1—7. Technical cost of heat produced in public thermal plants in Poland 

It’s worth noting that the producer price of electricity and heat is roughly only 10% higher 
than private costs, so wherever private cost is not available it is possible to use producer price as a 
proxy. Table 6.1—8 and Table 6.1—9 summarise the differences: 

Item Total of which 
thermal public 

Price of electricity 145,74 145,33 
Cost of electricity 131,40 131,12 

Table 6.1—8. Producer price and cost of production of electricity in CHPs in Poland in 2005 [PLN/MWh]42 
 

                                                 
38 Yearly average, ARE, 2005b 
39 Average of the first six months of 2006, ARE, 2006d 
40 Yearly average, ARE, 2005b 
41 Average of the first six months of 2006, ARE, 2006d 
42 ARE, 2006c 
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Item Total of which: 
public 

Price of heat 21,94 22,47 
Cost of heat 20,04 20,20 

Table 6.1—9. Producer price and cost of production of heat in CHPs in Poland in 2005 [PLN/GJ]43 
 

According to Kraszewski and Kobus (2006), the price of energy produced in a local 
electricity and heat producing plant from natural gas at the producer (covering all costs and a 
margin of profit allowed by the regulatory agency) was equal 0.054 euro/kWh (at the nominal 
average exchange rate in 2006 of 3.9 PLN/euro). 

An interesting insight in the private costs of producing electricity in a coal-fired power plant 
depending on the technology used is provided by the study of Radović (2002). Externalities of 
several modernization options of a reference power plant Ostrołęka were estimated, to comply with 
the new emissions prerequisites for large coal-fired power plants, which all power plants had to 
comply with since 2006. The modernization options can be treated as approximations of building a 
new power plant.  

The plant had already been equipped with highly efficient electrostatic precipitators, so 
only controls of SO2 and NOx emissions had been considered. The following alternatives for the 
plant modernisation were analysed from a techno-economic and environmental point of view (the 
reference option was plant life extension with no SO2  or NOx  emissions control): 

LE+FSI – plant life extension, furnace sorbent injection, low-sulphur coal (<0.7%S); 

LE+FGD – plant life extension, flue gas desulphurisation, low-NOx burners; 

AFBC Boiler – replacement of old boilers by atmospheric fluidised bed combustion; 

Repower/GT – plant  repowering with gas turbine, low-sulphur coal ( <0.7%S); 

Coal+gas – plant life extension, low-NOx burners for dual fuel capability - 100% natural gas firing 
(fuel switch) for at least 35% of annual operation; low-sulphur coal ( <0.7%S); 

GTCC – Replacement of old plant with Gas Turbine Combined Cycle (GTCC); 

IGCC – Replacement of old plant with Integrated Gasification Combined Cycle (IGCC); 

The results are summarized in Table 6.1—10 below.  

 
 Unit LE LE+FSI LE+FGD AFBC 

retrofit 
Add GT Fuel 

switch 
Replace 

by GTCC 
Replace 
by IGCC 

  Base  Alt.1 Alt.2 Alt.3 Alt.4 Alt.5 Alt.6 Alt.7 
Cost          
 - Capital mEuro/kWh 0.001) 0.001) 0.001) 7.29 2.82 0.57 10.87 28.13 
 - O&M mEuro/kWh 5.28 5.28 5.28 5.01 5.48 5.48 2.46 4.66 
 - Fuel mEuro/kWh 17.42 18.29 17.67 17.55 22.32 27.32 26.99 13.96 
 - Control  mEuro/kWh 0.00 2.28 4.42 0.00 0.19 0.00 0.00 0.00 
Total mEuro/kWh 22.70 25.85 27.37 29.85 30.80 33.38 40.31 46.76 

                                                 
43 ARE, 2006c 
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Emissions          
 - PM10 g/kWh 0.36 0.36 0.16 0.21 0.19 0.26 0.00 0.04 
 - SO2 g/kWh 9.82 4.01 0.99 1.34 3.39 4.27 0 0.20 
 - NOx g/kWh 3.39 1.80 1.83 1.34 1.16 1.54 0.23 0.37 
 - CO2 g/kWh 967 951 981 967 664 831 367 769 
1) Plant life extension was modelled by augmented O&M costs 

Table 6.1—10. Results of the Technical and Economical Evaluation for Different Alternatives 
 

The externalities of emissions were approximated with generic Externe results per 
tonne of pollutant and are given in Figure 6.1—7 below: 

Global warming @ 0.1 Euro/ton CO2                                          Global warming @ 16.4 Euro/ton CO2
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Figure 6.1—7. Levelised generation cost including the full external costs  for alternative options 

 

There are no official statistics regarding cost of producing electricity from renewable energy 
sources, thus Table 6.1—11 below reports prices.  

 

2004 2005  
PLN/MWh 

Country average 235,6 247,9 
Small hydro power plants 232,5 245,9 
Biogas power plants 243,0 256,2 
Biomass power plants 207,7 227,1 
Wind power plants 237,0 240,8 

Table 6.1—11. Price of electricity from renewable sources in Poland44 

                                                 
44 Statystyka Elektroenergetyki  Polskiej 2004, ARE 2005 
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Following literature estimates of private costs of electricity and heat production we give 
ranges of estimates with regard to each major renewable energy source. The results are 
summarised in the following section. 

Renewable Sources of Energy (RES): 

Most probably, currently and in near future none of the renewable energy sources in 
Poland can compete with conventional sources regarding costs of generating electricity. The costs 
of energy generation from conventional sources are currently at the level of 3-4 eurocents per kWh 
(Radovic, 2005). However, as mentioned in section 2.9.1.1, energy generation from RES is 
intensively promoted, primarily through an obligation to purchase a given percentage of primary 
energy from RES. Therefore, RES not necessarily have to compete with conventional sources, at 
least up to certain limits. One should also note that many RES are of local character and therefore 
can compete only on a local market. Existing cost estimates related to individual RES in Poland are 
summarised below. 

Hydropower 

The strategy of development of renewable energy of 2000 (Ministry of Environment 2000) 
gives an estimate of electricity production costs in small hydropower sources built at the existing 
dams of 0.23 PLN/kWh (0.06 euro/kWh according to nominal yearly exchange rate). One can note 
that this estimate is very close to the price of energy from hydropower plants reported in Table 
6.1—12. 

Wind energy 

For Poland Balcewicz (2006) estimates the costs of producing energy in a wind farm with 
total capacity of 1600 MW over 60-year period of time, including investments in installing new 
equipment once the wind turbines are exploited as well as dismantling costs at the level of 0.08 – 
0.09 euro/kWh. 

According to Ministry of Environment (2000), the costs of producing electricity at a big wind 
farm were at a level of 0.51 PLN/kWh (0.13 euro/kWh according to the average exchange rate of 
2000). 

Solar energy 

It is estimated that in Central and Northern Europe costs of producing energy using flat 
roof-based systems are in the range 0.6-1.4 euro/kWh (ARE 2002 c). Cost of using photovoltaic 
collectors for heating purposes is estimated at the level of 5 euro/GJ (Ministry of Environment, 
2000). Conversion of primary solar energy into electricity using PV systems is currently 5-10 times 
more expensive than electricity production in centralised, conventional objects. However, efficiency 
of PV systems is increasing and unit costs of producing energy are getting lower. 

Biomass 

According to Balcewicz (2006), the costs of producing energy both from straw and from 
wood chips equals approximately 0.07 euro/kWh. This study, however, was made with specific 
assumptions, to allow comparison of different options with a nuclear plant with total capacity of 
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1600 MW over a 60-year period of time. This capacity and period of analysis was also used to 
estimate costs of energy production from biomass, where the installed equipment would have to be 
replaced after full exploitation.  

In another study (Kraszewski and Kobus, 2006), the price of energy produced from 
biomass in a local heat and energy generating plant using gasification method (covering all costs 
and a margin of profit allowed by the regulatory agency was equal 0.066 euro/kWh (at the nominal 
average exchange rate in 2006 of 3.9 PLN/euro). 

The Ministry of Environment (2000) estimates of the costs of heat provided from burning 
biomass at the level of 5-6.25 euro/GJ in relation to small, manually operated boilers, and 7.25 
euro/GJ in relation to automatically operated boilers. 

Biogas 

Ministry of Environment (2000) estimated costs of production of electricity from biogas at 
landfills at the level of 0.05 euro/kWh. 

  Production cost 

Hydro 0,06 Euro/kWhb) 

Wind 0.13 Euro/kWhb) 

Photovoltaic (electricity) 0.6-1.4 euro/kWh b) 

Solar (heating) 5 euro/GJ b) 

Biomass (electricity) 0.07 euro/kWh c)d) 

Biomass (heat - small, manually operated boilers) 5-6.25 euro/GJ b) 

Biomass (heat - automatically operated boilers) 7.25 euro/GJ b) 

Notes: a) - OECD and EU; b) - Ministry of Environment, ‘Strategia rozwoju energetyki odnawialnej’ [The strategy of 
development of renewable energy], Warsaw 2000; c) - Balcewicz, J. ‘Wiatrownie odpadają w przedbiegach’ [Wind 
farms not competitive], Energia Gigawat monthly, June 2006; d) - Kraszewski, K., J. Kobus, ‘Ile kosztuje energia 
elektryczna? Stanowisko Stowarzyszenia Niezależnych Wytwórców Energii Skojarzonej’ [How much does the energy 
cost? Position of the Association of Independent Power-and-Heat Producers], 2006 

Table 6.1—12. Electricity and heat production cost from RES in Poland (literature sources) 
 
The following results on private costs of new power plants are based on the study by 

Energoprojekt (2006). The study analyzed the power generating technologies possible to 
implement in Poland until 2020.  
Main assumptions 
For each technology net yearly production was assumed at a level of 1600 MW (based on EPR 
reactor capacity). For technologies with smaller capacities equivalent number of sources was 
assumed taking it into account in investment and exploitation costs. 

- Exploitation time for each technology was assumed as follows: 
- nuclear power plants – 60 years 
- coal power plants – 30 years 
- gas power plants – 25 years 
- biomass power plants – 25 years 
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- wind power plants – 15 years 
- For technologies with shorter life time of investments, cyclical reconstruction was assumed 

until 60 years time limit was reached 
- For coal technologies two options were considered: 

- current stage of technology 
- predicted improvement of technology (including the increase of efficiency) 

- Three options of full load hours were implemented 
- minimum of 6500 h / year 
- maximum of 8000 h / year 
- based on historical data of reference power plants 

- In case the assumed full load hours was impossible to reach within particular technology, 
an increase of operational units was assumed, to reach the assumed equivalent 
production level 

- Decommissioning costs were included in the analysis for all technologies 
- Costs of complying with environmental and safety standards were included for all 

technologies 
- Economic comparison of electricity costs was done using levelised cost methodology as 

suggested by UNIPEDE/EURELECTRIC, IEA, IAEA, OECD/NEA. 
- The analysis is conducted in constant 2005 prices 
- Investment cost of nuclear power plant with the AP1000 reactor was used following 

Westinghouse publications (1200 USD/MW) and increased by 15% as a cost of technology 
transfer from the USA. Finally investment costs used were assumed at the level of 1200 
EUR/MW.  

- Investment cost of nuclear power plant with the EPR reactor was used following EdF 
(France) publications. It was assumed, that in case of constructing 10 power units costs 
should be lower by 1/3 in comparison with the first-of-a-kind investment (Olkiluoto 3, 
Finland).  Investment costs used was assumed at the level of 1500 EUR/MW.  

- Higher investment costs of the EPR reactor technology in comparison with AP1000 can be 
justified by the higher efficiency of the former (37% to 33%). If Westinghouse receives 
certificate for the European market for its AP1000 reactor technology, it can compete with 
EPR reactors. 

- There was increase of investment costs assumed, as well as components of exploitation 
costs throughout all time of the analysis at the lever of 5% a year starting from the base 
year of the analysis (2020).  

- Fuel cost increase was assumed based on Energoprojekt long range forecasts and is 
given in Figure 6.1—8. For after 2030 average yearly fuel price increase was assumed 
equal to that from the 2020-2030 period.  
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Figure 6.1—8. Yearly fuel price changes according to Energoprojekt (2006). 

 
- For sensitivity analysis the following modifications were used: 
• Investment cost 

- ± 10% for all technologies 
- + 20% for EPR reactor technology 
- 3 200 mil. EUR for EPR reactor power plant 

• Fuel cost 
- ± 10% for all technologies 

• Other exploitation cost (excluding fuel) 
- ± 10% for all technologies 

• CO2 emissions price 
- 15 EUR / t CO2 
- 22 EUR / t CO2 
- 30 EUR / t CO2 

• Discount rate 
- 5% 
- 7% 
- 10% 

• Full load hours 
- 6500 h / year 
- based on historical data of reference power plants 
- 8000 h / year 

 

Overview of technologies 
1. Nuclear power plants 
1.1.   EPR reactor power plant 
The technology was developed within a French-German cooperation. The reactor is designed to 
work at wide range of loads (20-100%). Currently it is built on Olkiluoto in Finland by TVO, the 
following application of this technology is planned in France.  
Technical specification: 

Gas 
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Electrical power net capacity  1600 MW 
Thermal power of the reactor  4300 MW 
Net efficiency   37,2% 
Loops in primary circuit  4 
Pressure in the reactor  15,5 MPa 
Water temperature (input) 295˚C 
Water temperature (output) 328˚C 
Number of steam turbines  1 
Pressure of steam  7,55 MPa 
Temperature of steam  291˚C 
1.2.   AP1000 reactor power plant 
The technology was developed by USA company - Westinghause.  
Technical specification: 
Electrical power net capacity  1117 MW 
Thermal power of the reactor  3415 MW 
Net efficiency   32,7% 
Loops in primary circuit 2 
Pressure in the reactor  15,5 MPa 
Water temperature (input) 280˚C 
Water temperature (output) 321˚C 
Number of steam turbines  1 
Pressure of steam  5,5 MPa 
Temperature of steam  271˚C 
2.   Hard coal power plants 
2.1 Coal-dust 
This is one of the most common hard-coal technologies worldwide with boiler capacities 
exceeding 1000 MW. In the analysis two 800MW boilers were assumed following reference 
732MW boiler in Hessler, Germany. 
2.2 Fluidized bed 
The most common type of this technology is atmospheric boiler with circulating fluidal layer. The 
biggest boilers of this technology exceed 400 MW. In the analysis four 400MW boilers were 
assumed following reference 439MW boiler in Łagisza, Poland (currently the biggest in the world). 
2.3 Integrated Gasification Combined Cycle (IGCC) 
In the analysis four 400MW boilers were assumed of net efficiency reaching 42%. 
3.   Lignite power plants 

2.1 Coal-dust 
This technology is analogous to that of hard coal. Since lignite consists substantial amounts of 
water the fuel needs to be dried before burning. It is achieved by redirecting part of the to a mill. 
The newest power plants of this technology are located in Germany: Schwarze Pumpe 
(2x800MW, 1997-1998), Niederaussen (1000MW, 2002r.), Neurath (1100 MW, under 
construction). In the analysis two 800MW boilers were assumed following reference 1100MW 
boiler in Neurath, Germany. 

2.2 Fluidized bed 
The fluidized bed technology allows for using different kinds of fuel, also those of low-energy and 
high-ash content. This technology was implemented in Turów in Poland (3x528,3x556, 1998-2005). 
In the analysis four 400MW boilers were assumed following reference 439MW boiler in Łagisza, 
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Poland. The lower energy content of the fuel was taken into account with lower efficiency 
assumptions.  
4. Natural gas power plants 

Gas Turbine Combined Cycle (GTCC) and Natural Gas Combined Cycle (NGCC) is currently a 
technology allowing for the highest efficiencies – higher than other fuel technologies. In the 
analysis four 400MW boilers were assumed (4 gas turbines, 4 regain boilers, 4 steam turbines; gas 
and steam turbines operating with a common generator). The reference economic data was used 
following Siemens SCC5-4000F SC of net efficiency 58%.  
5.   Renewable energy power plants 
5.1 Biomass (straw) power plants 
In the analysis construction of 46 straw-fired power plants was assumed, each of net installed 
electrical capacity equal to 35MW and net efficiency of 33%. Total land needed for construction 
was 270 ha while yearly straw needed – 10 mil. Mg. 
5.2 Biomass (wood chips) power plants 
In the analysis construction of 93 wood-chips-fired power plants was assumed, each of net 
installed electrical capacity equal to 17,2MW and net efficiency of 26%. Total land needed for 
construction was 230 ha while yearly wood needed – 16 mil. Mg. 
5.3 Wind power plants 
The assumed electrical power capacity was 4,5MW. It was assumed that windmills will be 
organized in 67,5 MW farms (15 windmills in each). Assuming average full load hours of 2200h it 
would be necessary to construct up to 88 windfarms of total capacity installed equal to 5940 MW 
(equivalent to 1600 MW heat power plant). Total land needed for construction was 176 000 ha (ca. 
2000 ha per windfarm).  

 

Main results 

Average levelised production cost of electricity is presented in Table 6.1—13, and 
 

V1 V2  

Figure 6.1—10. V1 represents current state of technology, while V2 presents results of 
calculations including forecasted improvements of technology (efficiency) until 2020.  
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V2 260 268 253 260 266 292 317       

Table 6.1—13. Private costs of electricity production - PLN(2005)/MWh 
 

 V1 V2  
Figure 6.1—9. Private costs of electricity production - PLN(2005)/MWh (without CO2 permits costs) 
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V1 V2  
Figure 6.1—10. Private costs of electricity production - PLN(2005)/MWh (with CO2 permits costs) 

 
 
 Figure 2.1—11 and Figure 6.1—12 present the composition of private costs per technology. 
 

 
Figure 6.1—11. Composition of private costs of electricity production - PLN(2005)/MWh (without CO2 permits 

costs) 
 

 

Investment Fuel 
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Figure 6.1—12. Composition of private costs of electricity production - PLN(2005)/MWh (with CO2 permits 

costs) 
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Investment -10% 191 191 172 185 189 246 289 127 119 261 249 279 315 
Base scenario 197 196 177 191 194 258 292 132 123 267 259 307 345 
Investment +10% 203 201 182 197 200 269 294 137 127 274 269 335 375 
CO2 @ 15 EUR/Mg 243 248 231 241 246 305 312       

CO2 @ 22 EUR/Mg 264 272 256 264 270 327 321       

CO2 @ 30 EUR/Mg 289 300 285 291 297 352 332       
Table 6.1—14. Private costs of electricity production – main sensitivity analysis results - PLN(2005)/MWh 

 
It is worth noting, that for EPR reactor technology the increase of investment costs by 

20% causes cost of MWh of electricity to rise to 142 PLN, while assuming investment cost of 3,2 
billions EUR rises levelised private cost of production to 149 PLN / MWh of electricity. 

Figure 6.1—13 and Figure 6.1—14 below illustrate the numerical results given in Table 
6.1—19.  

 

 

FuelInvestment 
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Figure 6.1—13. Sensitivity of cost of electricity production to investment cost PLN(2005)/MWh (without CO2 
permits costs) 

  Investment -10%   Investment +10%   Base scenario 
  Investment +20%   EPR Investment = 3,2D09 
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Figure 6.1—14. Sensitivity of cost of electricity production to CO2 emissions cost PLN(2005)/MWh 

 
The results are the most sensitive to changes in discount rate, fuel cost and investment 

cost. An increase of a discount rate from 5 to 7 and 10% causes the highest unit cost increase in 
technologies requiring high investment cost, i.e. nuclear and wind power plants. For wind power 
plants with reserve capacity, using 7% discount rate causes unit costs to rise by 13,4% (to 392 
PLN/MWh), while discount rate of 10% rises unit costs by 37,1% (to 473 PLN/MWh). For nuclear 
power plant with EPR reactor technology the same changes cause unit cost to rise by 13,6% (to 
150 PLN/MWh) and 38,5% (to 183PLN/MWh), respectively. At the same time 10% increase or 
decrease of fuel cost causes the highest changes in GTCC technology (8%), while for nuclear 
power plants the same level of change in fuel price causes unit price to deviate by 2,2% (EPR) - to 
2,6%(AP1000). Other analyzed changes (including full load hours and O&M) do not alter the 
results substantially.  
 

External costs of existing power plants 

Apart from applying average European externality estimates in Poland (e.g. Strupczewski 
et al., 2001) there have been several studies devoted to estimating external costs of electricity 
production in Poland. Due to specific energy mix (94% of energy produced with hard coal and 
lignite) these studies focused mostly on thermal PPs / CHPs. For RES usually foreign estimates 
were adopted, partly due to major part of the LCA costs being incurred abroad.  

Several studies identified direct damages (e.g. costs of chimney corrosion), as well as 
ecological and social damages of the whole life cycle in absolute terms – e.g. tons of ash deposited 
on landfills, pollutants emitted to the atmosphere, amount of salt water from mines dumped to 
rivers, years of life lost due to pollution etc. Among this studies the most comprehensive, and thus 
worth mentioning, are: Famielec (1987), Bałandynowicz et al. (1987), Hirschberg and Strupczewski 
(1999), Pinko et al. (2001), Strupczewski (2003), Hirschberg et al. (1998). 

 

  Base scenario
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There have been less systematic studies devoted to estimating externalities of energy 
production in monetary terms. The first notable study was published by Radović (2002). In the 
study the the IAEA’s simplified approach, named SIMPACTS, was applied and its results 
compared with those arrived at using Ecosense and ExternE methodology (European Commission, 
1999).  

The study used two reference coal-fired power plants for comparison of different 
SIMPACTS models (The Simple Uniform World Model – SUWM, The Robust Uniform World Model 
– RUWM, in two variants depending on data available, QUick Estimation of Respiratory health 
Impacts - QUERI, in three variants and URBAN, being a simplified version of QUERI#3). The 
SIMPACTS follows largely the ExternE’s impact pathways approach, major difference being 
simplified methods to approximate changes in concentrations with a simple calculation that either 
does not rely on dispersion modelling at all or, if it does, only to a quite limited extent. None of the 
simplified models involves regional or long range dispersion simulation (the most data-hungry and 
time-consuming part of any externality computation). The goal of this task was comparing the 
results of different simplified approaches with Ecosense calculations.  

The results showed that simplified approaches may generally be good approximation of 
Externe results. Figure 6.1—15 - Figure 6.1—17 below summarise the health results for 10 
reference power plants. The results are calculated for 1998 emissions and production and given in 
Euro (1995).  
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Figure 6.1—15. Comparison of EcoSense and SUWM Estimates for Secondary Pollutants 
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RURAL SITE - Ostrołęka
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Figure 6.1—16. Comparison of EcoSense and Simplified Models Estimates of Health Impacts  for a Primary 

Pollutant and a Rural Site. 
 

URBAN SITE -  Warsaw
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Figure 6.1—17. Comparison of EcoSense and Simplified Models Estimates of Health Impacts  for a Primary 

Pollutant and an Urban Site. 
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Similar conclusions were drawn for the results of damages to Agricultural Crops and 
Building Materials. Table 6.1—15 and Table 6.1—16 below summarize the results of two 
approaches for two reference power plants.  

 
Site / Stack height EcoSense AIRPACTS RRUWM45 
 Local Regional 

(Europe) 
Sum  Local46 Regional 

(Poland) 
Sum 

 Warsaw / 200 m  8 - 48 - 40 - 60 - 2 - 35 - 37 

 Warsaw / 120 m  15 - 47 - 32 - 60 - 3 - 35 - 38 

 Ostrołęka /120 m 11 - 33 - 22 - 64 - 2 - 32 - 34 
Table 6.1—15. EcoSense versus Simplified models: SO2  Impacts on Plants [Euro/ton of SO2] 

 
Site Only  SO2 impact  SO2 + Wet deposition 
 Paint Galv. Steel Sum Paint Galv. Steel 6.1.4 S

u
m 

Urban site – Warsaw       
     EcoSense 40 19 59 127 30 157 

     AIRPACTS 81 1.0 82    

     RRUWM47 44-54 
/17-272) 

0.5-0.6 
/0.2-0.32) 

45-55/ 
17-282) 

   

Rural site – Ostrołęka       
     EcoSense 30 15 45 80 22 102 

     AIRPACTS 44 1.0 45    

     RRUWM48 25.5/0.72) 0.3 /0.012)  26/12)    
Table 6.1—16. EcoSense versus Simplified models: SO2  Impacts on Materials [Euro/ton of SO2] 

 
Apart from the comparisons of results, total external costs of producing electricity and heat 

were estimated for the two reference power plants. The results, included only the generation stage 
of LCA. For PM10, SO2 and NOx only public health impacts have been taken into account (it was 
assumed that the SO2 benefit to crops cancels out the damage to materials). The results are given 
in Table 6.1—17 below.  

 
 Warsaw CHP  Ostrołęka PP 

Energy generation   
    Electricity (GWhe/yr) 2413.7 2698.4 
    Heat (TJ/yr) 18235 - 
Annual impact excluding CO2     
    MEuro/yr 75.9 61.6 
    mEuro/kWhe 31.4 / 12.6 1)  22.8 
    Euro/GJ_heat 0 / 2.5 1) - 

                                                 
45 RRUWM includes only impact inside Polish border. 
46 Local effect estimation was based on average local SO2 concentration taken from QUERI Est.#3 results. 
47 Impact inside Polish border. Lower and upper values are for 200m and 120m stack height, respectively 
48 Total impact/Local impact. Local effect calculated using the local SO2 concentration from QUERI Est.#3 
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Annual impact including CO2  (@ 2.4 
EURO/t_CO2) 

  

    MEuro/yr 83.5 67.4 
    mEuro/kWhe  34.6 / 13.8 1) 25.0 
    Euro/GJ_heat 0 / 2.75 1) - 
1) These numbers represent external cost values when the full damage cost is allocated (1) to electricity generation 
only and (2) to electricity and heat, based on the allocation of fuel chemical energy to electricity and to heat generation 
according to the “physical method” (Polish Standard PN-93/M-35500). In the later case only about 40% of damage is 
allocated to electricity generation. 

Table 6.1—17. Summary of External Costs of Reference Coal Power Plants 

The Radović (2002) study also aimed at estimating aggregated externalities of Polish 
power sector. Using data from 1998 and taking into account only health effects of emissions of 
PM10, SO2, NOx and global warming effects of CO2 emissions, the estimates were calculated for 
virtually all public thermal PPs and CHPs in Poland (for about 20 largest, located close to urban 
areas QUERI#3 model was used). Besides electricity, almost all fossil fuel power plants in Poland 
produce heat, usually a limited amount for local needs, but only facilities whose potential thermal 
co-generation capacity exceeds 30% of steam boiler power are called combined heat and power 
plants (CHP or co-generation plants). All other plants are classified as power plants (PP). 
Allocation of external cost to electricity and heat was based on the allocation of fuel chemical 
energy to electricity and to heat according to “physical method” (Polish Standard PN-93/M-35500). 
For industrial co-generation plants the per tonne of pollutant cost values obtained for public CHPs 
were used, since most of them are located at the same locations and have similar stack heights as 
public CHPs. For hydro plants (3% of total electricity generation) a cost of 3 mEuro/kWh 
(recommended as default value in ExternE project) has been applied. Aggregate data for thermal 
PPs are shown in Table 6.1—18.  

Lignite PP Hard Coal PP Hard Coal CHP ALL Public PP 
Pollutant 

Euro/t mEuro/kWh Euro/t mEuro/kWh Euro/t mEuro/kWh Euro/t mEuro/kWh 
Particulates (PM10) 3966 2.0 5603 2.9 5688 3.8 5174 3.1 
Sulphur-dioxide (SO2)  2712 26.0 2749 16.0 2730 8.6 2728 18.4 
Nitrogen-oxides (NOx)  2491 4.0 2518 4.8 2467 3.2 2497 4.4 
Sub-total - 32.0 - 23.7 - 15.6 - 25.9 
Carbon dioxide (CO2)49  1.4 –4.1 1.6 – 4.6 1.4 –4.1 1.3 - 3.7 1.4 –4.1 0.8 – 2.3 1.4 –4.1 1.3 – 3.8 
Total - 33.6 – 36.6 - 25.0 – 27.4 - 16.4 - 17.9 - 27.2 – 29.7 

Table 6.1—18. Aggregate External Costs from Thermal Public Plants in Poland in 1998 
 

The aggregate external costs of electricity and heat generation from the whole power 
sector (including hydro plants and industrial CHP plants) in Poland are given in Table 6.1—19 and 
Table 6.1—20.  

 
 

                                                 
49 Costs per tonne of CO2 were high (4,1) and low (1,4) values recommended by ExternE at a time [Tol, 
2000] 
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 Electricity generation Heat generation Annual impact 
 GWh % TJ % MEuro % mEuro/kWhe Euro/GJ_heat 
Lignite PP 51797 36% 6245 3% 1676.8 39% 31.9 3.57 
Hard coal PP 62344 44% 22028 10% 1548.2 36% 23.7 3.26 
Hard coal CHP 16798 12% 165841 73% 769.4 18% 15.6 3.06 
Industrial CHP 7488 5% 32319 14% 263.0 6% 16.0 4.44 
Hydro PP 4203 3% 0 - 12.6 0.3 3 - 
ALL Plants 142629 100% 226433 100% 4270.0 100% 25.6 3.35 

Table 6.1—19. Aggregate External Costs from Polish Power Sector in 1998 without CO2 Impacts 
 
 

 Annual generation Annual impact Annual impact 
 Electricity Heat @ 1.4 Euro/t_CO2 @ 4.1 Euro/t_CO2 

 GWh TJ MEuro mEuro/ 
kWhe 

Euro/ 
GJ_heat 

% of 
total MEuro mEuro/ 

kWhe 
Euro/ 

GJ_heat 
% of 
total 

Lignite PP 51797 6245 1758.7 33.5 3.74 39% 1916.8 36.5 4.08 39.2% 
Hard coal PP 62344 22028 1630.0 25.0 3.41 36% 1788.3 27.4 3.70 36.4% 
Hard coal CHP 16798 165841 807.7 16.3 3.21 18% 881.5 17.9 3.50 18% 
Industrial CHP 7488 32319 274.2 16.7 5.0 6% 295.9 18.0 5.0 6% 
Hydro PP 4203 0 12.6 3 0 0.3% 12.6 3 0 0.25% 
ALL Plants 142629 226433 4483.2 26.8 3.5 100% 4885.1 29.1 3.8 100% 

Table 6.1—20. Aggregate External Costs from Polish Power Sector in 1998 with CO2 Impacts 
 

These results were later updated by Strupczewski and Radović (2006) using 
methodological improvements of ExternE developed within NewExt (2004) and aggregated Polish 
emission data per technology and fuel from 2004 (Emitor, 2004). The results are given in Table 
6.1—21.  

Lignite PP Hard Coal PP CHP ALL Public 
Pollutant 

Euro/t mEuro/kWh Euro/t mEuro/kWh Euro/t mEuro/kWh Euro/t mEuro/kWh 
Particulates (PM10) 8085 1,6 11422 3,5 11595 3,9 10547 3,1 
Sulphur-dioxide (SO2)  4514 27,5 4576 18,3 4544 13,6 4541 20,5 
Nitrogen-oxides (NOx)  2080 3,2 2102 3,8 2059 2,4 2085 3,3 
Sub-total - 32.3 - 25.7 - 19,9 - 26,9 
Carbon dioxide (CO2)50  20 23,5 20 19,2 20 13,9 20 19,6 
Total - 55,7 - 44,86 - 33,8 - 46,6 

Table 6.1—21. Aggregate External Costs from Thermal Public Plants in Poland in 2004 
 

More up-to-date estimates were prepared within the EU 5’th Framework Programme 
project ExternE-POL (2004). For two reference plants – Kozienice (hard-coal-fired, 6% of country’s 
electricity production) and Bełchatów (lignite-fired, 18% of country’s electricity production) data was 
collected and externalities per kWh estimated. The results are presented in Table 6.1—22 below. 
                                                 
50 Costs per tonne of CO2 were high (4,1) and low (1,4) values recommended by ExternE at a time [Tol, 
2000] 
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Reported damages were estimated using the ExternE (1999) methodology. The LCA approach 
was applied for some upstream processes, which included mining, transport and preparation of 
fuel. For these stages generic LCA results were used following Röder et al. (2004). 

 
Table 6.1—22. Damages of the coal fuel cycles in cEuro/kWh (2002) 

 

These results were later revised by Kudełko (2004). Here external damages were 
calculated for nine PPs / CHPs (6 hard-coal-fired, 3 lignite-fired,  roughly 50% of country’s 
electricity production) again using ExternE (1999) methodology (EcoSense 4.0). Only operation 
stage of LCA was taken into account. Damages of GHGs were not included. Table 6.1—23 is 
summarizing these results.  
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 Kozienice Bełchatów Łagisza Ostrołęka Dolna Odra Siekierki Pątnów Adamów Połaniec
Health 3,44 4,09 4,18 4,48 3,44 3,21 8,86 3,30 4,20
Crops -0,01 0,01 0,00 -0,04 -0,02 -0,01 -0,02 -0,01 -0,01
Materials 0,22 0,30 0,35 0,24 0,17 0,22 0,58 0,19 0,26
Total 3,66 4,39 4,53 4,69 3,59 3,42 9,42 3,48 4,46

Table 6.1—23. Damages of electricity production by category [cEuro/kWh] 
 

More detailed results of the study, including damages due to global warming, can be found 
in Table 6.1—24 below.  

External costs of Polish power plants, cEuro/kWh 
  Kozienice Bełchatów Łagisza Ostrołęka Dolna Odra Siekierki Pątnów Adamów Połaniec 
human 3,445 4,085 4,175 4,485 3,435 3,206 8,861 3,302 4,202 
crops -0,008 0,006 -0,003 -0,039 -0,022 -0,011 -0,021 -0,012 -0,008 
material 0,219 0,298 0,354 0,242 0,173 0,220 0,583 0,195 0,262 
Total 3,656 4,389 4,527 4,688 3,586 3,415 9,423 3,485 4,456 
Poland 1,414 1,976 2,128 1,572 1,596 1,641 4,735 1,723 1,540 

.6.1.4.1 Total damage estimates of the power generation stage in MEuro/year 
Total 304 1116 127 85 162 137 564 115 280 
Poland 118 502 60 28 72 66 283 57 97 
Other 187 613 67 56 90 71 280 58 183 
% of total 39 45 47 34 45 48 50 49 35 

Damage structure of the power generation stage in MEuro/year 
SO2 265 1055 109 70 136 115 547 89 240 
NOx 25 42 11 9 22 10 0 16 26 
PM10 14 18 8 5 4 12 17 10 14 

Damage estimates of the power generation stage in Euro/t pollutant emitted 
SO2 5945 6059 7284 4551 5559 5938 6014 6022 6452 
NOx 1552 1127 1620 2093 2125 1833 -13 2358 2227 
PM10 6747 7690 10878 5251 5835 7656 7306 7347 7925 

Damage estimates of the power generation stage in cEuro/kWh (including global warming damages) 
SO2 3,183 4,152 3,876 3,904 3,011 2,871 9,136 2,690 3,819 
NOx 0,301 0,165 0,383 0,495 0,497 0,243 -0,002 0,485 0,416 
PM10 0,173 0,072 0,267 0,289 0,079 0,301 0,290 0,310 0,222 
CO2 1,614 2,196 1,828 1,681 1,751 1,450 1,946 1,985 1,665 
Total 5,270 6,585 6,354 6,369 5,338 4,865 11,369 5,470 6,122 

Table 6.1—24. Damages of electricity production in Poland 
 

It is worth noting that the damages per kWh of electricity tend to differ substantially, 
depending on the power plant. This can be clearly seen in Figure 6.1—18 below. The reason for 
this is the process of modernizing Polish public power plants, which was not completed at the time 
of the study.  
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Figure 6.1—18. Externalities per kWh of electricity produced at different power plants [cEuro] 

 
Currently there is an ongoing research on damages of a full fuel cycle of Polish PPs and 

CHPs within the EU 6’th Framework Programme NEEDS project. The results, due in October, 
would provide new, comprehensive estimates of externalities of Polish public coal-fired power 
plants, arrived at with an updated ExternE methodology.   

The estimates of externalities of electricity production for Renewable energy sources are, 
as mentioned above, usually based on other European studies. The range of these estimates for a 
full life cycle is well reported by Strupczewski (2001) and given in Table 6.1—25.  
 
Fuel / technology Health damages [cEuro/kWh] Total costs [cEuro/kWh]51 
Natural gas 0,47   0,57-1,16 
Biomass (wood scraps) 0,29 0,29 
Hydro (river, 500MW) 0,076 0,084-0,13 
Wind (1,5 MW) 0,078 0,086-0,132 
PV 0,609 0,69-1,13 
Nuclear52 0,09 0,1 

Table 6.1—25. Externalities per kWh of electricity produced at non-coal-fired power plants 

 

6.2 Hungary (UWARS) 
Hungary is an energy-poor country, relying on imports for over half of its primary energy 

requirements. Coal, oil and gas reserves are dwindling and, until the economic contraction of the 
early 1990s reduced demand, Hungary also relied upon imports for up to 30% of its electricity 
requirements.  

Over 35% of domestic power generation is derived from the Paks nuclear power plant, with 
fossil fuel plants accounting for almost all of the remaining 65%. Since the mid-1990s, oil and gas 
have accounted for more than half of the electricity from fossil fuel plants. Annual electricity 
                                                 
51 Total costs consist of health costs and global warming at (2,4 – 16,4 Euro/tCO2) 
52 For nuclear power plant damage estimates consist of radiation health damages ( 1,07 YOLL/TWh) and 
energy used for fuel cycle (14,8 YOLL/TWh) assuming electricity coming from Polish electricity mix.  
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consumption currently stands at about 32 TWh, of which about 12% comes from CHP / 
cogeneration plant. Total installed capacity is about 7.5 GW, of which it is estimated that about 
3 GW is seriously outdated and inefficient53. 

The reform of the electricity industry commenced in 1994-95, when Act No. XLVIII of 1994 
on the Production, Transportation and Supply of Electricity was formulated and came into effect, 
the Hungarian Energy Office was established and, in 1995, the privatisation of the public concerns 
in the sector began. 

Privatisation took place in several phases. At present (2007), the majority of power stations 
and 100% of the electricity suppliers (today called network and service provider companies as a 
result of privatisation) are privately owned. 

Since the beginning of the privatisation of the power sector in 1995, the Hungarian Energy 
Office (MEH) has been responsible for all aspects of power sector regulation. Any power plant 
larger than 20MWe (or 50MWe in the case of autoproducers) needs a licence from the Energy 
Office. The sector is organised around the single buyer model, so power plant has first to offer its 
output to MVM, the state-owned company responsible for the grid. Only if MVM do not need the 
power can generators then offer it directly to the regional distribution companies, of which there are 
six. The regional distribution companies are obliged to buy at least 85% of their power from MVM. 
No wheeling is permitted. Direct distribution by generators is permitted only in the case of industrial 
autoproducers selling within the same industrial complex. 

The Hungarian electricity market has a large number of mutually independent market 
players. They are as follows: the power stations; the network companies (MVM Rt., which operates 
the transmission network, and distributors); the systems controller (MAVIR Rt.); public service 
wholesale and public service retail service providers; electricity traders; consumers (authorized and 
public service consumers); small power stations and other users of the system. 

The producers produce the electricity and feed it into the transmission or distribution 
networks. At present, there are 18 licensed producers in the electricity sector. As regards licensing, 
the built-in production capacity of the power stations is the decisive factor, power stations with built-
in capacity of at least 50 MW require licenses. 

The transmission and distribution network licence holders are responsible for the 
"transportation" of electricity, its transmission and distribution from producers to consumers. These 
market players are obliged to provide free access to the networks without discrimination. 

The systems controller plans and controls the operations of the electricity system. It is 
independent of producers, traders and consumers. Its tasks comprise system level operative 
control, resource planning, preparation for network operations, the settlement of electricity and the 
provision of system-level services. 

In Hungary there are 240 district heating systems in operation at 97 settlements and the 
number of heated flats is 650,000. This is about 16% of the total number of flats of the country. A 
further 26% of households receive heat via single building or single apartment central heating 
systems, while 57% rely on individual room heaters and water heaters. Total peak heat demand of 
district heating systems is 6,500 MW (MEH). Natural gas provides around 75% of the heat, coal 
about 20% and oil 2%. The remaining 4% is derived from miscellaneous sources including 
geothermal (IEA, 2004). 

Hungary’s power generation sector is notable for the widespread use of combined heat 
and power (CHP). All except six of the power plants deliver more heat than electricity, so power 
generation can almost be viewed as a by-product of the heat sector. Such wide use of CHP would 
normally be associated with high levels of efficiency but, unfortunately, this is not the case in 
                                                 
53 ECEE, 2002 
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Hungary. The systems are generally in a poor state of repair, with distribution losses of over 20% 
occurring in some systems. 
 

6.2.1 Overview of electricity production in the country 
Total installed capacity of the power sector in Hungary amounts to approximately 8 600 

MW. Hungary is a net importer of energy, with net imports of approximately 75 260 GWh (IEA, 
2006). Aggregate consumption of electricity was 39,3 TWh in 2005 in Hungary. Domestic gross 
production added up to 33 TWh and the country was a net importer of 6,3 TWh in this year 
(Kaderják, 2006). Breakdown of energy production by sources is presented in Table 5.2—1 - Table 
6.2—3 and illustrated with Figure 6.2—1 and Figure 6.2—2. 

 

  
Total Coal Crude 

Oil 
Petroleum 
Products Gas Nuclear .6.2.1.1.1 Hydro Geothermal, 

Solar, etc. 
Combustibles, 
Renewables 
and Waste 

Hungary 10235 2182 1590 0 2366 3120 18 88 871 

Table 6.2—1 Energy Production in 2004 [ktoe]54 
 

 
Electricity [GWh] Heat [TJ] 

coal 8339 11273 
oil 773 1271 
gas 11719 43416 
biomass 699 182 
waste 52 396 
nuclear 11915 633 
hydro 205 0 
geothermal 0 228 
solar PV 0 0 
solar thermal 0 1 
other sources 6 0 
Total 33708 57400 

Table 6.2—2. Energy production data: Electricity/Heat production in 200455 

 

  

Electricity 
Supplied 

Combustible 
Fuels Nuclear Hydro Geoth./Wind/ 

Solar/Other 

Hungary  41 267  20 042  12 413   185  1 353 
Table 6.2—3. Electricity Production in 2006 [GWh]56 

 

                                                 
54 Source: IEA 
55 Source: IEA 
56 Source: IEA 
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Figure 6.2—1. Electricity production mix in Hungary (2004). 

 
 

 
Figure 6.2—2. Heat production mix in Hungary (2004). 

 
The collected data shows that production sources are well diversified. Coal does not play a 

significant role, and according to the state policy, its role will continue to diminish in the future in 
favour of natural gas, nuclear power and RES.  

Hungarian Electricity Board (MVM), a public company, plays the role of single buyer of 
electricity and owns the transmission infrastructure. Also the single nuclear power plant is owned 
by MVM. Altogether there are only 12 electricity production companies. Distribution is divided 
among 6 regional companies. Most production and distribution companies are held fully or partly by 
foreign companies. Electricity production in 2005, according to MVM (2006) statistics, is given in 
Table 6.2—4. 

 



 

CASES – COSTS ASSESSMENT FOR SUSTAINABLE ENERGY MARKETS 

PROJECT NO 518294 SES6 

DELIVERABLE NO. D.6.1 

 

 137 

Fuel GWh % 
Brown coal 1327 3,7 
Lignite 5132 14,4 
Hard coal 517 1,4 

Total coal 6977 19,5 
Fuel oil 466 1,3 
Natural gas 12337 34,5 

Total hydrocarbons 12803 35,8 
Total fossil fuel 19780 55,3 

Wind 10 0,0 
Hydro 208 0,6 
Biomass 1612 4,5 
Other57 300 0,8 
Nuclear 13834 38,7 

Total 35744 100 
Table 6.2—4. Electricity production according to energy sources in 200558 

 
In 2005, compared to the previous year, the application of renewable energy sources for 

electricity production has doubled. The most significant extension resulted in the area of biomass 
utilization with more than twofold increase (of the value of previous year). Also the generation 
volume of wind power plants greatly increased (with about 50% of the volume of previous year) 
and their built-in capacity increased even more (from 3.25 MW of year 2004 to 17.475 MW). With 
this the share of power generation based on renewable resources exceeded the 3.6% quota 
undertaken by Hungary towards the EU for 2010 (MEH, 2007). 

The share of electricity generated from renewable energy in the total national electricity 
consumption in 2006 was 3.8%, which exceeded the share 3.6%, which was undertaken by 
Hungary towards the EU until 2010, however it is 0.5% lower than 4.3% in 2005. This resulted from 
the fact that 0.5-0.7% of the renewable share (4.3% in 2005) derived from the electricity generated 
by the Mátrai Erőmű (Mátra Power Plant) – by burning agricultural wastes and by-products that 
were single purchase. The share excluding this single item would have been 3.6-3.8% in 2005 
(Tóth and Csikós, 2007). 

A new Electricity Act was issued in December 2001. Its main goals include gradual 
adjustment of the Hungarian power sector to free-market conditions, increasing energy efficiency 
and compliance with EU environment protection standards. After 1st of January 2004 regulated 
prices remain only for public utility consumers. Hungarian Energy Office (HEO) regulates prices by 
establishing official tariffs. However eligible producers, consumers and traders can freely agree on 
prices by entering bilateral agreements (EA).  

The share of RES in total electricity generation reaches the level of approximately 3%. 
Production of energy from RES is partly subsidised by the state, with similar system of mandatory 
levels and green certificates as in Poland. In recent years, most of the development is observed in 
the sub-sectors of biomass and wind energy (MVM, 2006). 

 
6.2.2 Evolution of electricity production 

Under the Kyoto Protocol, Hungary is committed to reduce its emissions of greenhouse 
gases by 6% by 2008-2012 from a 1985-1987 baseline. As an economy in transition, Hungary was 
free to choose that baseline, which marked the country’s highest level of energy consumption. By 
1994, a sharp drop in economic activity had led to an 18% decline in emissions. In 1999, Hungary’s 

                                                 
57 Including waste 
58 Source: MVM, 2006 
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emissions still were not substantially higher than in 1994. This results with Hungary almost 
certainly meeting its Kyoto commitments.  

Among the country’s strategic objectives there was a share of renewables in primary 
energy consumption set out to be raised from the current level of 3.6% (1.6% according to IEA 
figures)59 to 5%-6% in the next ten years. 

Based on the principles in “Business Model of the Energy Sector” and related policy 
decisions, the government adopted the Energy Conservation and Energy Efficiency Improvement 
Action Programme (Decision 1107/1999) that began in 2000 and is to run for ten years until 2010. 
Despite its name, the programme also includes initiatives related to renewables. The programme 
lists 15 sectors and areas for financial support. It targets a 7%-8% reduction in energy consumption 
per year (approximately 1.8 Mtoe) until 2010 in those sectors and areas, to be achieved through 
conservation and increased use of renewable (IEA).  

 
 

6.2.3 Principal literature and results 
 
Private costs 
Official Hungarian sources do not report costs of electricity or heat production. Some 

approximation may thus be made with prices of energy. The prices of electricity remain controlled. 
The pricing policy primarily aims at bringing the prices to production costs or international prices by 
eliminating most of the subsidies. Accordingly, a new price system came into effect for electricity. 
The price is determined by the production cost plus a margin of 5%60, which is implemented by 
the privatised electricity distribution companies. The price of electricity in industry is 6.31 
eurocents/kWh, and that of electricity for the households of 8.43 eurocents/kWh (EA). 

Electricity prices remain regulated, and in 2002 were still below economic levels. It is 
estimated that industrial tariffs at the end of 1998 were at around 70% of the long-run marginal cost 
of supply, while the corresponding figure for residential tariffs was only about 35%. This led to 
some disillusionment on the part of foreign investors, who were promised an 8% rate of return61, 
something, which low tariffs made it impossible to achieve. A significant fraction of the regulated 
price is comprised of a capacity fee, which is payable only to dispatchable generators, and is 
therefore unfavourable to cogenerators (ECEE). 

Newly built power plants in Hungary would face the same technological constraints and 
very similar labour and fuel prices as in Poland. For this reason the results given in 2.6.1.3 for 
Poland.  
 

External costs of existing power plants 
Some estimates of damages of production of energy in Hungary were prepared within the 

EU 5’th Framework Programme project ExternE-POL (2004). For three reference plants – Pécs 
(hard-coal-fired, 2% of country’s electricity production), Tiszapalkonya (lignite-fired, 1,5% of 
country’s electricity production) and Tisza II (natural-gas-fired, 7% of country’s electricity 
production) data was collected and externalities per kWh estimated. The results are presented in 
Table 6.2—5 below. Reported damages were estimated using the ExternE (1999) methodology. 
The LCA approach was applied for some upstream processes, which included mining, transport 

                                                 
59 The figures differ because most of the renewable energy used in Hungary is non-commercial firewood, 
which is not included in energy balances 
60 Since 2002 
61 Later lowered to 5% 
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and preparation of fuel. For these stages generic LCA results were used following Röder et al. 
(2004). 

 

 
Table 6.2—5. Damages of the coal fuel cycles in cEuro/kWh (2002) 

 
The high damages per kWh of coal-fired power plants result from the fact, that at the time 

the plants were not equipped with flue gas desulphurization and at the same tile low-quality high 
sulphur content domestic coal was used. This situation is quickly changing in Hungary. More 
detailed results of the same study may be found in Table 6.2—6 below.  

 
    Tisza Pécs Matra Oroszlany Tiszapalkonya Borsod Banhida Ajka 

    natural 
gas 

hard 
coal lignite brown 

coal brown coal brown 
coal 

brown 
coal 

brown 
coal 

building material 0,09 0,54 0,45 3,23 0,79 0,78 1,07 0,15 
Acid Deposition 0,00 0,03 0,02 0,18 0,04 0,04 0,01 0,01 crops 
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N deposition -0,01 -0,01 -0,01 -0,02 -0,01 -0,02 0,00 0,00 
O3 0,13 0,00 0,00 0,25 0,15 0,00 0,22 0,12 

 

SO2 0,00 -0,02 -0,01 -0,11 -0,03 -0,03 -0,09 -0,03 
PM10 0,05 0,21 0,04 0,09 0,35 0,34 0,30 0,12 

nitraes 0,18 0,09 0,17 -0,78 0,01 0,31 -0,10 0,09 
O3 0,03 0,00 0,00 0,06 0,04 0,00 0,05 0,03 

SO2 0,00 0,00 0,00 0,03 0,01 0,01 0,01 0,00 
morbidity 

sulphates 0,39 3,43 2,60 21,15 4,82 4,51 5,67 0,91 
PM10 0,07 0,31 0,06 0,14 0,53 0,50 0,45 0,17 

nitraes 0,27 0,13 0,25 -1,16 0,02 0,46 -0,15 0,14 
O3 0,00 0,00 0,00 0,01 0,00 0,00 0,01 0,00 

SO2 0,02 0,13 0,10 0,81 0,19 0,18 0,33 0,03 
mortality 

sulphates 0,60 5,26 3,98 32,40 7,38 6,92 8,69 1,40 

  Total 1,47 9,53 7,24 56,48 13,56 12,85 15,84 2,78 
Table 6.2—6. Damages of the coal fuel cycles in cEuro/kWh (2002) 

 
The importance of flue gas desulphurization is well illustrated with older results, using 

emission data from 1999 and 2000 and older ExternE methodology (1995). The estimates were 
calculated using EcoSense 2.0. Table 6.2—7 below summarizes health effects of several fossil-
fuel-fired power plants.  
 

Health 
effect 

Pollutant Natural 
gas 

Lignite Lignite 
(with DS) 

Hard 
coal 

Hard coal (switch 
to natural gas) 

Hard Coal (switch 
to gas turbine) 

TSP 0,66 1,78 1,78 1,60   
NOx, 
nitrate 

0,77 0,71 0,71 0,01 6,01 3,35 

SO2, 
sulphate 

3,96 30,77 3,04 23,38  1,20 Morbidity 

Subtotal 5,39 33,27 5,54 24,98 6,01 4,55 
TSP 5,14 16,07 16,07 12,51   
NOx, 
nitrate 

6,08 6,45 6,45 0,18  30,23 

SO2, 
sulphate 

32,81 289,96 28,69 193,54 54,26 11,35 Mortality 

Subtotal 44,03 312,48 51,21 206,23 54,26 41,57 
Total 49,43 345,75 56,75 231,21 60,27 46,12 

Table 6.2—7. Human health external costs related to fossil-fired energy generation in cEUR/kWh 
 

Currently there is an ongoing research on damages of a full fuel cycle of Hungarian PPs 
and CHPs within the EU 6’th Framework Programme NEEDS project. The results, due in October, 
would provide new, comprehensive estimates of externalities of Hungarian public coal-fired, 
natural-gas-fired, biomass and nuclear power plants, as well as wind power energy estimates, 
arrived at with an updated ExternE methodology.   
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6.3 Czech Republic (CUEC) 
 

6.3.1 Overview of electricity production in the country 
 Electricity production is the most important segment of energy sector in the Czech 

Republic. Electricity generation, on the contrary to other parts of energy sector, has been stable 
since the beginning of 1990s. The electricity sector is the main consumer of brown coal and the 
only consumer of uranium that is produced in the Czech Republic. As Table 6.3—1 shows, yearly 
electricity production is more than 80 terawatt hours. 

 
Fuel 2005 2006 

Coal 49.8 50.1 

Oil 0.3 0.3 

Natural gas 4.0 3.5 

Combustible renewables & waste 0.7 0.9 

Nuclear 24.7 26 

Hydro 3.0 3.3 

Wind 0.02 0.02 

Total 82.6 84.3 

Table 6.3—1 Electricity generation by source in the Czech Republic (TWh). Source: OECD and IEA, 2007a 

 
Coal is a dominant fuel used for the Czech electricity generation. In 2006, almost 60% of 

the total electricity production was generated in coal-fired power plants. Other major electricity 
producing technology is nuclear power, which accounted for 31% of electricity generation. Natural 
gas and hydro contribute to electricity generation by 4% each. The share of electricity production 
for the Czech Republic by fuel is shown in Figure 6.3—1. 
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Figure 6.3—1 Electricity generation by fuel in the Czech Republic (in %). Source: OECD and IEA, 2007a  

 
Electricity production from combined heat and power plants (CHP) is quite common in the 

Czech Republic Figure 6.3—2 depicts the share of electricity generation in electricity and CHP 
plants from combustible fuels in 2005. Coal, the dominant fuel used for electricity production, is 



 

CASES – COSTS ASSESSMENT FOR SUSTAINABLE ENERGY MARKETS 

PROJECT NO 518294 SES6 

DELIVERABLE NO. D.6.1 

 

 142 

burned in CHP plants in more than 30%. Natural gas is burned in CHP plants in 95 % and 
combustible renewables in 65%.  
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Figure 6.3—2 Czech electricity production from combustible fuels in electricity plants and combined heat and 

power plants in 2005, %. Source: OECD and IEA, 2007a 
 
Net maximum electricity generating capacity of Czech power plants was 17.42 GW in 

2005; see Figure 6.3—3. Electricity is predominantly generated by main producers with 15.12 GW 
of installed capacity. Power plants that burn combustible fuels account for 66% and two nuclear 
power plants account for 22% of installed capacity. 
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Figure 6.3—3 Net maximum electricity generating capacity in the Czech Republic (in GW, 2005). Source: OECD 

and IEA, 2007a 

 
6.3.2 Evolution of electricity production during the next 25 years 

The development of electricity production presented for the Czech Republic comes from 
Energy Policies of IEA countries: The Czech Republic 2005 Review (OECD and IEA, 2005a) and 
Energy Balances of OECD Countries (OECD and IEA, 2005b). Table 6.3—2 shows an electricity 
supply progression by fuel from 2005 to 2030. There is a noticeable decrease in electricity 
production during 2005 and 2010, i.e. from 82.6 to 70.5 TWh. After 2010 OECD projection 
assumes an increase of electricity generation up to 74.05 TWh (2020) and 73.47 TWh (2030). 
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Fuel 2005 2010 2020 2030 
Coal 49.80 33.53 29.99 28.87 

Oil 0.30 1.41 1.93 1.98 

Natural gas 4.00 6.99 12.66 12.71 

Comb. renew. & waste 0.70 0.92 1.70 2.13 

Nuclear 24.70 25.91 25.84 25.86 

Hydro 3.00 1.84 1.93 1.91 

Solar, wind, other 0.02 0.00 0.00 0.07 

Total 82.60 70.59 74.05 73.47 

Table 6.3—2 Electricity generation by source in the Czech Republic, 2005 to 2030 (TWh). Source: OECD and 
IEA, 2005a; 2005b 

 
OECD projections from 2005 to 2030 show a continued decrease in electricity generation 

from coal-fired power plants (see Figure 6.3—4). Electricity supply produced from coal will drop 
from 60% (2005) to 40% (2030). Conversely, the projections assume the growth of electricity 
production based on natural gas up to 17% in 2030. 
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Figure 6.3—4 Trends in electricity generation in the Czech Republic (%).Source: OECD and IEA, 2005a; 2005b 

 
6.3.3 Principal literature and results 

 
Private costs 
The review of private costs estimates comes from the OECD study Projected Costs of 

Generating Electricity: 2005 Update (OECD and IEA, 2005c). This study has been undertaken 
jointly by the Nuclear Energy Agency and by the International Energy Agency. In this study, the 
data on generating costs were provided by national experts and estimates are based on the 
levelised lifetime cost approach. 

In the case of the Czech Republic, private costs were estimated for 13 power plants. It 
comprises 4 coal-fired power plants, 1 natural gas-fired plant, 1 nuclear power plant, 2 combined 
heat and power plants (CHP) and 5 plants using renewable fuels or technologies. 
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The technical specifications of Czech power plants are introduced in Table 6.3—3. For 
each power plant, the technical specifications such as plant type, fuel used, emission control 
equipment, net capacity, thermal efficiency, site specification (if existing or new) or CO2 emissions 
are reported. 
 

 Technology Net capacity 
(MWe) 

Thermal 
efficiency (%) 

Cooling 
tower Site 

CO2 
emission 
(t/MWh) 

Coal_1 PF, brown coal / FGD, de 
NOX, dust 

6x300 37 Yes Existing 0.99 

Coal_2 FBC, brown coal/de SOX 6x150 37 Yes Existing 0.99 

Coal_3 IGCC/de SOX, de NOX 5x300 43 Yes Existing 0.78 

Coal_4 FBC, brown coal & 
biomass/de SOX 

6x150 37 Yes Existing 0.78 

Gas CCGT/de NOX 5x250 56 Yes Existing 0.36 

Nuclear VVER/OT 3x1 000 30.8 Yes Existing - 

CHP_1 Coal/B+ST/FGD, de NOX, 
ESP 

300 (MWe) 
120 (MWth) 

37* Yes Existing/DH 2 300** 

CHP_2 Gas/CCGT/de NOX 250 (MWe) 
120 (MWth) 

56* Yes Existing/DH 670** 

CR Comb. renew./FF, de 
NOX, de SOX 

1x10 26 Yes New - 

WI Waste/FF, de NOX, de 
SOX 

5x10 26 Yes Existing 88** 

   Equipment 
availability (%) 

Average 
load factor 

(%) 

  

Hydro Small hydro 1x3 95 55 New - 

Wind Wind 6x1.5 87 17 New/Onshore - 

Solar Solar PV 4x0.025 90 9 Existing - 

Notes: 

* electricity only 

** CO2 emission in 103 t/year 

Table 6.3—3 Czech power plant specifications. Source: OECD and IEA, 2005c 

 
The levelised lifetime cost approach is based on the following assumptions: economic 

lifetime of energy equipment is 40 years, average load factor for base-load plants is 85% and 
discount rates are 5% and 10%. Electricity generation costs take into account investment costs 
(the expenses on construction, refurbishment and decommissioning costs), operation and 
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maintenance (O&M) costs and fuel costs. The overall costs do not include distribution a 
transmission costs. 

The electricity generation costs for combined heat and power (CHP) plant are expressed 
as the net costs needed for electricity generation. The value of the heat generated (heat credit) is 
subtracted from the overall costs. For the waste incineration (WI) plant, the fuel costs are negative 
considering the credit for burning waste. 

The projected generation costs for the Czech power plants are presented in Table 6.3—4 
and Table 6.3—5 at 5% and 10% discount rates respectively. The values are expressed in c€ per 1 
kWh of produced electricity. Table 6.3—4 and Table 6.3—5 also provide the detailed cost 
specifications, i.e. the value of investment, O&M and fuel costs and heat credit. 
 
Technology Investment O&M Fuel Heat credit Total 
Coal_1 0.89 0.36 1.25 - 2.50 

Coal_2 0.95 0.37 1.25 - 2.57 

Coal_3 1.48 0.37 1.61 - 3.45 

Coal_4 1.01 0.37 1.71 - 3.09 

Gas 0.64 0.17 3.42 - 4.22 

Nuclear 0.86 0.71 0.38 - 1.96 

Hydro 3.05 0.90 - - 3.94 

Wind 6.53 1.32 - - 7.85 

Solar 117.49 11.72 - - 129.21 

CR 1.62 1.14 4.49 - 7.24 

WI 3.03 2.18 -5.55 - -0.34 

CHP_1 1.02 0.39 1.25 0.06 2.60 

CHP_2 0.74 0.21 3.54 0.20 4.30 

Table 6.3—4 Projected generation costs at 5% discount rate (2005, c€/kWh). Source: OECD and IEA, 2005c 

 
At 5% discount rate, the overall generation costs range between -0.34 and 129 c€/kWh for 

the Czech electricity generation technologies. For the waste incineration plant, the projected 
generation costs are very low, even negative, due to high credit for burning waste. Conversely, the 
total costs of solar generated electricity technology are very high, more than 129 c€/kWh, because 
of extremely high investment costs. 

For coal-fired power plant, the electricity costs range between 2.50 and 3.45 c€/kWh. 
Generally, fuel costs account for 50% of the total costs; investment costs represent more than 
30%. 

The costs of generating electricity from gas-fired power plant are more than 4.2 c€/kWh. In 
this case, fuel costs represent 80% of the total costs. The results for power plant fired biomass 
show that fuel costs exceed 60% of the total projected costs that are 7.24 c€/kWh. 

The levelised costs of nuclear electricity are 2.7 c€/kWh. Investment costs represent the 
largest portion of the total costs, more than 43%, while O&M costs account for 36%. 

The hydro power plant is represented by high construction costs covering almost 80% of 
the total costs that are 3.9 c€/kWh. Also the wind power plant has a dominant share of investment 
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costs (83%). The total costs of electricity from wind (7.8 c€/kWh) are twice higher than the costs for 
hydro power plant.  

The heat credit for CHP plants represents only 2% – 4% of the residual costs of electricity 
production. The total costs are more or less the same as for coal-fired power plants. The range is 
3.3 – 4.8 c€/kWh. 

At 10% discount rate, the projected generation costs range between 1.75 and 159 c€/kWh 
as reported in Table 6.3—5. The interpretation of the results is almost the same as in the previous 
case (5% discount rate). 

 
Technology Investment O&M Fuel Heat credit Total 
Coal_1 1.62 0.35 1.19 - 3.15 

Coal_2 1.72 0.37 1.19 - 3.26 

Coal_3 2.69 0.37 1.55 - 4.59 

Coal_4 1.83 0.37 1.68 - 3.87 

Gas 1.10 0.17 3.37 - 4.64 

Nuclear 1.56 0.71 0.40 - 2.69 

Hydro 5.52 0.89 - - 6.42 

Wind 10.95 1.31 - - 12.26 

Solar 147.79 11.70 - - 159.49 

CR 2.92 1.14 4.49 - 8.54 

WI 5.13 2.18 -5.55 - 1.75 

CHP_1 1.86 0.39 1.19 0.06 3.37 

CHP_2 1.29 0.21 3.49 0.19 4.81 

Table 6.3—5 Projected generation costs at 10% discount rate (2005, c€/kWh). Source: OECD and IEA 2005c 

 
External costs 
The external costs assessment using ExternE methodology was carried out in the Czech 

Republic in two research projects. The first was ExternE-Pol: “Externalities of Energy - Extension of 
Accounting Framework and Policy Applications” and was funded by the European Commission in 
the period of 2002 – 2004. The second project „External costs of electricity and heat production 
and methods of their internalisation“ was financed by the Czech Ministry of the Environment and 
was realized in 2003 – 2005. 
 

External costs in ExternE-Pol project were estimated for 3 reference power plants. This 
comprises several types of coal-fired power plants combusting hard coal, brown coal and lignite. 
The technical characterizations of the analysed power plants are introduced in Table 6.3—6. For 
each reference power plant, the technical specifications such as technology, fuel used, installed 
capacity, net efficiency, electricity supply and emissions are reported (Melichar et al., 2004). 
 
  Hard coal Brown coal Lignite 

Technology Dry-bottom boiler, FGD, de 
NOX, dust 

Dry-bottom boiler, FGD, de 
NOX, dust FBC, FGD, de NOX, dust 
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Installed capacity (MWe) 800 1000 105 

Net efficiency (%) 36 33 45 
Net electricity supply per year 
(GWh) 2 462 6 270 246 

SO2 (t/year) 1 409 8 679 802 

NOX (t/year) 3 740 15 967 286 

Particulates (t/year) 129 617 37 

CO2 (thous. t/year) 6 040 2 271 377 

Table 6.3—6 Power plant specifications in ExternE-Pol project. Source: Melichar et al., 2004 

 
External costs assessment in the Czech research project financed by Ministry of the 

Environment was carried out for 11 power plants. External costs were assessed for 3 coal-fired 
power plants, 1 nuclear power plant, 1 CHP plant, 2 natural gas-fired plants, 1 energogas-fired 
power plant, 1 heavy fuel oil-fired power plant and 2 biogas-fired plants. The technical 
specifications such as fuel used, installed capacity, electricity supply and emissions are reported in 
Table 6.3—7 (Melichar et al., 2005). 
 
Fuel Installed capacity 

(MWe) 
Net electricity supply 

per year (GWh) 
SO2 (t/year) NOX (t/year) Particulates 

(t/year) 
hard coal 800 2 127 1 377 3 598 121 

brown coal 1 000 6 339 8 264 15 247 414 

lignite&biomass 105 275 2 087 229 50 

CHP 352 1 288 1 720 1 062 50 

nuclear 2 000 10 385 - - - 

energogas 374 1 781 0.38 292 24 

natural gas 1 1.3 6 0.08 23 0.08 

natural gas 2 95 227 0.12 73 1.17 

heavy fuel oil 12 43 832 213 19 

bio_agri 0.24 0.82 0.001 0.260 0.003 

bio_sew 0.123 0.70 0.007 0.280 0.014 

Table 6.3—7 Power plant specifications in Czech research project. Source: Melichar et al., 2005 

 
The external costs for Czech power plants are presented in Table 6.3—8. The results are 

expressed in c€ of 2005 per 1 kWh of produced electricity. Table 6.3—8 also provides the detailed 
external cost specification according to damage on human health, non-human impacts (buildings 
and crops) and damage related to climate change and up-stream processes. 
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Project Fuel Human health Non-human Climate 
change 

Up-stream Total 

Hard coal 0.89 0.05 2.01 0.35 3.30 

Brown coal 1.60 0.08 2.14 0.08 3.90 

Ex
te

rn
E-

Po
l 

Lignite 2.35 0.16 3.57 0.15 6.23 

Hard coal 0.91 0.06 2.26 nq. 3.24 

Brown coal 1.68 0.08 3.62 nq. 5.38 

Lignite&biomass 3.04 0.22 3.44 nq. 6.70 

CHP 1.37 0.08 2.30 nq. 3.75 

Nuclear 0.03 nq. nq. nq. 0.03 

Energogas 0.06 0.00 0.98 nq. 1.05 

Natural gas 1 0.83 0.02 1.08 nq. 1.94 

Natural gas 2 0.10 0.00 0.77 nq. 0.88 

Heavy fuel oil 3.43 0.25 3.05 nq. 6.73 

Bio_agri   nq. nq. 0.12 

Cz
ec

h 
Mi

ni
st

ry
 o

f t
he

 E
nv

iro
nm

en
t 

Bio_sew   nq. nq. 0.18 

Table 6.3—8 External costs for Czech power plants (2005, c€/kWh).Source: Melichar et al., 2004; 2005 

 
The total external costs range between 0.03 and 6.73 c€/kWh for the Czech electricity 

generation technologies. For the nuclear power plant, external costs are very low because damage 
associated with up-stream and down-stream processes were not counted. Conversely, the total 
costs of heavy fuel oil-fired power plant are almost 7 c€/kWh because of quite high damage on 
human health and climate change. 

For coal-fired power plant, external costs range between 3.24 and 6.70 c€/kWh according 
to the type of coal fired in a boiler. Higher external costs are related to power plants combusting 
lignite of low quality. External costs for CHP plant (3.75 c€/kWh) are similar as the values for hard 
coal-fired power plant. 

External costs of generating electricity from gas-fired power plants range between 0.88 
and 1.94 c€/kWh. In this case, damage related to climate change is dominant part of the total 
costs. The same situation is for energogas-fired technology where external costs amount to 1.05 
c€/kWh. 

The biogas-fired power plants are represented by low external costs below 0.20 c€/kWh. 
The biogas plant using agricultural waste has external costs around 0.12 c€/kWh. The biogas plant 
fuelled by gas arising from sewage effluent has external costs around 0.18 c€/kWh. 
 

6.4 Slovak Republic (CUEC) 
 

6.4.1 Overview of electricity production in the country 
In 2006, total electricity generation was 31.4 TWh in Slovakia that is almost the same as in 

2005. The structure of Slovak electricity production by source is presented in Table 6.4—1 and is 
expressed in terawatt hours. 
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Fuel 2005 2006 
Coal 6 5.9 

Oil 0.7 0.7 

Natural gas 2.2 2.1 

Comb. renew. & waste 0.1 0.1 

Nuclear 17.7 18 

Hydro 4.7 4.6 

Wind 0.01 0.01 

Total 31.5 31.4 

Table 6.4—1 Electricity generation by source in the Slovak Republic (TWh). Source: OECD and IEA, 2007a 

 
Nuclear is a dominant fuel used for Slovak electricity production. In 2006, around 57% of 

the total electricity production was generated in nuclear power plants. Other major part of electricity 
production comes from coal-fired power plants that accounted for 19% of generation. Hydro and 
natural gas contribute to electricity generation by 15% and 7% respectively. The share of electricity 
generation by fuel used for the Slovak Republic is presented in Figure 6.4—1. 
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Figure 6.4—1 Electricity generation by fuel in the Slovak Republic (in %). Source: OECD and IEA, 2007a 

 
As Figure 6.3—4 depicts, majority electricity production from combustible fuels is 

generated in combined heat and power plants. 
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Figure 6.4—2 Slovak electricity production from combustible fuels in electricity plants and combined heat and 

power plants in 2005, %. Source: OECD and IEA, 2007a 

 
Total installed capacity in Slovakia at the end of 2005 was 8.25 GW, see Figure 6.4—3. 

According to fuel source, the capacity is roughly balanced among nuclear power plants (2.64 GW), 
coal-fired power plants (3.1 GW) and hydro power plants (2.51 GW). Industrial self-producers have 
0.56 GW of installed capacity mostly based on coal-fired technologies. 
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Figure 6.4—3 Net maximum electricity generating capacity in Slovakia (in GW, 2005). Source: OECD and IEA, 

2007a 
 

6.4.2 Evolution of electricity production during the next 25 years 
Electricity generation in the Slovak Republic is forecast to decrease by 6% (1.82 TWh) 

between 2005 and 2010. After 2010 OECD projection (OECD and IEA, 2005b; 2006) presumes an 
increase in electricity production by 26% (8.02 TWh). This forecast is presented in Table 6.4—2. 
 
Fuel 2005 2010 2020 2030 
Coal 6.00 4.96 4.50 4.00 

Oil 0.70 0.74 0.80 0.72 

Natural gas 2.20 4.01 4.19 2.00 

Comb. renew. & waste 0.10 0.39 0.59 1.28 
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Nuclear 17.70 14.01 18.01 23.00 

Hydro 4.70 5.46 5.99 6.03 

Wind 0.01 0.00 0.03 0.04 

Geothermal 0.00 0.09 0.48 0.60 

Total 31.50 29.68 34.64 37.70 

Table 6.4—2 Electricity generation by source in Slovakia, 2005 to 2030 (TWh). Source: OECD and IEA, 2005b; 
2006 

 
OECD forecast shows a decrease in electricity generation from coal-fired power plants as 

presented in Figure 6.4—4. Electricity supply produced from coal will drop from 19% (2005) to 10% 
(2030) expressed in percentage terms. Conversely, the projections suppose the growth of 
electricity production based on nuclear up to 61% in 2030. 
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Figure 6.4—4 Trends in electricity generation in the Slovak Republic (%). Source: OECD and IEA, 2005b; 2006 

    
6.4.3 Principal literature and results 

 
Private costs 
Private costs estimates for Slovakia are taken from OECD study (OECD and IEA, 2005c). 

Private costs were provided for 6 power plants. This comprises 2 coal-fired power plants, 1 natural 
gas-fired plant, 1 nuclear power plant, 1 combined heat and power plant and 1 hydroelectric plant. 
The technical characteristics of these reference technologies are specified in Table 6.4—3.  
 

  Technology Net capacity 
(MWe) 

Thermal 
efficiency (%) 

Cooling 
tower 

Site CO2 emission
(t/MWh) 

Coal_1 FBC/de SOX, de NOX, ESP 2x114 34.7 No Existing 0.865 

Coal_2 FBC, lignite/de SOX, de NOX, 
ESP 

1x114.4 34.5 Yes Existing 0.973 

Gas CCGT/LNB 1x391 54.5 Yes Existing 0.337 
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Nuclear VVER/OT 4x447 30.3 Yes Existing - 

CHP Lignite/FBC/de SOX, de NOX, 
ESP 

19.5 (MWe) 
98 (MWth) 

88.2 Yes Existing/DH 208* 

     Equipment 
availability (%) 

Average 
load factor 

(%) 

  

Hydro Run of the river small hydro 2x1.35 95 57 New - 

Notes: 

* CO2 emission in 103 t/year 

Table 6.4—3 Slovak power plant specifications. Source: OECD and IEA, 2005c 

 
At 5% discount rate, the total generation costs range between 2.27 and 4.84 c€/kWh for 

Slovak electricity generation technologies. For coal-fired power plants, the electricity costs range 
between 4.06 and 4.84 c€/kWh. The costs of generating electricity from gas-fired power plant (4.75 
c€/kWh) are comparable to coal technologies. The levelised costs of nuclear electricity are 2.66 
c€/kWh. At a 5% discount rate, hydroelectricity generation costs are 3.37 c€/kWh. 

At 10 % discount rate, generation costs range between 3.40 and 5.55 c€/kWh as reported 
in Table 6.4—4. 

 
Technology Investment O&M Fuel Heat credit Total 
  5% discount rate    

Coal_1 0.98 0.82 2.26 - 4.06 

Coal_2 0.96 0.82 3.05 - 4.84 

Gas 0.51 0.54 3.70 - 4.75 

Nuclear 1.28 0.89 0.49 - 2.66 

Hydro 2.64 0.74 - - 3.37 

CHP 1.61 1.15 1.20 1.67 2.27 

  10% discount rate    
Coal_1 1.72 0.82 2.17 - 4.69 

Coal_2 1.71 0.82 2.94 - 5.47 

Gas 0.77 0.54 3.65 - 4.96 

Nuclear 2.47 0.89 0.50 - 3.87 

Hydro 4.81 0.74 - - 5.55 

CHP 2.79 1.15 1.15 1.67 3.40 

Table 6.4—4 Projected generation costs for Slovak power plants at 5% and 10% discount rate (2005, c€/kWh). 
Source: OECD and IEA, 2005c 

 
External costs 
The external costs calculation using ExternE methodology has not been carried out in the 

Slovak Republic yet. The research project NEEDS that is currently funded by the European 
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Commission will bring the external cost assessment for Slovakia. The results are expected in 
summer 2008. 

In the Slovakian case, rough estimates of external costs were assessed in ExternE-Pol 
project using Uniform World Model. External costs were estimated for 4 reference power plants. 
This comprises combustible-fired power plants using hard coal, brown coal, natural gas together 
with high fuel oil and natural gas mixed up with hard coal. The technical specifications of these 
power plants are reported in Table 6.4—5. 
 

Fuel Installed capacity (MWe) Net electricity supply per 
year (GWh) 

Hard coal 660 2 193 

Brown coal 509 1 862 

Natural gas and high fuel oil 880 392 

Natural gas and hard coal 112 422 

Table 6.4—5 Slovakian power plant specifications. Source: ExternE-Pol 

 
External costs assessed by Uniform World Model for Slovakia are presented in Table 6.4—

6. The values range between 2.16 and 21.98 c€/kWh. External costs are very low for natural gas 
mixed up with high fuel oil (2.16) c€/kWh. Conversely, external costs for hard coal-fired power plant 
are almost 22 c€/kWh. The reason behind such high value is that power plant is not equipped with 
emission control equipment. 
 

Fuel c€/kWh 
Hard coal 21.98 

Brown coal 20.57 

Natural gas and high fuel oil 2.16 

Natural gas and hard coal 8.32 

Note: Uniform World Model calculation, 2004 

Table 6.4—6 External costs for Slovak power plants (2005, c€/kWh). Source: ExternE-Pol 

 

6.5 Slovenia (CUEC) 
 

6.5.1 Overview of electricity production in the country 
In 2005, total electricity production was 15.1 TWh in Slovenia (15.3 TWh in 2004). The 

structure of Slovenian electricity production by source is presented in terawatt hours in Table 6.5—
1. 
 

Fuel 2004 2005 
Coal 5.2 5.3 

Oil 0.0 0.0 
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Natural gas 0.4 0.3 

Comb. renew. & waste 0.1 0.1 

Nuclear 5.5 5.9 

Hydro 4.1 3.5 

Wind - - 

Total 15.3 15.1 

Table 6.5—1 Electricity generation by source in Slovenia (TWh). Source: OECD and IEA, 2007b 

 
In 2005, around 39% of Slovenian electricity production was generated in nuclear power 

plants. Coal-fired power plants contributed to electricity generation by 35% and hydro power plants 
by 23%. The share of electricity generation by fuel is presented in Table 6.5—1. 
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Figure 6.5—1 Electricity generation by fuel in Slovenia (in %). Source: OECD and IEA, 2007b 

 
6.5.2 Evolution of electricity production during the next 25 years 

The development of electricity generation presented for Slovenia comes from Slovenian 
National Energy Plan. Table 6.5—2 shows an electricity generation progression by source from 
2005 to 2030. The projection assumes an increase of electricity generation from 2005 to 2020 by 
22% (3.36 TWh). 

 
Fuel 2005 2010 2015 2020 
Nuclear 5.81 5.45 5.36 5.36 

Thermo 5.42 5.84 6.34 8.01 

Hydro, wind 3.94 4.51 4.95 5.16 

Total 15.17 15.8 16.66 18.53 
Table 6.5—2 Electricity generation by source in Slovenia, 2005 to 2020 (TWh). Source: Slovenian National 

Energy Plan (OG RS no. 57/04) 
 



 

CASES – COSTS ASSESSMENT FOR SUSTAINABLE ENERGY MARKETS 

PROJECT NO 518294 SES6 

DELIVERABLE NO. D.6.1 

 

 155 

6.5.3 Principal literature and results 
 

Private costs 
Calculation of private costs for Slovenia comes from OECD study “Energy Policies of 

Slovenia: 1996 Survey” (OECD, 1996). OECD study reported the average costs of electricity 
production in values of 1995. These values were converted into Euro cents for 2005. Average 
costs for lignite-fired power plant are 5.31 c€/kWh (including depreciation). The costs of electricity 
generated at coal/gas fired power plant is 10.41 c€/kWh. The average cost of generating electricity 
at nuclear power plant without provisions for decommissioning is 5.28 c€/kWh. The average costs 
of electricity production at hydro power plant is 2.07 c€/kWh, see Table 6.5—3. 
 
Technology No. of units Net capacity 

(MWe) 
Electricity output 

(GWh) 
Generation costs 

(c€/kWh, 2005) Notes 

Lignite 5 669 2 896 5.31 including 
depreciation 

Coal/gas&oil 1/2 105/59 619 10.41  

Nuclear 1 632 4 391 5.28 
without provisions 
for 
decommissioning 

Hydro    2.07   
Table 6.5—3 Slovenian plant specifications and generation costs. Source: OECD, 1996 

 
External costs 
External costs calculation has not been carried out in Slovenia yet. This is the reason why 

external costs for Slovenia are not presented in this report. 
 

6.6 Romania (CUEC) 
 

6.6.1 Overview of electricity production in the country 
In 2005, total electricity generation was 59.4 TWh in Romania (56.5 TWh in 2004). 

Electricity production by source is shown in Table 6.6—1. 
 

Fuel 2004 2005 
Coal 21.8 22.1 

Oil 2.2 1.9 

Natural gas 10.5 9.6 

Comb. renew. & waste 0.0 0.0 

Nuclear 5.5 5.6 

Hydro 16.5 20.2 

Wind - - 

Total 56.5 59.4 

Table 6.6—1 Electricity generation by source in Romania (TWh). Source: OECD and IEA, 2007b 
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Coal-fired electricity production accounts for more than one third of generation (37%), 
followed by hydro-power plants (34%). Natural gas-fired power plants supply almost 16% of the 
domestic electricity production. Nuclear power plant contributes to electricity generation by 9%. 
The share of electricity production for Romania by fuel is shown in Figure 6.6—1. 
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Figure 6.6—1 Electricity generation by fuel in Romania (in %). Source: OECD and IEA, 2007b 

 
6.6.2 Evolution of electricity production during the next 25 years 

Table 6.6—2 presents final electricity consumption forecast for Romania. This forecast was 
prepared by Romanian Ministry of Industry and Trade and published in an Energy Strategy paper. 
The strategy sets out three scenarios for the development of electricity consumption: (i) inertial, (ii) 
restructuring, and (iii) maximum development (OECD and IEA, 2000). 

 
Scenario 2000 2005 2010 2015 2020 
Minimum 45 51 57 63 68 

Average 45 53.5 62 70 79 

Maximum 47.5 58 71 85.5 100 

Table 6.6—2 Final electricity consumption forecast for Romania, 2000 to 2020 (TWh). Source: OECD and IEA, 
2000 

 
6.6.3 Principal literature and results 

 
Private costs 
Private costs estimates for Romania are taken from OECD study (OECD and IEA, 2005c). 

Private costs were provided only for 2 power plants. It comprises 1 coal-fired power plant and 1 
nuclear power plant. The technical characteristics of these reference technologies such as installed 
capacity, efficiency and CO2 emissions are specified in Table 6.6—3.  
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 Technology Net capacity 
(MWe) 

Thermal 
efficiency 

(%) 
Cooling 
tower Site 

CO2 
emission 
(t/MWh) 

Coal PF/de SOX, de NOX, particles 2x296 29 Yes Existing 1.133 

Nuclear PHWR/OT 3 x 665 30.7 No Existing - 

Table 6.6—3 Romanian power plant specifications. Source: OECD and IEA, 2005c 

 
As presented in Table 6.6—4, the total generation costs for coal-fired power plant are 3.87 

c€/kWh and 4.38 c€/kWh at 5% and 10% discount rates respectively. At 5% discount rate fuel 
costs account for 65% of the total costs; investment costs represent more than 30%. 

The levelised costs of nuclear electricity are 2.6 c€/kWh and 4.19 c€/kWh at 5% and 10% 
discount rates respectively. Investment costs represent the largest portion of the total costs, more 
than 61% at 5% discount rate and even more at 10% discount rate (almost 76%). 

 
Technology Investment O&M Fuel Total 

  5% discount rate   

Coal 1.22 0.12 2.53 3.87 

Nuclear 1.59 0.78 0.24 2.60 

  10% discount rate   
Coal 1.72 0.12 2.53 4.38 

Nuclear 3.17 0.78 0.24 4.19 

Table 6.6—4 Projected generation costs for Romanian power plants at 5% and 10% discount rate (2005, 
c€/kWh). Source: OECD and IEA, 2005c 

 
External costs 
For Romania, external costs were calculated using ExternE methodology by Charles 

University Environment Center in 2005. Input data were provided by Romanian Energy Regulatory 
Office. 

External costs assessment was carried out for several typical Romanian power plants. 
External costs presented here are related to combustible-fired power plants such as lignite, natural 
gas with oil and lignite with gas. The technical specifications of these power plants are reported in 
Table 6.6—5. 
 
  Lignite Natural gas & oil Lignite & natural gas 
Installed capacity (MWe) 1 650 420 630 

Energy production netto (GWh) 9 825 234 2 677 

SO2 emissions (t/year) 175 938 1 116 37 291 

NOX emissions (t/year) 26 892 545 7 917 

TSP emissions (t/year) 4 245 18 455 

Table 6.6—5 Romanian power plant specifications. Source: Charles University Environment Center, 2005 
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The external costs for Romanian power plants are presented in Table 6.6—6. The results 

are expressed in 2005 values in c€ per 1 kWh of produced electricity. Table 6.6—6 also introduces 
the detailed external cost specification according to damage on human health, non-human impacts 
(buildings and crops) and climate change. 

 
  Lignite Natural gas & oil Lignite & natural gas 
Human health 7.28 2.64 6.08 

Non-human 0.65 0.22 0.53 

Climate change 2.50 0.00 2.59 

Total 10.43 2.87 9.19 
Table 6.6—6 External costs for Romanian power plants (2005, c€/kWh). Source: Charles University 

Environment Center, 2005 
 
The values range between 2.87 and 10.43 c€/kWh. Low external costs are related to 

power plant burning natural gas mixed up with oil (2.87 c€/kWh). Conversely, external costs for 
lignite-fired power plant range between 9.19 and 10.43 c€/kWh. 

 
 

7 Literature review on private and external costs for Mediterranean 
Countries 

 

7.1 Spain (CIEMAT) 
 

7.1.1 Overview of electricity production in the country 
Electricity installed power in Spain is largely based on fossil fuels – natural gas and coal- 

and hydroelectric power plants, as it is shown in Table 7.1—1. However, in the last years a great 
increment of investments in wind electricity has taken place, with almost 10GW installed in year 
2005, 13% of total installed capacity in Spain. Over the last few years, there has also been a 
remarkable investment in natural gas combined cycle power plants, having reached an installed 
capacity of 12.2 GW which represents 17% of total installed capacity in Spain.  
  
 Source 1990 %  2000 %  2004 %  2005  % 
Nuclear 6970 16% 7799 15% 7876 11% 7876 11% 
Conventional Thermal 19038 44% 19756 37% 26745 39% 30295 41% 

Coal    11542 22% 11565 17% 11424 15% 
coal    8009 15% 8032 12% 7891 11% 
lignite    3533 7% 3533 5% 3533 5% 

Fuel/Gas    8214 16% 6947 10% 6647 9% 
CC Natural gas       8233 12% 12224 17% 

Renewables 16379 38% 20313 38% 27602 40% 29154 39% 
Hydro 16230 37% 17894 34% 18293 27% 18415 25% 
Wind 7  2079 4% 8442 12% 9800 13% 
Other Renewables 142  340 1% 867 1% 939 1% 
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CHP Autoproducers 1178 3% 4968 9% 6496 9% 6645 9% 
TOTAL 43565 100% 52836 100% 68719 100% 73970 100% 

Table 7.1—1 Breakdown of installed electricity generation capacities between 1990 and 2005 (MW). Source: 
Eurostat,2006;  REE, 2006. 

 
In terms of electricity production, Table 7.1—2 shows the shares of the different 

technologies. The largest share comes from fossil fuels, with an increasing participation of natural 
gas and a decreasing contribution of coal. Nuclear electricity remains constant over time in 
absolute figures but its contribution becomes less important in relative terms. Total contribution of 
renewable energy remains almost constant in relative terms with variable contribution of 
hydroelectricity depending on the hydrological year. However, wind electricity has remarkably 
increased in the last years representing in year 2005 13% of total electricity generated in the 
country. 

 
Source 1990  2000  2004  2005  

Nuclear 54270 35% 62206 31% 63606 25% 57539 22% 
Conventional Thermal 68336 45% 86623 43% 113029 45% 136246 52% 

Coal 59734 39% 76374 38% 76358 30% 77393 29% 
Fuel/Gas 8602 6% 10249 5% 7697 3% 10013 4% 
CC Natural gas   0%   0% 28974 11% 48840 19% 

Renewables 27417 18% 37511 18% 53164 21% 47202 18% 
Hydro 26180 17% 31678 16% 34373 14% 22820 9% 
Wind 14 0% 4462 2% 15753 6% 20377 8% 
Other Renewables 1223 1% 1371 1% 3038 1% 4005 2% 

CHP Autoproducers 3038 2% 16962 8% 22481 9% 22332 8% 
Gross electricity generation 153061 100% 203302 100% 252280 100% 263319 100% 
Consumption in operation -8040   -12734   -13254   -15789   
International exchanges -420   4441   -3027   -1343   
Net electricity generation 144601   195009   235999   246187   

Table 7.1—2 Electricity production between 1990 and 2005 (GWh). Source: Eurostat, 2006; REE, 2006. 

 
7.1.2 Evolution of electricity production during the next 25 years 

Future electricity generation in Spain strongly depends on several decisions: first, the 
decision to develop or not new nuclear power plants; second, the decision to support renewable 
power plants; third, the implementation of specific climate policies.  

An analysis of several scenarios for these decisions has been undertaken in the framework 
of the on going EC project NEEDS. The results obtained are outlined here.  

 
While the impacts of any nuclear policy would concern more medium and long term than 

short term horizons due to the construction duration, any decision in favour of renewable power 
plants might impact the energy mix of electricity generation in the very next years. For example, the 
Spanish Renewable Energy Plan (REP) 2005-2010 aims the production of 30% of electricity by 
renewable by 2010 and proposes specific targets for solar, wind, and biomass based power plants, 
among others. The effective implementation of this Plan would contribute to the shutdown of coal 
power plants, replaced by renewable plants (Figure 7.1—1) while new coal power plants would be 
a cost-effective technology decision to satisfy the future electricity demand if the REP is not 



 

CASES – COSTS ASSESSMENT FOR SUSTAINABLE ENERGY MARKETS 

PROJECT NO 518294 SES6 

DELIVERABLE NO. D.6.1 

 

 160 

implemented (under the assumption that the new coal power plants would satisfy any local air 
quality standard). 

 
Finally, any greenhouse gas reduction requirement would radically change the energy mix 

used for electricity generation, coal power plants being replaced by renewable and, to a lesser 
extent, by gas power plants with capture and sequestration of CO2 (Figure 7.1—2). 

However, the medium and long-term electricity generation might also depend on the 
availability and price of international CO2 credits. For example, if international credits at 100 $/t 
CO2 were available from 2010, it might be more cost-effective investing in industrial CHP and 
buying permits to compensate for the emissions than developing centralized gas power plants with 
CCS. The installed capacity of renewable power plants would also slightly decrease. International 
credits would also help biomass-based power plants penetrate, motivated by a higher biomass 
availability due to a reduced oil substitution by biofuels in transport sector (the purchase of CO2 
credits would be more cost-effective than the oil substitution in transport). 
 

Of course, the availability of new nuclear power plants in the future could radically change 
the energy mix given their possible contribution to greenhouse gas mitigation strategies. 
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Figure 7.1—1 Impact of the Renewable Energy Plan on electricity generation  

(base case situation) 
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Electricity generation 'Reference case' 
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Electricity generation 'Kyoto for ever'
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Electricity generation 'Kyoto for ever' 
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Figure 7.1—2 Electricity generation in Spain in Reference scenario and Kyoto forever scenarios with and 

without CO2 permit trade. Assumption: no new nuclear plants 

 
7.1.3 Principal literature and results 

Private costs 
Information about private costs of currently functioning power plants in Spain has 

been retrieved from the following sources: 
- UNESA, personal communication: all the costs related to the fossil and nuclear power plants but 
fuel costs. 
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- CNE: personal communication: all the costs related to renewable power plants. 
- IEA, OECD, AEN “Projected costs of generating electricity 1998”. Fuel costs of fossil and 
nuclear power plants. 

 
The information gathered is summarized in the Table 7.1—3: 

 
 Investment 

costs 
(Euro/kW) 

FIXOM 
(Euro/kW) 

VAROM 
(Euro/MWh) 

Fuel costs 
(Euro/MWh) 

Hydro conventional 1350 9 0.6 0 
Nuclear 1800 30 2 11 
Coal 925 18 1.5 23 
Lignite 925 18 1.5 23 
Fuel/gas 400 8 1.2 36 
NGCC 475 18 1.8 36 
Minihydro (ROR) 1277 14 9.3 0 
Wind on shore 914 9 7.3 0 
Biomass 1775 10.2   38 
Industrial wastes 3050 361 35.4 3 
Municipal wastes 3050 361 35.4 3 
Solar PV 6287 31 24.9 0 
CHP non renewable 651 58 10.1 45 

Table 7.1—3 Cost information for currently functioning power plants 
 

Calculation of electricity generation costs depends upon assumptions on some factors 
such as: 
- life time of the plants 
- availability factor and 
- discount rate 

Assumptions considered and results obtained are summarized in the following table. 
 

 AF Life Discount 
rate 

Total costs 
Euro/kWh 

Hydro conventional 13% 60 5% 0.070 
Nuclear 83% 40 5% 0.031 
Coal 95% 40 5% 0.033 
Lignite 32% 40 5% 0.050 
Fuel/gas 17% 40 5% 0.058 
NGCC 46% 40 5% 0.049 
Minihydro (ROR) 24% 25 5% 0.060 
Wind on shore 24% 20 5% 0.047 
Biomass 48% 15 5% 0.081 
Industrial wastes 52% 15 5% 0.181 
Municipal wastes 52% 15 5% 0.181 
Solar PV 12% 20 5% 0.518 
CHP non renewable 38% 15 5% 0.091 
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Table 7.1—4 Assumptions to estimate electricity generation costs and results for currently functioning power 
plants 

 
Information about costs of new power plants can be obtained from the following sources: 

- EC project EUSUSTEL 
- On-going EC project NEEDS 

The information provided by these projects is not specific for Spain but general values for 
the EU and therefore are not included here. 

 
External costs 
External costs of currently functioning Spanish power plants were calculated by CIEMAT 

within the framework of the ExternE National Implementation project. Results obtained are 
summarized in the following table: 

 
Spain External costs Euro/kWh 

(ExternE NI) 

Hydro conventional 0.0020 
Nuclear 0.0032 

Coal 0.0622 
Lignite 0.1383 

Fuel/gas 0.0243 
NGCC 0.0167 

Minihydro (ROR) n/a 
Wind on shore 0.0002 

Biomass 0.0402 
Industrial wastes n/a 
Municipal wastes 0.0500 

Solar PV n/a 
CHP non renewable n/a 

Table 7.1—5 External costs of currently functioning power plants (n/a : not available) 

 
There are no national estimations of external costs of new power plants and CHP. 

 

7.2 Portugal (CIEMAT) 
 

7.2.1 Overview of electricity production in the countries 
Since 1985 the national installed capacity for electricity generation has steadily increased, 

and its sources have diversified, especially since 1997 onwards, when natural gas, small hydro and 
wind have been introduced. It is also since 1997 that renewable electricity plants have been 
gaining importance on the generation profile (Figure 7.2—1). 
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Figure 7.2—1 Evolution of the net installed capacity for electricity generation (GW) Source: REN, EDP, 

Turbogas, Tejo Energía, DGGE in ERSE 2001 

 
Most of the electricity generated in Portugal is from thermal power plants (72.7% of 

generated electricity in 2000). Hydro plays an important role in electricity generation (26.8% of 
generated electricity in 2000). However, its contribution depends on each year’s hydrological 
characteristics, which have high annual oscillations (38% of generated electricity in 2003 and only 
20% in 2002). 2000 was an average hydrological year. Wind, geothermal and solar photovoltaic 
were in 2000 much smaller contributors to global generated electricity, with respectively, 0.4%, 
0.2% and 0.002% of generated electricity. It should be noted, however, that since 2000, wind 
power plants and hydro have grown very fast (Figure 2.2).  

Regarding thermal power plants, coal is the main fuel used for electricity generation (57% 
of fuel use in 2000). Heavy fuel oil (19.7% of fuel use) and natural gas (19.5% of fuel use) 
represent almost all the remaining sources of fuel input (Table 7.2—1). 

 
Table 7.2—1 Fuel input for electricity generation. Source: DGGE National Energy Directorate, National Energy 

Balance 2000 

 
The number of players in the electricity market has increased also since the 90’s. Until the 

beginning of the decade practically all electricity generation was in the hands of EDP, a state-
owned company, who also controlled transmission, distribution and retail sales. Nowadays, the 
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company has been unbundled, there are many more generating companies, and electricity 
transmission is controlled by REN, the national grid operator.  

 Portugal trades electricity with Spain, but it is difficult to establish a pattern (Figure 7.2—2) 
due to the high variability of available hydro power. Until 1998 there were practically no exports, but 
from 1999 onwards there was a large increase in exports, when REN improved its official 
commercial relationship with Spanish agents (ERSE, 2001) 

 

 
Figure 7.2—2  Evolution of electricity trade from 1994 to 2001. Source; ERSE, 2001 

 
7.2.2 Evolution of electricity production 

An analysis of the business as usual scenario has been done in the framework of the on 
going EC project NEEDS. The results obtained are outlined here.  

In Figure 7.2—3 is shown the net generated electricity by energy source for the studied 
period. The electricity generation increases by 32% from 2000 to 2050 following the growing 
demand, especially in the industry, commercial and residential sectors. From 2020 to 2025 there is 
a decrease of 2.3 TWh following the implementation of more efficient plants. Electricity generated 
from wind, coal and hydro has the largest growth from 2000 to 2050, respectively of 99%, 53% and 
20%, whereas electricity generated from natural gas and other resources decrease  by -42% and-
32%. Oil completely disappears from 2025 onwards. Thus, in 2050 the fuel shares are different 
from 2000, although coal still is the main fuel: in 2050 46% of the electricity is generated from coal 
(32% in 2000), 23% from hydro (27% in 2000), 20% from wind (0.4% in 2000), 9% from natural gas 
(18% in 2000), and 3% from other resources (5% in 2000).  
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Figure 7.2—3 Net electricity generated by energy resource for the 2000-2050 period. 

 
7.2.3 Principal literature and results 

Private costs 
Information about private costs of currently functioning power plants has been 

retrieved from the following sources: 
- UNESA data for Spanish plants regarding investment costs and O&M costs of hydro and coal 
power plants and investment costs of NGCC, and fuel/gas power plants 
- National data retrieved from the NEEDS project’s Portuguese model for the O&M costs of NGCC 
and fuel/gas power plants, biomass power plants and non renewable CHP. 
- CNE data for all the costs data for renewable technologies with the exception of the investment 
cost and O&M costs of wind offshore and O&M costs of biomass and non-renewable CHP. 
- IEA, OECD, AEN “Projected costs of generating electricity 2005”. Fuel costs of fossil power plants 
and investment and O&M costs of wind offshore power plants. 

The information gathered is summarized in the Table 7.2—2. 
 

  
Investment 
costs 
(Euro/kW) 

FIXOM 
(Euro/kW) 

VAROM 
(Euro/MWh) 

Fuel costs 
(Euro/MWh) 

Hydro 
conventional 1350 9 0.6 0 

Coal 925 18 1.5 20 
Fuel/gas 400 8.5 6.201 42 
NGCC 475 20 0.684 42 
Minihydro (ROR) 1277 14 9.3 0 
Wind on shore 1316 40 7.3 0 
Biomass 1775 45 0.38 38 
Municipal 
wastes 3050 361 35.4 3 

CHP non 
renewable 651 10 9.1 45 

Table 7.2—2 Cost information for currently functioning power plants 
 
Calculation of electricity generation costs depends upon assumptions on some factors 

such as: 
- life time of the plants 
- availability factor and 
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- discount rate 
Assumptions considered and results obtained are summarized in the following table. 
 
  AF Life Discount rate Total costs 

Euro/kWh 
Hydro conventional 23% 60 5% 0.040 
Coal 94% 40 5% 0.030 
Fuel/gas 25% 40 5% 0.054 
NGCC 65% 40 5% 0.043 
Minihydro (ROR) 30% 25 5% 0.049 
Wind on shore 9% 20 5% 0.189 
Biomass 84% 15 5% 0.068 
Municipal wastes 57% 15 5% 0.169 
CHP non renewable 35% 15 5% 0.078 

Table 7.2—3 Assumptions to estimate electricity generation costs and results for currently functioning power 
plants 

 
Information about costs of new power plants can be obtained from the following sources: 

- EC project EUSUSTEL 
- On-going EC project NEEDS 

The information provided by these projects is not specific for Portugal but general values 
for the EU and therefore are not included here. 

 
External costs 
External costs of currently functioning power plants were calculated within the framework 

of the ExternE National Implementation project. Results obtained are summarized in the following 
table: 

Portugal External costs 
Euro/kWh (ExternE NI) 

Hydro conventional 0.0003 
Coal 0.0544 
Fuel/gas 0.0388 
NGCC 0.0145 
Minihydro (ROR) n/a 
Wind on shore 0.0007 
Biomass 0.0143 
Municipal wastes n/a 
CHP non renewable n/a 
Geo 0.0257 

Table 7.2—4 External costs of currently functioning power plants (n/a : not available) 
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7.3 France (FEEM) 
 

7.3.1 Overview of electricity production in the country 
The total electricity production in France was around 550 TWh in 2005 with an installed 

capacity of 112 GW(e). 62 
Almost the 80% of total electricity production come from nuclear plants, while around the 

10% come from thermal and hydroelectric plants; the share of electricity produced by biomass, 
wind and solar plants is under the 1%. 

With respect to installed capacity, the 56% of total is in nuclear, almost 24 % of total is 
installed in thermal plants and the 19% in hydroelectric plants. 

 
7.3.2 Evolution of electricity production 

The projection of electricity production to 2010 and 2015 are shown in the table below as 
are published by the French Transmission System Operator (RTE).63 The levels of production for 
future are obtained as demand/supply equilibrium levels. In this projection two types of scenarios 
are presented. In the minimal scenario only production unit, which will be certain used, are 
considered; in the ENR scenario new renewables power plants, which are likely to be built, are 
taken into account.  

Equilibrium Demand-Supply 
year 2006 2010 2015 

scenario minimal EnR minimal EnR minimal EnR 
DEMAND       

Internal consumption (TWh) 477 477 504 504 527 527 
Exports (TWh) 73 77 61 81 40 70 
Pumping (TWh) 6.4 6.5 6.3 6.3 6.4 6.3 
Total demand (TWh) 556 560 571 591 573 603 

SUPPLY       
Nuclear (TWh) 422 419 425 422 427 422 
Hydroelectric (TWh) 67 67 66 66 64 64 
Coal (TWh) 31 24 39 31 35 29 
Thermal (TWh) 2.2 1.7 6.1 1.7 12 3.8 
Wind (TWh) 0.3 11.6 0.3 27 0.3 37 
Other production (TWh) 34 37 34 44 34 47 
Supply (TWh) 556 560 571 591 573 603 

Table 7.3—1 RTE’s scenarios for electricity projection for 2015 

 

                                                 
62The source of data is from the Energy Information Administration - EIA web-site: 
http://www.eia.doe.gov/fuelelectric.html 
63 RTE - Bilan prévisionnel 2006-2015 (version résumée) 
http://www.rte-france.com/htm/fr/mediatheque/telecharge/bilan_resume_2006_2015.pdf  
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RTE's scenarios for electricity projection for 2015 in France
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Figure 7.3—1 RTE’s scenarios for electricity projection for 2015 

 
7.3.3 Principal literature and results 

 
Private Costs 
In this review of the principal literature results on cost of electricity production the selected 

source is the analysis of the International Energy Agency updated to 2005.64  The technologies 
assessed for France are coal, gas and nuclear. For each type of technology the cost has been 
calculated by considering the following components of total cost: investment as overnight 
construction cost (I), operation and maintenance (M), fuel (F). 

The formula applied to calculate, for each power plant, the average lifetime levelised 
electricity generation cost (EGC) is: ( )( )[ ] ( )[ ]∑∑ −− ++++=

t

t
t

t

t
ttt rErFMIEGC 11  , 

where E is the electricity generation in the year and r is the discount rate; as general assumption 
an average economic lifetime of 40 years is considered. 
 

The Table 7.3—2 summarizes the private costs for nuclear, coal and lignite and gas power 
plants. 

7.3.4 Levelised production costs at 5% discount rate, IEA, 2005 
Fuel/Technology Nuclear Coal&lignite Gas 

Production cost €cent/kWh     2.22 2.84 3.42 

Table 7.3—2 Levelised production costs at 5% discount rate, IEA, 2005 

 
To assess the cost for nuclear technology for France the production cost for a pressurized 

water reactor, with a net capacity of 1590 MWe, has been considered. 
The investment cost is 1.22 Eurocents 2003/kWh (55% of total cost); it includes direct and 

indirect overnight capital costs of construction and decommissioning. In detail the following stages 
of construction are considered: site preparation, civil work, material, equipment and manpower, 
design, engineering and supervision, provisional equipment and operation, worksite administrative 
expenses, general administration, pre-operation, spare parts and site selection, acquisition, 
licensing, public relations. With respect to decommissioning, the following stages are included: 
design, licensing and public relations, dismantling and waste storage, waste disposal, site 
restoration. 

                                                 
64 “Projected costs of generating Electricity” 2005 Update, Nuclear Energy Agency, International Energy 
Agency, OECD. 
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The operation and management cost amounts to 0.56 Eurocents 2003/kWh (25% of total 
cost); it includes: operation, site monitoring, maintenance, engineering support staff, administration, 
operating waste management and disposal, general expenses of central services, insurance, 
support to regulatory bodies, safeguards. 

The cost of fuel cycle is 0.44 Eurocents 2003/kWh (20% of total cost); it includes: uranium 
concentrate, conversion to UF6, enrichment, fuel fabrication, spent fuel transportation, processing 
and waste conditioning, waste disposal, first core inventory.  

 
In the analysis of private cost for coal a pulverized coal with flue-gas treatment (PF(SC)) 

power plants with a net capacity of 900 MWe, and a circulating fluidized coal bed power plant 
(FBC), with a net capacity of 600 MWe, have been analyzed.  

The investment cost, which includes direct and indirect overnight capital costs of 
construction, is 1.04 Eurocents 2003/kWh (36% of total cost) for PF(SC) and 0.95 Eurocents 
2003/kWh (34% of total cost) for FBC. the following stages of construction are considered in detail: 
site preparation, civil work, material, equipment and manpower, design, engineering and 
supervision, provisional equipment and operation, worksite administrative expenses, general 
administration, pre-operation, spare parts and site selection, acquisition, licensing, public relations. 
In addition decommissioning and credits balanced by contingency costs have been considered. 

The operation and management cost amounts to 0.67 Eurocents 2003/kWh (23% of total 
cost) for PF(SC) and 0.6 Eurocents 2003/kWh (22% of total cost) for FBC. O&M includes: 
operation, maintenance (materials, manpower and services), engineering support staff, 
administration, general expenses of central services, insurance and operating waste disposal. 

The cost of fuel cycle, which includes fuel price and transportation within the country, is 1.2 
Eurocents 2003/kWh (41% of total cost) for PF(SC) and 1.22 Eurocents 2003/kWh (44% of total 
cost) for FBC. 

 
To assess the cost for gas technology the production cost for a combined cycle gas 

turbine (CCGT) power plant, with a net capacity of 900 MWe, has been considered. 
The investment cost, which includes direct and indirect overnight capital costs of 

construction and decommissioning cost, is 0.52 Eurocents 2003/kWh (16% of total cost). In detail 
the following stages of construction are considered: site preparation, civil work, material, equipment 
and manpower, design, engineering and supervision, provisional equipment and operation, 
worksite administrative expenses, general administration, pre-operation, spare parts and site 
selection, acquisition, licensing, public relations. In addition decommissioning, credits and 
contingency costs have been considered. 

The operation and management cost amounts to 0.45 Eurocents 2003/kWh (13% of total 
cost); it includes: operation, maintenance (materials, manpower and services), engineering support 
staff, administration, general expenses of central services, insurance, major refurbishment and 
operating waste disposal. 

The cost of fuel cycle is 2.45 Eurocents 2003/kWh (71% of total cost); it includes: fuel 
price, transportation within the country and taxes (TGCN tax amounts to 1.19Euro/MWh of gas). 

 
External Costs 
In this review of the principal literature’s results on external cost of electricity production the 

estimates and methodologies of the following projects are presented: 
(1) ExternE,65 1999; 

                                                 
65 The ExternE national implementation, 1999. Chapter 10, p. 255. 
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(2) EUR20198 Study,66 2003; 
(3) NewExt Final Report,67 2004. 

The technologies analysed and the results on external costs for France are summarised in 
the Table 7.3—3. 

 
Fuel / 

energy Technology Existing / 
New 

External cost 
min-max 

€cent/kWh  
Year Source Comments 

Coal Pulverised fuel, flue gas 
desulfurization steam turbine New 4.92 1999 (1) Costs for mortality, morbidity, 

crops and materials. 68 

Coal Nd Existing 7.00 – 10.00 
(7.32 – 10.45) 

2003 
(2005)69 (2) Damage costs of electricity - 

existing technologies 

Coal Pulverized fuel, actual Flue gas 
desulfurization (FGD), steam turbine Existing 3.34 

(3.40) 
2004 

(2005) (3) Coal fuel cycle from NewExt - NI 
(Cordemais) 

Coal 
Pulverized fuel, hypothetical Flue 
gas desulfurization (FGD),steam 
turbine 

New 5.03 
(5.12) 

2004 
(2005) (3) Coal fuel cycle from NewExt - NI 

(Cordemais) 

Gas Gas turbine combined cycle New 1.15 1999 (1) Costs for mortality, morbidity and 
crops.  

Gas Nd Existing 2.00 - 4.00 
(2.09 – 4.18) 

2003 
(2005) (2) Damage costs of electricity - 

existing technologies 

Gas Hypothetical new plant,combined 
cycle gas turbine New 0.83 – 1.55 

(0.84 – 1.58) 
2004 

(2005) (3) Gas fuel cycle from NewExt - NI 
(Cordemais) 

Oil Low sulphur oil, Low NOx, burner 
steam turbine Existing 6.87 1999 (1) Costs for mortality, morbidity, 

crops and materials. 

Oil nd Existing 8.00 – 11.00 
(8.36 – 11.50) 

2003 
(2005) (2) Damage costs of electricity - 

existing technologies 

Oil Low sulphur oil, steam turbine Existing 5.50 
(5.60) 

2004 
(2005) (3) Oil fuel cycle from NewExt - NI 

(Cordemais) 

Oil Low sulphur oil, steam turbine (new 
data) New 4.45 

(4.53) 
2004 

(2005) (3) Oil fuel cycle from NewExt - NI 
(Cordemais) 

Nuclear nd Existing 0.30 
(0.31) 

2003 
(2005) (2) Damage costs of electricity - 

existing technologies 

Biomass 
Biomass (poplar wood) gasifier with 
intercooled steam injected gas 
turbine 

New 0.54 1999 (1) Costs for mortality, morbidity, 
crops and materials. 

Biomass nd Existing 1.00 
(1.05) 

2003 
(2005) (2) Damage costs of electricity - 

existing technologies 

Hydro nd Existing 1.00 
(1.05) 

2003 
(2005) (2) Damage costs of electricity - 

existing technologies 

Waste 
Municipal solid waste, electrostatic 
precipitator 
and wet scrubbing of flue gases  

Existing 12.19 1999 (1) Total costs for mortality, 
morbidity, crops and materials. 

Table 7.3—3 External costs for different technologies from different sources for France 

                                                 
66 EUR20198 Study – External costs research results on socio-environmental damages due to electricity and 
transport, 2003. Page13.  
67 NewExt Final Report, 2004. Chapter VII, p.322. 
68 In this table the results of the ExternE national implementation are reported by considering the mortality 
impact based on years of life loss (YOLL) approach. In the reference text the results based on the values of 
statistical life approach (VSL) are also reported.  
69 All results between brackets, in this table, are the actualisation of 2003/2004 data by considering the 
inflation rate. 
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In the ExternE national implementation edited in 1999 (source indicated as (1) in the 

Table 7.3—3), the external costs of electricity production for France are estimated for coal, gas, oil, 
biomass and waste. The results summarized in the table above are the sum of the impacts value of 
power generation on public health, crops and material. To assess the impact on public health the 
pollutants considered are TSP, SO2, NOx and NMVOC for mortality, and TSP, SO2, NOx, CO and 
NMVOC for morbidity. In addition the damage of SO2, NOx and NMVOC on crops was considered. 

The ExternE national implementation reported also the estimates concerning global 
warming damage from power generation and from other fuel stages. The Table 7.3—4 below 
shows the indicative range for global warming, where low is valued at 18 ECU/t and high is valued 
at 46 ECU/t.  

External costs of global warming - indicative range (€cent/kWh) 
From power generation  From extraction/farming and 

transport emissions Fuel / energy 
low high low high 

Coal 1.62 4.14 0.33 0.85 
Gas 0.72 1.84 0.06 0.15 
Oil 1.33 3.40 0.23 0.58 
Biomass 0.00 0.00 0.03 0.08 
Waste 3.66 9.36 not quantified 

Table 7.3—4 External costs of global warming 

 
In the EUR20198 Study (source indicated as (2) in the Table 7.3—3) the external costs for 

2003 for France are reported for the energy produced by coal, gas, oil, nuclear, biomass and 
hydro. The values reported are a sub-total of quantifiable externalities (such as global warming, 
public health, occupational health, material damage). All data are estimated by using the ExternE 
methodology. 

 
In the NewExt Final Report, on “New Elements for the Assessment of External Costs from 

Energy Technologies” (source indicated as (3) in the Table 7.3—3), the external cost of electricity 
production for 2004 for France are reported for coal, gas and oil. 

The damage factors estimates in the NewExt approach are TSP, SO2 , NOx for mortality 
and morbidity, to assess the impact on public health; SO2 and NOx to assess the impact on crops. 
In addition, the damage costs for materials and CO2equiv are estimated. 

 
 

7.4 Italy (FEEM) 
 

7.4.1 Overview of electricity production in the country 
The electricity production was around 300 TWh in Italy in 2005 with an installed capacity of 

almost 70 GW(e). 70 
Thermal plants, produce the 82% of total electricity, while the 14% of total production come 

from hydroelectric plants; the share of electricity produced by geothermal, solar, wind, wood and 
waste plants is 4 %.  
                                                 
70 The data source is the Energy Information Administration - EIA web-site: 
http://www.eia.doe.gov/fuelelectric.html 
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With respect to installed capacity, the 77 % of total is installed in thermal plants, the 19% in 
hydroelectric plants and 4 % of total in other renewables technologies. 

The Table 7.4—1 shows the detail of production per technology and fuel; data are from the 
Italian Authority for Energy and Gas. 

 
Gross production of energy per technology/fuel71 

2005 2006 (provisional) Technology / Fuel 
GWh % GWh % 

Thermal Solid 43.606 15% 44.600 14% 
Thermal Natural gas 149.259 52% 158.300 50% 
Thermal Oil, orimulsion, and other oil derivative 35.846 13% 35.200 11% 
Thermal Other thermal ( gas derivatives) 0 0% 18.869 6% 
Hydroelectric 42.927 15% 43.022 14% 
Wind 2.343 1% 3.211 1% 
Photo voltaic 4 0% 4 0% 
Geothermal 5.325 2% 5.527 2% 
Biomass and waste 6.155 2% 6.283 2% 
Total 285.465 100% 315.016 100% 

Table 7.4—1 Gross production of energy per technology/fuel 

 
7.4.2 Evolution of electricity production 

To have a general overview of the evolution of the electricity production in Italy in the next 
15 years, the results obtained by the Italian Ministry of Productive Activities in 2005 are 
presented.72 The evolution of the gross electricity production is obtained from the evolution of 
demand by subtracting net imports, self-consumption and pumping losses. The evolution of the 
demand is estimated by analysing the historical data of electricity consumption per sector, by 
taking into account macroeconomic variables specific for each economic sector.  

The Figure 5.2—5 shows a constant increasing of electricity demand (represented by the 
blue line on the top). The total demand was 322 TWh for 2004 and it is estimated to increase up to 
464 TWh in 2020. Demand will increase from 2005 to 2020 with an average annual rate of 2.3% 
that is analogous to the annual rate in the period 1992-2004 (2.25%). The picture also shows that 
the gross production of electricity (represented by the pink line on the bottom) will be stationary for 
some years (from 2007 to 2010) because the increasing of demand will be satisfied by an 
increasing of imports; after 2010 production will increase with an average annual rate of 2% as the 
demand.  

 

                                                 
71 Regulatory Authority for Electricity and Gas, Italy: http://www.autorita.energia.it/dati/eem6.htm  
72 “Scenario tendenziale dei consumi e del fabbisogno al 2020” (Consumption and Needs Projected 
Scenario to 2020) Ministero Attività Produttive, Direzione Generale Energia e Risorse Minerarie. April 
2005. Available on-line at the following address: 
http://www.confindustria.avellino.it/public/upload/downloads/energia/scenario_energetico_tendenziale_20
05_04.pdf  
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Figure 7.4—1 trends for demand (on the top) and production of electricity (on the bottom)  

 
The trends of electricity demand presented in Figure 7.4—1 can be compared with the 

estimation of electricity consumption until 2016 presented by TERNA in the Figure 7.4—2 and until 
2030 presented by ENEA in Figure 7.4—3. 
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Figure 7.4—2 Electricity demand, GDP and electrical intensity under the “development scenario”73 

 

                                                 
73 “Previsioni della Domanda Elettrica in Italia e del Fabbisogno di Potenza Necessario Anni 2006 – 2016” 
September 2006, Terna – National electricity network. 
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Figure 7.4—3 Electricity consumption (TWh) in the standard scenario and in the intervention scenario74 

 
With respect to fuels used for production, the Figure 7.4—4 shows the evolution of 

production-mix. In particular it is shown that the contribution of oil is decreasing, while is increasing 
the use of natural gas (from 43% of share in 2004 up to 60% in 2020) and the use of renewables 
(from 18,4% in 2004 up to 22% in 2010 and 2020), which increases, in absolute terms, from 
54TWh in 2004 to 70 TWh in 2010 and 90 TWh in 2020.  

 

 
Figure 7.4—4 trends of the share of production (in TWh) for each fuel (from top to the bottom: other fuel, solid, 

renewables, oil, natural gas) 

 
7.4.3 Principal literature and results 

 
Private Costs 
In this review of the principal literature results on cost of electricity production the selected 

source is the analysis of the International Energy Agency updated to 2005.75  The technologies 
                                                 
74 “Report on Energy and Environment 2006, Analysis and scenarios”, April 2007, ENEA – Ente per le 
Nuove Tecnologie e l’Ambiente. 
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assessed for Italy are gas and wind. For both types of technology the cost has been calculated by 
considering the following components of total cost: investment as overnight construction cost (I), 
operation and maintenance (M), fuel (F). 

The formula applied to calculate, for each power plant, the average lifetime levelised 
electricity generation cost (EGC) is: ( )( )[ ] ( )[ ]∑∑ −− ++++=

t

t
t

t

t
ttt rErFMIEGC 11 , where 

E is the electricity generation in the year and r is the discount rate. 
 

7.4.4 Average production costs at 5% discount rate, 
IEA, 2005 

Fuel/Technology Gas Wind 

Production cost €cent/kWh 4,61  5,76 

Table 7.4—2 Average production costs at 5% discount rate detailed per technology, IEA, 2005 

 
To assess the cost for gas technology the production cost for the following power plants 

have been considered: 
1) existing combined cycle gas turbine (CCGT) with Nox control system power plant, with a net 

capacity of 791 MWe, and an economic lifetime of 25 years, 
2) existing combined cycle gas turbine (CCGT) with Nox control system power plant, with a net 

capacity of 1150 MWe, and an economic lifetime of 25 years, 
3) new combined cycle gas turbine (CCGT) with Nox control system power plant, with a net 

capacity of 384 MWe, with cooling tower, and an economic lifetime of 30 years. 
The investment cost, which includes direct and indirect overnight capital costs of 

construction, is, for the three power plants examined: 0.31 Eurocents 2003/kWh (7% of total cost), 
0.42 Eurocents/kWh (9% of total cost) and 0.54 Eurocents/kWh (11% of total cost). In detail the 
following stages of construction are considered: site preparation, civil work, material, equipment 
and manpower, design, engineering and supervision, provisional equipment and operation, 
worksite administrative expenses, taxes. In addition major refurbishment and contingency costs 
have been considered. Only for the second power plant also decommissioning cost has been 
included. 

The operation and management cost amounts, for the three power plants examined, to: 
0.15 Eurocents 2003/kWh (4% of total cost), 0.17 Eurocents/kWh (4% of total cost) and 0.41 
Eurocents/kWh (8% of total cost). It includes: operation, maintenance (materials, manpower and 
services), engineering support staff, administration, taxes and duties and operating waste disposal. 
In addition for the third power plant also general expenses of central services, insurance and major 
refurbishment were considered. 

The cost of fuel cycle is, for the three power plants examined: 3.89 Eurocents 2003/kWh 
(89% of total cost), 4 Eurocents/kWh (87% of total cost) and 3.95 Eurocents/kWh (67% of total 
cost). It includes: fuel price and transportation within the country. 

 
To assess the cost for wind technology the production cost for the following power plants 

have been considered: 
1) new onshore wind-power plant with a net capacity of 60 MWe, and an economic lifetime of 20 

years, 
                                                                                                                                                 
75 “Projected costs of generating Electricity” 2005 Update, Nuclear Energy Agency, International Energy 
Agency, OECD. 
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2) new onshore wind-power plant with a net capacity of 72 MWe, and an economic lifetime of 30 
years. 

The investment cost, which includes direct and indirect overnight capital costs of 
construction, is, for the two power plants examined: 5.35 Eurocents 2003/kWh (80% of total cost) 
and 4.2 Eurocents/kWh (86% of total cost). In detail the following stages of construction are 
considered: site preparation, civil work, material, equipment and manpower, design, engineering 
and supervision, provisional equipment and operation, worksite administrative expenses, spare 
parts, grid connection, major refurbishment and contingency costs. In addition for the first power 
plant, general administration, pre operation, research and development, site selection, acquisition, 
licensing and public relation and taxes were included. 

The operation and management cost amounts, for the two power plants examined, to: 1.29 
Eurocents 2003/kWh (20% of total cost) and 0.67 Eurocents/kWh (14% of total cost). It includes: 
operation, maintenance (materials, manpower and services), engineering support staff, 
administration, general expenses of central services, taxes and duties, insurance, major 
refurbishment (only for the first power plant), site leasing payments and credits. 

 
Since the estimations reported in the Table 7.4—2 concern only the electricity produced by 

gas or wind, in the Figure 7.4—5 the annual average cost for electricity production is reported for 
Italy as benchmark.  

Average cost of electricity production

7,56

9,06 9,09

6,806,98

6,00

6,50

7,00

7,50

8,00

8,50

9,00

9,50

2003 2004 2005 2006 2007

 
Figure 7.4—5 Annual average cost of electricity production in Italy. Data are published by the Italian 

Regulatory Authority for Electricity and Gas76. 
 
The Figure 7.4—6 and Figure 7.4—7 show the evolution of production cost for electricity 

production by wind and photo voltaic. For both technologies a strong decreasing of production 
costs is foreseen for the next 25-35 years77.  

                                                 
76 The data are extracted from the composition of the national average electricity fare net of taxes, which is 
available at the following webpage: http://www.autorita.energia.it/dati/eep35.htm  
77 Figure 32 and 33 of the “Report on Energy and Environment 2006, Analysis and scenarios”, April 2007, 
ENEA – Ente per le Nuove Tecnologie e l’Ambiente. 
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Figure 7.4—6 Actual costs in Euro/installed kW of electricity generation by wind and projections until 2032  
 

 
Figure 7.4—7 Projection of cost reduction for photo voltiac technology in Euro/kWh 

 
 
External costs 
In this review of the principal literature’s results on external cost of electricity production the 

estimates and methodologies of the following projects are presented: 
1) ExternE,78 1999; 
2) EUR20198 Study,79 2003. 

The technologies analysed and the results on external costs for Italy, detailed for source of 
data, are summarised in the Table 7.4—3. 

 
Fuel / 

energy Technology Existing / 
New 

External  cost 
min-max 

€cent/kWh  
Year Source Comments 

Gas Combined cycle Existing 0.67 1999 (1) 
Costs for mortality, morbidity and 
crops. Only from power 
generation. 

                                                 
78 The ExternE national implementation, 1999. Chapter 10, p. 363. 
79 EUR20198 Study – External costs research results on socio-environmental damages due to electricity and 
transport, 2003. Page13.  



 

CASES – COSTS ASSESSMENT FOR SUSTAINABLE ENERGY MARKETS 

PROJECT NO 518294 SES6 

DELIVERABLE NO. D.6.1 

 

 180 

Fuel / 
energy Technology Existing / 

New 
External  cost 

min-max 
€cent/kWh  

Year Source Comments 

Gas nd Existing 2.00 – 3.00 
(2.09 – 3.14) 

2003 
(2005) (2) Damage costs of electricity - 

existing technologies 

Oil Steam turbine Existing 1.81 1999 (1) 
Costs for mortality, morbidity, 
crops and materials. Only from 
power generation. 

Oil nd Existing 3.00 – 6.00 
(3.14 – 6.21) 

2003 
(2005) (2) Damage costs of electricity - 

existing technologies 

Hydro 
Hydroelectric system based on 8 
hydroelectric – run of river - power 
plants 

Existing 0.40 1999 (1) 

Costs for occupational health, 
recreation, agriculture 
(downstream hydrology), forestry, 
public health, ecosystems, river 
morphology, aesthetics. Only 
from power generation. 

Hydro nd Existing 0.30 
(0.31) 

2003 
(2005) (2) Damage costs of electricity - 

existing technologies 

Waste Municipal solid waste (MSW) 
incineration Existing 2.90 1999 (1) 

Costs for mortality, morbidity, 
crops and materials. Only from 
power generation.  

Table 7.4—3 External costs for different technologies from different sources for Italy 

 
In the ExternE national implementation, edited in 1999 (source indicated as (1) in the 

Table 7.4—3), the external costs of electricity production in Italy are estimated for oil, gas, 
hydroelectric and waste. The results summarized in the table above are the sum of the impacts 
value of power generation on public health, crops and material. To assess the impact on public 
health the pollutants considered are TSP, SO2, NOx and NMVOC for mortality, and TSP, SO2, NOx, 
CO and NMVOC for morbidity. In addition the damage of SO2, NOx and NMVOC on crops was 
considered. In the table above the results of the ExternE national implementation by considering 
the mortality impact based on years of life loss (YOLL) approach are reported. In the report the 
results based on the values of statistical life approach (VSL) are also analysed. 
With respect to waste, the National Implementation report for Italy stressed that, since waste 
should be disposed of in some way, it requires the analysis to consider also the foregone external 
effects that waste disposal through an alternative technology would have caused, were the wastes 
not treated by the incinerator. According to that line of reasoning, the fuel cycle defined considers a 
landfill as the alternative technology for waste disposal, and subtracts the relative impact from that 
due to the incinerator in order to evaluate the net external damage of this technology which 
amounts to 0.89 Eurocents/kWh.  

The ExternE national implementation reported also the estimates concerning global 
warming damage from power generation and from other fuel stages. The Table 7.4—4below shows 
the indicative range for global warming, where low is valued at 18 ECU/t and high is valued at 46 
ECU/t.  
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External costs of global warming - indicative range (€cent/kWh) 
From power generation  From extraction/farming and 

transport emissions Fuel / energy 
low high low high 

Gas 0.17 6.02 0.01 0.15 
Oil 0.27 9.64 0.03 1.11 
Hydro 0.00 0.00 0.00 0.00 
Waste 2.36 6.02 0,001 0,003 

Table 7.4—4 External costs of global warming - indicative range (€cent/kWh) 
 
In the EUR20198 Study (source indicated as (1) in the Table 7.4—3) the external costs for 

2003 for Italy are reported for the energy produced by coal, gas, oil, nuclear, biomass and hydro. 
The values reported are estimated with the ExternE methodology. The estimates are a sub-total of 
quantifiable externalities; in particular, global warming, public health, occupational health and 
material damage are considered. 
    

   

7.5 Malta (FEEM) 
 

7.5.1 Overview of electricity production in the country 
The Maltese national electricity grid is an isolated one and is not connected to any other 

electrical network. Therefore, all the electrical energy that is required is generated in Malta. This is 
carried out by Enemalta Corporation (EMC)80. 

At present EMC operates two Power Stations, which supply all the Electrical power needs 
of the Islands of Malta and Gozo. These stations with a total combined nominal installed capacity 
of 571MW, are interconnected together by means of the existing grid. Malta has no indigenous 
primary energy resources and therefore EMC relies entirely on imported fuels, mainly heavy fuel oil 
and light distillate. 

 
7.5.2 Evolution of electricity production  

   The plan for a development of the electricity supply in Malta is oriented to renewable 
sources. In Particular projects for windmills and for photovoltaic are actually considered by local 
Authority. 

 
7.5.3 Principal literature and results 

Private costs 
So far Malta was not included into international analysis on external and private costs of 

electricity production. However the calculation of actual costs sustained by Enemalta and a 
comparison with estimated cost of energy production by renewables, was carried out at local level 
by the University of Malta – Institute for Energy Technology. The results of estimates are indicated 
in the Table 7.5—181. 

 
 
 

                                                 
80 All information are available on the Enemalta official web page: http://www.enemalta.com.mt/  
81 R. N. Farrugia, M. Fsadni, E.A. Mallia and C. Yousif “Solar and Wind Energy Could Save Malta 
Millions (The Malta Potential for Renewable Energy)” http://home.um.edu.mt/ietmalta/repotential.html     
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Fuel / energy Technology Existing / New Cost €cent/kWh 82 

Fuel oil 

Conventional Steam Blr/Tur 
Open Cycle Gas Turbines 
Combined-Cycle Plant 
Steam Turbines 
Steam Boilers 
Steam Turbines 
Steam Generator  
Open Cycle Gas Turbine 

Existing 
7.45 

Of which  
5.82 for fuel 

Wind New 5.82 - 8.15 
Photovoltaic New 27.95 - 34.94 

Table 7.5—1 Private cost of electricity production in Malta 
 

External costs 
Since not data were estimated on external costs for energy production in Malta, the Table 

7.5—2 reports the emissions of CO2 of the existing thermal plants:83 
 

Carbon dioxide emissions for electricity production 
Year 2004 Year 2005 Year 2006  Total tonnes Total tonnes Kg/kWh Total tonnes Kg/kWh 

Marsa Power 
Station 1,145, 744    1,159,927    1,175,288   

Delimara Power 
Station 875,503   811,331       810,477   

Total 2,021,247   1,971,258  0.87  1,985,765  0.878 

Table 7.5—2 Carbon dioxide emissions for electricity production 
 

7.6 Greece (NTUA) 
 

7.6.1 Overview of electricity production in the country 
 The electricity system in Greece consists of the interconnected system in the mainland 

with its capacity amounting at around 11750 MW and several autonomous systems in the islands 
driven by oil and wind and summing up to other 2150 MW approximately. Several sub-sea 
interconnections of small islands with each other and/or with the mainland have been constructed 
or are under way in order to drop the cost associated with the small autonomous units. In addition, 
interconnections aim at a more effective balance of load demand for enhancing the capacity of 
islands to install units exploiting intermittent renewable resources. In 2005, gross electricity 
production in 2005 totalled 60 TWh, following an average annual rate of increase of about 3.4 % 
during the last decade.  

About 90% of total production comes from conventional thermal units. In spite of the 
considerable drop in the contribution of lignite-fired power plants (from around 72% in early nineties 

                                                 
82 The following exchange rate MTL/Euro is applied: 1 Lira Maltese = 2.3294 Euro. 
83 The source of data is Enemalta: http://www.enemalta.com.mt/page.asp?p=926&l=1 
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to 60% in 2004) lignite is still the dominant fuel in the Greek power sector. Oil and gas units 
contribute with 15% each, the former being gradually confined to the autonomous systems of the 
Greek islands, and the latter rapidly expanding as a result of market deregulation and the country’s 
commitments to environmental restrictions. The contribution of hydro power plants varies between 
7-10% depending on each year’s hydrological conditions, while wind energy with a total capacity of 
about 622 MW in 2005, was close to 2% of total generation.  

 
7.6.2 Evolution of electricity production during the next 25 years 

Most projections for the evolution of the Greek electricity sector converge in the estimation 
that until 2030, the total capacity of lignite and oil power plants will remain almost stable, while 
natural gas and wind energy are expected to cover the largest part of the rising demand. Despite 
the increasing penetration of small hydro units, the total production from hydro-power plants will 
also vary at approximately the same level due mainly to physical constraints, whereas other 
renewables (photovoltaics, biomass) are expected to make their contribution more notable in the 
capacity and production mix. 

 
7.6.3 Principal literature and results 

 
Private costs of currently functioning 
Table 7.6—1 presents average estimates for the various cost components (investment 

costs, load factors, operational and maintenance costs) as drawn from an extensive review. Each 
value is assigned with the corresponding bibliographical source. In some cases a range of values 
instead of average estimates are given.  

For CHP and pumped storage hydro, relevant cost components depend highly on the 
specific project characteristics (capacity, technical design etc), while the relatively small penetration 
of these technologies in the Greek electricity sector further complicates the extraction of reliable 
estimates. 
  

Investment 
Cost 

Fixed 
O&M 

Variable 
O&M O&M Load 

Factor Technologies 
€/kW Range €/kWyear €/MWh % Range % Range 

Oil heavy oil 
condensing pp 11701  53.013 1.343   55.9%12  

Oil light oil gas 
turbine 5794  24.813 1.093   47.3%12  

Lignite condensing pp 17005  27.763 0.723   81.3%12  
Natural 

Gas combined cycle 5601,4,6 479-6411,4,6 19.343 1.373 1.8%1 0.7-3.1%1 68.5%12  

Natural 
Gas gas turbine 54410        

PV roof 53502 ±10%2   0.2%2  14%2 1.4%2 

PV open space 
one-axis 60002 ±10%2   0.3%2  16%2 1.6%2 

PV open space 
double-axis 64002 ±10%2   0.5%2  18%2 1.8%2 

Wind on shore 11261 976-12861   1.6%1 1.2-2%1 35%1 30-38%1 

Hydro run of river <10 
MW 25981,7 2300-28961,7   3.8%1,7 3-4.5%1,7 50%1  

Hydro run of river 
<100 MW 16932 959-26262     36%2 22-48%2 
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Hydro run of river 
>100 MW 17182      46%2  

Hydro dam 13471    0.2%1  25%1  
Table 7.6—1 Average estimates for the various cost components 

 
There are no available estimates for private costs of new power plants and chp. 

 
 

External costs for Greece have been calculated using the EcoSense 4.0 model on the 
basis of the New-Ext methodology in the framework of a research project funded by PPC and 
aiming at updating the available external cost estimates of the Greek electricity sector.  
 

GREECE Lignite 
Natural Gas 
(combined 

cycle) 

Oil  
(steam 
turbine) 

Hydro  
(dam) 

Wind 
(onshore)  

Electricity Production 
 Mortality 2.91 0.28 2.94 ng ng 
 Morbidity   1.48 0.16 1.53 ng ng 
 Accidents   ng ng ng ng ng 

 Occupational health   0.07 0.08 0.08 0.15 ng 
 Major accidents (nuclear)   - - - - - 

 Crops   0.01 0.01 0.07 0.11 ng 
 Ecosystems   iq iq iq - - 

Fauna and Flora - - - 3.6 ng 
Forests - - - 0.06 - 

 Materials   0.20 0.01 0.21 ng ng 
 Monuments   0.02 0.00 0.03 - - 

 Noise   ng 0.45 ng 0.10 0.03 
 Visual impacts   ng ng ng ng ng 

Land use - - - - 0.14 
 Global warming   23.39 7.20 15.51 ng - 

Sub-Total (1) 28.09 8.18 20.36 4.01 0.17 
Other Stages 

Public health 3.69 ng 1.11 ng 0.25 
Occupational health 0.14 0.02 0.04 0.21 0.18 
Ecological effects ng ng nq ng ng 

Road damages ng ng nq ng ng 
Water resources 0.01 - - - - 

Marine environment - - 0.36 ng - 
Materials - - ng - 0.02 

Crops - - ng - -0.001 
Global warming 0.99 0.02 0.74 ng 0.16 

Sub-Total (2) 4.83 0.05 2.25 0.21 0.60 
Sub-Total (1)+(2) 32.92 8.23 22.61 4.23 0.77 

Table 7.6—2 External cost estimates for Greece (€/MWh). ng: negligible, nq: not quantified, iq: only impact 
quantified, -: not relevant. 
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7.7 Cyprus (NTUA) 
 

7.7.1 Overview of electricity production in the country 
   In 2005 the installed electric power generation capacity in Cyprus amounted to 988 MW, 

and gross electricity production in 2005 totalled 4.4 TWh, up by about 4% from the 2004 values. 
The generation system consists of 3 power plants with 14 steam units and 5 gas turbines. Heavy 
fuel oil is used in the steam units and diesel in gas turbines, the latter mostly operating for peak 
lopping and emergency purposes. In 2006, a new 130 MW steam turbine is added to the system 
and the resulting capacity of the grid is now 1118 MW. 

In order to meet the continuously increasing electricity demand from both the productive 
sectors of the economy and the domestic consumers, new combined cycle power plants are 
scheduled to operate from 2009, fed initially with diesel until the natural gas will be transported to 
the island in liquefied form.  

 
7.7.2 Evolution of electricity production during the next 25 years 

   For Cyprus the target for the following years is to diminish the domination of oil and to 
increase the penetration of natural gas and renewable energy sources (wind energy and 
photovoltaic especially). Plans for the addition of 180 MW and 360 MW with liquefied natural gas 
as fuel for 2008 and 2009 respectively have been established. Moreover investments have been 
promoted for the initial installation of 6 MW of wind parks and 80 kW of photovoltaics.  

  
 

7.7.3 Principal literature and results 
 

Private costs of currently functioning 
Table 7.7—1 presents average estimates for the various cost components (investment 

costs, load factors, operational and maintenance costs) as drawn from an extensive review. Each 
value is assigned with the corresponding bibliographical source. In some cases a range of values 
instead of average estimates are given.  

For CHP and pumped storage hydro, relevant cost components depend highly on the 
specific project characteristics (capacity, technical design etc), while the relatively small penetration 
of these technologies in the Greek electricity sector further complicates the extraction of reliable 
estimates. 
  

Investment 
Cost 

Fixed 
O&M 

Variable 
O&M O&M Load 

Factor Technologies 
€/kW Range €/kWyear €/MWh % Range % Range 

Oil heavy oil 
condensing pp 12589  16.809 1.509   54%8 50.8-58%8 

Oil light oil gas 
turbine 5509  15.009 6.009     

PV roof 535011 ±10%11   0.2%11  14%11 1.4%11 

PV open space 
one-axis 600011 ±10%11   0.3%11  16%11 1.6%11 

PV open space 
double-axis 640011 ±10%11   0.5%11  18%11 1.8%11 

Table 7.7—1 Average estimates for the various cost components 
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There are no available estimates for private costs of new power plants and chp. 
 
 

The external cost estimates for the electricity system in Cyprus (currently comprising only 
steam and gas turbines) constitute a first rough approximation because Cyprus is not included in 
the EcoSense 4.0 database. The calculated values resulted by transferring the power stations (and 
the associated technical and emissions data) from Cyprus to Crete, which is the most approximate 
location in the database, presenting similar geological characteristics and population density. For 
the external costs associated with other stages the value calculated for Greece is taken into 
account. 
 

CYPRUS Oil (steam turbine) Oil (gas turbine) 
Electricity Production 

Mortality 1.99 11.11 
Morbidity 1.22 5.70 
Accidents ng ng 

Occupational health 0.08 0.08 
Major accidents (nuclear) - - 

Crops 0.10 0.12 
Ecosystems iq iq 

Fauna and Flora - - 
Forests - - 

Materials 0.14 0.28 
Monuments 0.03 0.03 

Noise ng ng 
Visual impacts ng ng 

Land use - - 
Global warming 12.97 20.09 

Sub-Total (1) 16.52 37.40 
Other Stages 

Public health 1.11 1.11 
Occupational health 0.04 0.04 
Ecological effects nq nq 

Road damages nq nq 
Water resources - - 

Marine environment 0.36 0.36 
Materials ng ng 

Crops ng ng 
Global warming 0.74 0.74 

Sub-Total (2) 2.25 2.25 
SUB-Total (1)+(2) 18.77 39.65 

Table 7.7—2 : External cost estimates for Cyprus (€/MWh). ng: negligible, nq: not quantified, iq: only impact 
quantified, -: not relevant. 
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8 Conclusions 
 
This literature review provided an overview of estimates on private and external cost of 

electricity generation; for some countries it is introduced by a brief overview of electricity production 
in the country and a projection of electricity production until 2030. The existing literature is 
assessed for each EU-25 country, plus Romania and Norway; however the estimates were not 
available for all countries. This analysis showed that a complete and homogeneous set of updated 
values for both private and external costs, covering the whole Europe, was not available. 

 
With respect to private costs the principal selected source is the IEA report on “Projected 

Costs of Generating Electricity, 2005 Update”. This report presents plant specific estimation of 
generation costs for some European countries. The report is an important reference for the use of 
the levelised cost methodology. The methodology used discounts the time series of expenditures 
to their present values in a specified base year by applying a discount rate. The cost components, 
which are analysed, concern investment, operation and maintenance and fuel. Unfortunately this 
source doesn’t provide a wide set of estimates, since the methodology is applied only to few power 
plants. Hence for many countries no estimates of private costs of electricity production were found 
in literature. 

For some countries the gaps were filled in by presenting the cost of electricity to the final 
consumer. These data, generally provided by the National Electricity Authority, are useful to 
understand the trends and the projections. However, consumer price is not very useful to assess 
differences across technologies and to make comparison with external costs, because it is 
influenced by subsidies and policy measures and doesn’t reflect the production cost. 

As an alternative to fill in gaps in the private cost analysis, levelised European estimates 
were provided. The use of this approximation allows to cover a wide set of technologies by 
homogenous estimates. The approximation to use average values for all EU-27 countries is 
generally accepted by experts if difference in existing technologies, in capital markets and in fiscal 
policy are excluded from the analysis by calculating the generation cost for new power plants, 
excluding taxes, subsidies and the characteristics of national investment market. 

 
The principal selected source for the assessment of external costs is the ExternE 

project. The results obtained from the project and updated between 2000 and 2005 are reported for 
the EU-15 countries for a set of technologies which differ from country to country. The methodology 
used for estimation, which is based on the impact Pathway Approach, is accurate and the results 
obtained are widely accepted by researchers. However the set of estimations provided is limited 
and data are not homogeneous, since the external costs are plant specific and reflect the 
characteristics of each power plant. 

In addition no updated estimates were available for many East-European countries. 
Some data provided are hence referred to old age assessment (90’ years) and costs are not 
estimated for a homogeneous set of technologies, by using the same assumption for all countries. 

 
The literature review provided by this report shows the main methodologies used to 

estimate private and external costs and the principal results obtained for each EU-25 country. 
However the data reported are not comparable, because there are many gaps in the estimates and 
there are differences from country to country, in the technological set, in the basic assumptions and 
in the year of the analysis. 
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Another limit of the results presented is that they refer to past or present scenarios; no 
projections are made to show how private and external cost of electricity generation will increase or 
decrease in the next years. 

For this reasons new estimates on external and private costs are provided in the second 
part of this report on “Development of a set of full cost estimates of the use of different energy 
sources and its comparative assessment in EU countries”. The new estimates of full costs are 
composed by European average private costs, specific for each EU-27 country external costs of air 
pollutants and European average external cost of other pollutants, including costs of climate 
change. In addition, projections of all cost components are made until 2030. 
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List of Abbreviations 
 
B Boiler 
CCGT Combined cycle gas turbine 
CR Combustible renewable 
de NOX Unspecified NOX control system 
de SOX Unspecified SOX control system 
DH District heating 
dust Unspecified particulate control system 
ESP Electrostatic precipitator 
FBC Fluidised bed combustion 
FF Fabric filters 
FGD Flue gas desulphurisation 
GT Gas turbine 
CHP Combined heat and power plant 
IGCC Integrated gasification combined cycle 
OT Once through fuel cycle 
PF Pulverised fuel 
PV Photovoltaic 
ST Steam turbine 
VVER Russian type of pressurised water reactor 
WI Waste incineration 
LNB Low NOX burners 
PHWR Pressurised heavy water reactor 

 
 
 


