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Preface 
The Renewable Energy Technology Deployment (RETD) Implementing Agreement 
(www.iea-retd.org) is one of a number of Implementing Agreements on renewable energy 
under the framework of the International Energy Agency (IEA). 
 
The purpose of RETD is to carry through selected activities, which aim at accelerating the 
deployment of renewable energy. The target groups are policy makers and private compa-
nies dealing with energy. 
 
At the moment, nine countries participate in RETD, and the Implementing Agreement is open 
for more countries to join. 
 
Under the Work Programme 2006-2007, RETD has established seven priority areas, one of 
them focusing on levelling the playing field for renewable energy.This report on Renewable 
Energy – Costs and Benefits to Society (RECaBS) summarizes the results of several activi-
ties undertaken under this priority area.  
 
The objectives of RECaBS were to estimate the costs and benefits of electricity from renew-
able energy sources compared to conventional technologies, to identify cost reduction pos-
sibilities for renewables and to communicate the results through an interactive website. 
 
RECABS provides the basis for developing recommendations for international policies that 
could level the playing field for renewables for example by internalising externalities into 
energy prices. 
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1 Executive Summary 
The electricity sector has a history of public interest and political interference based on secu-
rity of supply, national economy, environment and employment issues. Since the 1990’s, 
liberalisation has strongly changed the electricity sector framework in most OECD countries. 
Market forces and indirect regulation are now replacing the previous direct government con-
trol. 
 
Furthermore, when designing the market framework for the electricity sector, it is important to 
recognise the costs and benefits of different energy sources, considering external costs as 
well, in order to stimulate sustainable investments in energy technologies. 
 
The main challenge is that socio-economic benefits of renewable energy are not monetized, 
in the market place. Therefore these externalities are ignored by investors when making 
decisions on new electricity plants. In most markets environmental and climate footprints, 
impacts on employment and security of supply are externalities. On the other hand grid own-
ers and system operators can experience particular costs of integrating some renewable 
energy technologies into energy systems due to their fluctuating nature of energy supply. 
 
It was the objective of the RECaBS project to address these issues for a limited number of 
electricity producing technologies based on data from available sources and recent research. 
Another objective was to present the results from the study in a simple and accessible form. 
 
A main contribution of the project is the introduction of an interactive energy calculator. This 
REcalculator enables anyone to make quick socio-economic comparisons of renewable and 
traditional electricity generating technologies. The tool is available at www.iea-retd.org. All 
the economic and technological assumptions are also available for download at the site. 
 
Comparisons are based on the long-run marginal cost of electricity generation, including 
investment costs, operation and maintenance costs and fuel costs. Compared to traditional 
fossil fuel technologies, renewables are often at an early stage of development. In a longer 
perspective, through technological progress and economies of scale, renewables may hold 
large potentials compared to mature energy technologies. For the identification of cost re-
duction possibilities, technology and cost data are therefore based on Best Available Tech-
nologies today as well as in the mid-term future (2025). 
 
It was a goal in the study to avoid conclusions based on short-term business cycles on cer-
tain technologies or short-term price spikes on certain fuels. For this reason the costs of for 
instance wind power turbines, photovoltaics and gas turbines are somewhat lower than 
prices observed in the market at present. The same applies to oil and coal prices as these 
are based on the price projections in the International Energy Agency’s World Energy Out-
look.1

 
When examining the basic costs without considering external costs, small hydro, onshore 
wind, large scale biomass, nuclear and coal are presently economically more competitive 
than the other technologies analysed under this project. Too low 
 
From society’s point of view, technologies with relatively high capital costs and low fuel costs 

                                                      
1 Although oil and coal prices based on the price projection in the International Energy Agency’s World Energy 
Outlook can be considered too low, these prices are merely referential and it is possible for the user to change 
these values in the Interactive Renewable Energy Calculator (RECaBS) 
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are more competitive than in the market place, as the socio-economic discount rate is usu-
ally lower than the financial interest rate including investors’ risk premium. The lower dis-
count rate favours renewable energy and nuclear technologies as a general trend. 
 
The projected costs and benefits of renewable energy to society depend of course on the 
expected price development of fossil fuels and the rate of technology learning. Renewable 
technologies are foreseen to experience the highest learning rates, thereby increasing their 
competitiveness in the future. 
 
When including externalities the costs to society of electricity from fossil fuels are higher than 
the most competitive renewable energy technologies today, for instance, wind power on-
shore. The cost of CO2 is the externality with the highest negative impact on the value of 
fossil-based energy generation, thus improving the relative benefit of renewables. Air pollu-
tion on the other hand only has minor influence on large-scale technologies due to the tech-
nology and regulatory development in reduction of dust, NOx and SO2. Moreover, some 
externalities counterbalance each other. For example, wind turbines benefit from pollution 
externalities, but are punished by the cost of system integration. 
 
When monetizing the externalities of electricity generation, it has become evident how diffi-
cult it is to arrive at reliable and generally accepted values that apply for a range of different 
countries. This particularly regards costs related to fuel security and local benefits such as 
job creation. Further analytical work will therefore be needed to substantiate the estimates 
presented in this report. 
 
Renewable energy is subsidised in many countries in order to make it more attractive for 
investors and thus enhance the speed of deployment. Still, it is often ignored that conven-
tional energy technologies are subsidised as well. 
 
As part of the present study subsidies for energy production have been assessed based on a 
survey of existing literature. Results show that in terms of total amounts, the annual subsi-
dies to traditional energy sources exceed by far the subsidies to renewable energy in some 
countries. As an example, the European CO2 emissions trading scheme has introduced a 
substantial subsidy to new fossil fuelled power plants through the allocation of free quotas to 
new entrants. This can counteract the effort to deploy renewable energy. 
 
It is our hope that better knowledge of the true costs and benefits to society of renewable 
energy provides a strong basis for the decision on market based policies that improve the 
competitiveness of renewables. 
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2  Introduction 
 
What are the costs of the environmental footprint of conventional fossil fuel technologies? 
Which technologies are the most competitive when all externalities are taken into account? 
How much does it cost to integrate wind power into the electricity system? What are the local 
benefits of renewable energy? How can the improved security of supply from wind and solar 
energy be monetized? What are the real costs of generating electricity?  
 
The above-mentioned questions are often raised in international debates on the role of re-
newable energy. It is often highlighted that the benefits of renewable energy and the disad-
vantages of conventional technologies are not sufficiently accounted for in energy markets 
and in energy planning. Many of the benefits of renewable energy are difficult to monetize, 
and are therefore ignored when investors make decisions on new energy plants. This re-
gards e.g. environmental impacts, the costs of integrating energy technologies into energy 
systems, employments effects and security of supply issues. 

Monetize external 
costs 

 
Also, the so-called technology learning – the fact that increased deployment of renewable 
energy will decrease generation costs over time – is often ignored. Compared to traditional 
fossil fuel technologies, renewable technologies are often at an early stage of development. 
In a longer perspective, through technological progress and economies of scale, renewables 
may hold large potentials compared to mature energy technologies. 

Technology learn-
ing 

 
The present project has sought to provide a basis for qualifying this discussion by examining 
the full costs and benefits of renewable energy technologies compared to the conventional 
fossil fuel technologies and nuclear power. The study has been carried out by Ea Energy 
Analyses for the IEA Implementing Agreement on Renewable Energy Technology Deploy-
ment (RETD). 

Comparative study 

 
Limited availability of reliable information regarding the true costs and benefits of renewable 
energy technologies is a key reason for today’s limited deployment. A broader consensus 
between utilities, national authorities, research institutes, other relevant IEA implementing 
agreements et al will reduce important barriers currently preventing implementation of opti-
mum solutions. Therefore, one key feature of RECaBS is that all data used in the REcalcula-
tor is publicly available and fully referenced.  

All data public 
domain 

 
 
 

 

Nine countries (Canada, Denmark, France, Germany, Ireland, Italy, the Netherlands, Norway, 
and the United Kingdom) launched an implementing agreement under the framework of the 
International Energy Agency (IEA) in 2006. The agreement called Renewable Energy Technol-
ogy Deployment (RETD) is part of the international action plan from the International Confer-
ence on Renewable Energies in Bonn, 2004. RETD is open for more countries to join. 
 
The aim of RETD is to accelerate the deployment of renewable energy by carrying through a 
number of selected activities in the period 2006 – 2010. The target groups for the activities are 
policy makers and private companies dealing with energy. The main activities are to 
• identify cross-cutting barriers to deployment and providing best-practice solutions; 
• provide guidance to the private sector and policy makers on innovative business strategies 

and projects that encourage technology deployment; and 
• facilitate ongoing international dialogue and public awareness of renewable deployment 

by contributing concrete examples of deployment solutions. 
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With enhanced understanding of the socio-economic costs and benefits, governments and 
international institutions can  develop recommendations for policies to improve framework 
conditions for renewable energy, so that market actors will make optimal investment deci-
sions from a societal point-of-view.   

Tool for policy 
recommendations 

 
This includes internalising externalities in energy prices, so that state support for both con-
ventional and renewable energy is better tailored to reflect the true societal costs and bene-
fits. Today, much state support distorts the level playing field for renewable energy technolo-
gies, for example subsidies for domestic coal production, which lead to artificially low coal 
prices in some countries. 

Level the playing 
field 

 
The approach in this study is to assess the long-term levelised electricity generation costs of 
a number of selected electricity generation technologies, i.e. fuel costs, operating and main-
tenance costs as well as capital costs. To this can be added various external costs and 
benefitswhich, in terms of money,are external to the individual power plants, but internal for 
society. In principle, the notion of externalities includes all effects that influence the welfare 
of human beings, but which are not priced in the market and consequently not paid for by the 
key actors. 
 
To be more specific, the socio-economic analyses include the following elements: 
 
1. Technologies. Financial costs; i.e.  

o Capital costs 
o Fuel costs 
o Operation & maintenance costs.  

 
2. Environmental externalities. These are grouped into:  

o The impacts on human health of local air pollution (SOx, NOx, and particles) from 
burning of fossil fuels. 

o The impacts on human health from radioactive emissions and nuclear accidents. 
o The costs of reducing the emission of greenhouse gasses.   

 
3. System integration. Costs related to the integration of power generators into the sur-

rounding electricity system. The main elements are:  
o Infrastructure costs. Extra costs for expanding and adjusting the electricity infrastruc-

ture in order to feed in electricity production from the technology in question.  
o Balancing. Costs of handling deviations from planned production, and extra costs for 

investments in reserves for handling of outages of power plants or transmission fa-
cilities.  

o Capacity credit. The cost of some technologies, like wind power, not being able to 
produce power when the electricity system needs it the most.  

 
4. Security of supply. The macro-economic benefits of using domestic (renewable) en-

ergy sources to counter economic losses (inflation and unemployment) from volatile oil 
prices. 

 
5. Local benefits of renewable energy. The focus is on job creation, primarily in relation 

to biomass projects in rural areas. 
 
6. Subsidies for conventional energy. An overview of subsidies for conventional tech-

nologies in selected countries. 
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3 Methodology and key assumptions 
 
A unique feature of RECaBS is that all data are made publicly available. Typically, in this 
kind of analysis, only some data are publicised. Very often, the investment costs of the ana-
lysed technologies are reported, but not the O&M costs or the expected technical lifetimes. 
Also, most studies neglect to inform the reader on the price level (year) or other essential 
parameters, which essentially makes it impossible to check the calculations.  
 
Another key feature is that all data are fully referenced. All efforts have been made to identify 
and use only the most reliable data available worldwide. However, the feedback that we 
expect to receive from our readers and users will contribute to the continuous improvement 
of the REcalculator. 
 

 
3.1 Cost data 

 
All investment cost data, O&M costs fuel prices etc. are cost data, not to be confused with 
prices. Prices reflect ups and downs in business cycles. As an example, in 2005-2007 the 
prices of wind turbines and PV systems were very high, due to high demands relative to 
supply capacities (this situation is expected to continue for some years). Under such circum-
stances market mechanisms will increase prices, even though some costs may be unaltered. 
Planning data for current and future situations will have to be based on actual and expected 
real costs, ignoring short-lived turbulences. Otherwise, conclusions will become too specula-
tive. 

Costs versus 
prices 

 
In this study, actual costs are defined as the long-run marginal costs of electricity generation. 
When a new generator is commissioned, it replaces power from the power plant with the 
highest operating costs. This is called the marginal costs. 

Long-run marginal 
cost 

 
The short-run marginal costs correspond to what is being immediately saved in the power 
system. If,  there is excess capacity, and therefore no immediate need for capacity additions, 
the marginal costs will be equal to the avoided energy costs (= marginal energy costs), i.e. 
the marginal capacity costs will be zero. 
 
The long-run marginal costs encompass all costs (capacity costs and operational costs) re-
quired to sustain the system. Viewed in the long term, turbulent prices tend to fluctuate 
around a mean value, which is close to the long-run marginal cost (ignoring subsidies).  

Data of current technologies 
 
The study uses year 2010 as representing current costs and performances since several 
technologies decided and ordered today will not be in operation before 2010. Year 2010 is 
also used to signal a focus on today’s best available technologies. 
 
The performance and cost data have been developed by scrutinizing all pertaining documen-
tation in the public domain - that is all documentation that the study team has been able to 
identify and obtain. To assure the quality of the used data, various professionals have been 
consulted, in particular representatives of IEA implementing agreements working with the 
said technologies. 
 
All data are presented in Annex A. 
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Forecasting technology data 
 
The study uses year 2025 as representing costs and performances in a not-too-distant fu-
ture. 
 
In essence, there are two distinctly different methods for forecasting costs of technologies: 
 

1. Technology learning, often called experience curves, and  
2. Engineering estimates of probable future costs and performance improvements. 

 
The two methods are discussed below. 
 

Technology learning 
 
Technology learning (learning curves, experience curves or learning rates) estimates, from 
experience, the future prices as a function of market development. An experience curve cap-
tures the relationship between cumulative capacity at a given time for a technology, and the 
per-unit cost of that technology, i.e. costs will be reduced by X % (the learning rate) with 
each doubling of the cumulative production2. 
 
1 – X is called the progress ratio. 
 
The major advantage with this method is that it reflects the influence of market mechanisms 
on technology development. The major disadvantage is that it is quite simplistic, leaving little 
room for technical nuances, as it is not an easy task to determine the learning rate of individ-
ual technologies, and even less so for components. Also, with this method it is difficult to 
capture chances in regulatory frameworks, e.g. more stringent standards for air emissions 
and nuclear safety.  
 
As an example, ref. 1, using engineering estimates, forecasted that the specific investment 
costs for coal steam power and gas combined cycle will actually increase in the future. The 
reason is that these technologies have long been commercial technologies, and that further 
improvements in thermal efficiencies (e.g. through the use of very expensive alloys) will in-
crease the investment costs (€/kW), but still reduce the generation costs (€/kWh). Such 
technology nuances are not captured by learning curves. 
 
Another disadvantage is that the forecasted costs are related to the cumulative capacity or 
the cumulative energy generation. Thus, to forecast the costs in a given year requires a pre-
diction of the development in cumulative capacity or cumulative energy generation, and such 
predictions are rare. Also, the market is strongly influenced by political decisions (e.g. subsi-
dies to coal mining or renewable energy), so often the cost prediction becomes a chicken-
and-egg issue: Policy makers are waiting for costs (and prices) to go down, while they – by 
political decision – can expand the market, thereby bringing the costs down.  
 
Engineering estimates naturally face the same problem; how much market expansion will 
contribute to decreasing the costs, but the assessment is done much more implicitly than 
with learning curves. 
 

                                                      
2 Suggested reading: ”Behind the learning curve: Quantifying the sources of cost reductions in photovoltaics”, 
by Gregory F. Nemet, University of California, June 2006. 
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Technology learning rates are better documented for photovoltaics than any other renewable 
energy source. PV modules have shown a fairly steady decrease in prices over five decades 
(some examples are included in the technology sheet for PV in Annex A).  
 
However, for other renewable energy technologies the previous development does not allow 
reliable extrapolations. Even wind energy, which is a global and well-proven technology, 
depicts studies with large deviations in learning rates. Studies from Denmark and Germany- 
among the world leaders- indicate learning rates between 4 and 8 % for wind turbines, 
whereas the learning rates for installation costs are 1 – 2 % higher. Other countries have 
shown learning rates of 15 – 19 % (source: Energy Technologies Perspectives, IEA 2006). 
 
Because of such uncertainties and without further argumentation, IEA’s Energy Technolo-
gies Perspectives (ref. 10) used the same learning rate for all renewable energy technolo-
gies (5%), except solar PV (18%). 
 
For purposes like RECaBS’, technology learning analyses are most often incomplete, only 
forecasting investment costs, not performance characteristics (e.g. efficiencies) and opera-
tion and maintenance costs. In such instances, engineering estimates are needed anyway. 
Therefore, the current study is based on engineering estimates, whenever available. Experi-
ence curves are primarily quoted for comparison.  
 
The IEA conducted a workshop on Technology Learning and Deployment the 11-12 June 
2007. The RECaBS project was invited to share the preliminary findings and to incorporate 
the findings from other projects. Two of the key messages from this workshop were: 
 

• Learning curves can be used to estimate future cost reductions of a given technol-
ogy but that this should be cross-checked with bottom-up engineering approaches 
and market analysis. The learning curve approach is more applicable to some tech-
nologies than others. 

• The wind and PV industries are currently facing price bubbles that distort the learn-
ing curve monitoring. Prices are expected to fall again as new production capacity 
helps to alleviate supply constraints. 

Engineering estimates 
 
Ref. 1 used the engineering estimates by requesting experts with insight knowledge and 
experience of each particular technology to elaborate their qualified (argued) estimates, 
preferably disaggregated into cost components (planning, site work, building, equipment 
etc), and afterwards ask other experts to comment on the proposals in order to reach a con-
sensus understanding.    
 
The major advantages of this method are that forecasted data are technology specific, and 
the high level of transparency created by the consensus seeking process. 
 
One disadvantage is that experts tend to be particularly optimistic, when analysing ‘their 
own’ technologies. To counter such biases, it is instrumental to invite technology buyers (e.g. 
utilities and energy companies) to comment the draft data. Another disadvantage is that the 
method can be quite costly. 
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3.2 Cost-benefit analysis (economic/financial) 
 

The cost-benefit analysis (CBA) is an analytical tool, which balances the costs and benefits 
of a project. The CBA may be applied for both public and private projects. While the financial 
CBA is limited to concerns of a private investor, the economic CBA usually includes benefits 
and costs that are beyond a business decision focusing on income generation. 

 
The financial CBA includes all taxes and subsidies, and also takes the actual financial ar-
rangement (debt and equity financing) into consideration. The economic (or socio-economic) 
CBA ignores all taxes and subsidies. On the other hand, it may include external costs, which 
have no direct impact on the financial viability of the project, e.g. environmental costs. The 
economic CBA is often used by government agencies and national and international financ-
ing institutions in order to justify subsidies, favourable loans or other ways of special treat-
ment. On this background, this project uses the economic CBA. 
 
Differences between economic and financial analyses: 
 
 Economic analysis 

(public sector) 
Financial analysis 

(private sector) 
Viewpoint Overall society Investor 

Decision criteria Positive net present value Payback or internal rate of 
return 

Timeframe Life cycle (technical life) Short term 

Discount rate Reflects social preferences and 
other factors 

Reflects costs of borrowing, 
desired returns (normally 
higher than the economic 
discount rate) 

Energy prices 
(benefits) 

Social values reflect willingness 
to pay; alternative uses 

Prevailing market prices 

Costs Social values reflect unrealized 
opportunities 

Private, prevailing market 
prices 

Taxes and subsi-
dies 

Ignored Considered 

Social infrastruc-
ture (e.g. roads) 

Considered Ignored 

External impacts Analyzed as much as possible Ignored 

 
The economic CBA has special merits for evaluating and comparing electricity generation 
technologies, since investments in this sector are much more long-term than typical private 
investments. 
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Levelised cost method 
 
The constant-money levelised lifetime cost method is relevant for comparing alternative gen-
eration options, and assessing their relative competitiveness within a comprehensive harmo-
nised framework. The method calculates costs on basis of net electricity supplied to the grid. 
It does not replace a full electricity system cost analysis that would be carried out in support 
of expansion planning and decision-making. 
 
The levelised cost method discounts the time series of expenditures and incomes to their 
present values in a specified base year. It provides the costs per unit of electricity generated 
which are the ratios of total lifetime expenses (net present value) versus total expected elec-
tricity generation, the latter also expressed in terms of net present value. Those costs are 
equivalent to the average price that would have to be paid by consumers to repay all costs 
with a rate of return equal to the discount rate. 
 
One needs to decide whether to use the technical lifetimes of the technologies (which are 
different) or a common financial lifetime (e.g. the maturity period of the debt finance). Usu-
ally, the debt of a power source is fully repaid before the end of its technical life, and hence 
one needs to assign a scrap value at the end of the financial lifetime. To avoid calculating 
the scrap values, RECaBS uses the technical lifetime as discount period for all technologies. 

Technical lifetimes 

 
The socio-economic levelised lifetime cost may differ substantially from the financial genera-
tion, in particular for technologies with high investments costs and long technical lifetimes. 
As an example, a nuclear power plant costing 2.2 million EUR per MW and having a techni-
cal lifetime of 40 years will have a levelised cost of 31 EUR/MWh (discount rate 5%) whereas 
the financial generation cost is 48 EUR/MWh (10% interest rate, 20 years loan maturity).   
 

Discount rate 
 
A discount rate is used for discounting (reducing) future payments to their present values (in 
a specific base year; in this case 2006). Applying a discount rate takes into account the time 
value of money, i.e. money spent in the past or in the future does not have the same value 
as money spent today. The higher the discount rate, the lower the present value of future 
payments is. 
 
The discount rate is of paramount importance for the calculation results. In many countries 
the government, e.g. the ministry of finance, prescribes which discount rate must be used for 
assessing public investments and for economic assessments of private investments. The 
reason for the political stipulation of the discount rate is that it enables government to deter-
mine how the available financial resources shall be divided among short-term and long-term 
investments. If, for example, a government intends to promote renewable energy technolo-
gies (e.g. hydro- or wind-power with high investment costs and long-term benefits), it should 
set a low discount rate, so that the future benefits may out-balance the high initial costs.  
 
The discount rate may be related to rates of return that could be earned on typical invest-
ments; it may be a rate required by public regulators incorporating allowance for financial 
risks and/or derived from national macroeconomic analysis; or it may be related to other 
concepts of the trade off between costs and benefits for present and future generations. 
 
Economic assessments are usually carried out in fixed prices. If the discount rate is 9% per 
annum in current prices (so-called nominal discount rate) and the inflation rate is 4 % per 
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annum, then the discount rate in fixed prices (so-called real discount rate) is (100 + 9) / (1 + 
4/100) – 100 = 4.8 % per annum. 
 
This study uses a discount rate of 5% per annum, as did IEA’s Energy Technologies Per-
spectives 2006. 
 
IEA’s regular ’Projected costs of Generating Electricity’ uses two discount rates: 5% and 
10%. 
 

3.3 Price level 
 

Fixed prices 
 
This is also called constant money or actual prices. All costs and benefits in the analyses are 
inserted and calculated at the price level for 2006. Therefore, all input data which are ob-
tained in other price levels must be inflated or deflated to the agreed price level. 
 
This method is opposed to current prices, where all costs and benefits are inserted and cal-
culated in the prices of the year, where they occur. 
 
The Construction Cost Trends of the United States Bureau of Reclamation 
(http://www.usbr.gov/pmts/estimate/cost_trend.html) has proven useful to update the cost of 
various power generation options to a common date3.  
 
With index=100 for the base year 1977, the indices for power plants are: 
 

year USBR index
1977 100
1985 160
1990 183
1995 212
2000 232
2001 237
2002 241
2003 247
2004 253
2005 267
2006 279  

Table 3.1: Power plant price index. 

Currencies 
 
All economic data are expressed in Euro (€ or EUR). 
 

                                                      
3 “Strategic/Sectoral, Social and Environmental Assessment of Power Development Options in Burundi, 
Rwanda and Western Tanzania”, SNC-Lavalin International for the World Bank, draft report no. 2, July 2004. 
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To convert from one currency to another, publicized exchange rates are often used. How-
ever, this causes two major problems, one being that market exchange rates fluctuate wildly. 
The figure below illustrates the development of the USD-EUR ratio as monthly averages 
from January 1997 until February 2007: 
 

Monthly exchange rates 1997-2007

0.800

0.900

1.000

1.100

1.200

1.300

1.400
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Figure 3.1: Monthly average exchange rates US dollar to Euro, 1997-2007. 
 
It appears evident that the result of converting data from one of these currencies to the other 
depends much on which date is used for the conversion. Thus, one can almost select an 
exchange rate, which will ensure conclusions in conformity with wishful thinking. 
 
Another problem is that prices of goods and services are usually lower in poorer economies. 
For example, a U.S. dollar exchanged and spent in the People's Republic of China will buy 
much more than a dollar spent in the United States. 
 
This study will therefore use the purchasing power parity exchange rates. In economics pur-
chasing power parity (PPP) is the method of using the long-run equilibrium exchange rate of 
two currencies to equalize the currencies' purchasing power. It is based on the law of one 
price; the idea that in an efficient market identical goods must have only one price.  
 
PPP conversion factors are based on price and expenditure surveys for a given basket of 
goods and represent the conversion factors applied to equalize price levels across countries. 
PPP rates are elaborated and publicized by OECD (www.oecd.org/std/ppp). Table 3.2 shows 
historical PPP rates for the countries participating in RETD. The PPP rates are all measured 
against the U.S. dollar: 
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2002 2003 2004 2005 2006
CANADA 1.23 1.24 1.25 1.25 1.23
DENMARK 8.43 8.47 8.40 8.40 8.37
FRANCE 0.900 0.930 0.918 0.901 0.893
GERMANY 0.959 0.905 0.894 0.883 0.875
IRELAND 1.00 1.01 1.00 1.00 1.00
ITALY 0.825 0.850 0.861 0.862 0.856
NETHERLANDS 0.921 0.923 0.897 0.882 0.867
NORWAY 9.14 9.03 8.93 8.73 8.68
UNITED KINGDOM 0.610 0.624 0.619 0.619 0.618
EUR15 0.884 0.881 0.874 0.870
UNITED STATES 1.00 1.00 1.00 1.00 1.00  

 
Table 3.2: Historical purchasing power parity (PPP) rates for the countries participating in 
RETD. 
 
IEA’s World Energy Outlook 2006 also used PPPs for currency conversions. 
 
Example on how to convert from one currency in one year to another currency in another 
year: 

Step 1:  Convert to USD at same price level, using PPPs.  
100.00 GBP (United Kingdom), 2002 level = 100/0.610 = 163.93 USD (2002). 

Step 2:  Convert USD to 2006 price level using the USBR Cost index. 
163.93 USD (2002) = 163.93*279/241 = 189.78 USD (2006 price level). 

Step 3:  Convert USD to EUR (EUR15), using PPPs. 
189.78 USD (2006) = 189.78*0.870 = 165.11 EUR (2006). 

Thus, 100 GBP in 2002 equals 165.11 EUR in 2006. 
 

3.4 Technology costs 

Investment costs 
 
Investment costs are also known as initial investment, initial cost or principal. 
 
Investment cost data in this report are the expected costs for commercially proven and best 
available technologies (BAT) in 2010 and 2025). 
 
The base construction costs (or overnight costs) include:  

• Planning and design; including feasibility analysis, development, engineering and 
approvals by authorities 

• Site work; including access road 
• Building; including service facilities 
• Connections; electricity, water etc. 
• Equipment; including balance of plant, workshop equipment, spare parts and contin-

gencies 
• Transport to arrival port and transport from port to site 
• Assembly and commissioning 

 
In financial analyses, the total investment cost includes the base construction costs and in-
terest during construction. However, in economic analysis, payments internal to the national 
economy are excluded from the analysis.  
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Costs which are not included: 

• Land acquisition (since the cost varies much for different sites) 
• Project management and administration 
• Interest during construction (IDR). For technologies with long gestation periods, e.g. 

large-scale hydropower and nuclear power, the IDR can be substantial and should 
therefore be included in concrete project assessments. 

• Taxes and duties 
• Insurance. This is included under operation and maintenance. 
• Cost to dismantle decommissioned plant. As decommissioning costs of nuclear 

power plants are considerable, such costs may be added when including nuclear 
energy in comparative studies. 

 
All costs during the construction period are discounted to date of commissioning. 
 
The total investment cost is divided by the net electric capacity (generator output minus own 
consumption) to arrive at the specific investment cost (in million EUR per MW or EUR per 
kW). 
 

Operation and maintenance costs 
 
Ideally, operation and maintenance (O&M) costs should be split into three components: 

1. The fixed share of O&M (€/MW/year) includes all costs which are independent of 
how the plant is operated, e.g. administration, operational staff, property tax, insur-
ance, and payments for O&M service agreements.  

2. The variable O&M costs (€/MWh) include consumption of auxiliary materials (water, 
lubricants, fuel additives), spare parts, and repairs (however not costs covered by 
guarantees and insurance).  

3. Re-investments which appear at periodic intervals of several years. A typical exam-
ple is the inverter in a photovoltaic system; the inverter usually has a shorter techni-
cal life than the remaining system, and therefore has to be replaced after 10-15 
years of operation.  

 
Data sources often quote total O&M as a percentage of initial investment per year. When 
more detailed data are not available, such a percentage shall be translated into a fixed O&M 
component (€/MW/year) with the variable component being zero. 
 
It should be taken into account that O&M costs often develop over time. The stated O&M 
costs are therefore the average costs during the entire lifetime.  
 

3.5 Fuel prices 
 
Fuel prices are volatile, in particular oil prices, and therefore price forecasting is subject to 
much debate. The two below figures show historic oil prices, 1861-2006 and 1989-20064: 

                                                      
4 Source: ”BP Statistical Review of World Energy 2007”, www.bp.com. 
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Figure 3.2: Crude oil prices 1861-2006. Source: ”BP Statistical Review of World Energy 2007”, 
www.bp.com. 

 
 

 
Figure 3.3: Prices of oil products, 1989-2006. 
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Coal prices are usually less volatile, although a substantial increase has occurred since 
2002: 

 
Figure 3.4: Steam coal import costs in USD/tonne. Source: Key World Energy Statistics, IEA, 
2007. 
 
The World Energy Outlook 2006 (ref. 56) used the following price forecasts: 
 

2010 2015 2030
IEA crude oil imports USD/barrel 51.50 47.80 55.0
Natural gas
   US imports USD/MBtu 6.67 6.06 6.92
   European imports USD/MBtu 5.94 5.55 6.53
   Japanese LNG imports USD/MBtu 6.62 6.04 6.89
OECD steam coal imports USD/tonne 55.00 55.80 60.0  

Table 3.3: IEA forecasted fuel prices. 
 
The gas prices are expressed on a gross calorific value basis. It is assumed that coal prices 
are expressed in similar terms. The present study is based on net calorific values (also called 
low heating values). Generally, the amount by which the net calorific value of natural gas lies 
below the gross calorific value is 10%. So, to convert from prices based on gross to net calo-
rific value, one shall divide by 0.9. For coal the difference is 3%. 
 
Furthermore, the energy unit MBtu has been replaced by GJ of the metric system (1 MBtu = 
1.055 GJ), while for crude oil and coal net calorific values of 6.12 GJ/barrel and 31.4 
GJ/tonne have been employed.    
 
Finally, the USD-2005 prices have been converted into EUR-2006 prices. Inflating the prices 
to 2006 price level with the USBR index (279/267), using an exchange rate of 0.870 
EUR/USD for 2006 (OECD PPP's) and interpolating between years 2015 and 2030, the 
above gas and coal prices convert into (in real-year 2006 prices): 
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2010 2025
IEA crude oil imports EUR/GJ 7.65 7.81
Natural gas
   US imports EUR/GJ 6.39 6.35
   European imports EUR/GJ 5.69 5.94
OECD steam coal imports EUR/GJ 1.64 1.75  

Table 3.4: IEA forecasted fuel prices converted to prices EUR (2006 price level) per GJ. 
 
The cost of biomass differs for different kinds of biomass. Also, it is difficult to set a global 
price, since only a minor fraction, primarily wood chips, is traded internationally. For the time 
being, a Danish government-determined socio-economic cost of 4.50 EUR/GJ for forest 
woodchips is employed as default cost (CIF 3.10 EUR/GJ plus local transport 1.40 EUR/GJ). 
The woodchips originate as by-products or residues from forestry operations. 
 
If the biomass is a residue from e.g. wood industry, the cost is usually lower. If the biomass 
is purpose-grown (energy crops), the cost would normally be higher. 

Solid biomass 

 
Typically, a biogas plant receives a gate fee for processing some organic wastes (in particu-
lar manure), equivalent to a negative fuel price. Other biomass resources (e.g. industrial 
wastes) are purchased at a positive price. Usually, the income exceeds the expenses. How-
ever, it is assumed that the net income is counter-balanced by the fuel handling costs, so 
that the net fuel price is zero. 

Biogas 

 
The ‘price’ of municipal solid waste (MSW) is negative, determined from typical gate fees in 
European MSW plants (ref. 8). Assuming that half of the gate fees are taxes and levies, the 
socio-economic value of MSW as fuel becomes 2 – 9 EUR/GJ, average 5 EUR/GJ. 

Municipal solid 
waste 

3.6 Income from heat sales 
Besides electricity, some technologies also produce heat, which can be sold to a district 
heating system. REcalculator deducts this income from the basic costs.  
 
The amount of heat that can be sold depends on the size of the district heat system and on 
climate conditions – more can be sold in a northern big city than in a southern small city. 
REcalculator assumes that most of the heat can be sold during a typical heating season in 
northern Europe. At a later stage, the user will be able to adjust the annual equivalent full-
load hours for heat sales. 
 
The socio-economic value of heat delivered by a power plant to a district heating network 
may be determined using two different baselines: 

A. The alternative (baseline) is a heat-only plant. All costs (capital, O&M and fuel) are 
accounted for.  

B. The heat is a waste product from electricity generation. The value is therefore equal 
to the marginal costs of generation, primarily the marginal fuel costs. 

RECaBS has chosen the latter option to determine default values. Accordingly, assuming 
that district heat will substitute heat generated from a fuel mix of 60% coal and 40% natural 
gas, and using IEA’s predictions on fossil fuels (ref. 4), the fuel costs become in  2010 - 2.80 
EUR/GJ and in 2025 - 3.50 EUR/GJ 

For comparison, the average consumer price in Europe is 49 EUR/MWh, VAT included5. 
With an average VAT of 20%, this is equivalent to 11 EUR/GJ, VAT excluded. 

                                                      
5 Website of Euroheat and Power (www.euroheat.org), May 2007. 
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4 Technologies 
The following technologies have been analysed by RECaBS: 
 

1. Wind turbines, onshore 
2. Wind turbines, offshore 
3. Solar photovoltaics 
4. Concentrating solar thermal power 
5. Biomass, large combustion 
6. Biomass and coal co-firing, large scale 
7. Biomass gasifier, small scale 
8. Biogas, centralized plants 
9. Hydropower, small scale 
10. Wave power 
11. Municipal solid waste, incineration 
12. Coal power 
13. Coal power + CO2 capture and storage 
14. Natural gas combined cycle gas turbine 
15. Nuclear power 

 
Descriptions and data for all technologies are presented in Annex A. They are also available 
at the RECaBS website. 
 
The descriptions and data have been developed by extensive desk studies on all possible 
and public available sources of information (see Chapter 10, Literature). Subsequently, a 
quality assurance of draft descriptions has been conducted. This activity included the follow-
ing elements: 

o Inviting key IEA experts to comment on the drafts, cf. Annex C. 
o Presenting preliminary results at international workshops. 
o Making all information available for scrutiny at the RECaBS website. 

 
All technologies are described by data for two years: 2010 (investment decisions of today) 
and 2025 (to illustrate the benefits of technology learning). 
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5 Externalities 
 
Externalities are impacts from the electricity generation activity, e.g. lung diseases from air 
pollution, which have no financial bearings on the owner of the power plant, but which result 
in economic costs or benefits to society. In economic literature these are called market fail-
ures. 
 
The difficulty is to quantify the costs and benefits in terms of money, so that the externalities 
can be included in socio-economic evaluations. Then the political issue is whether and how 
to introduce corrective measures to include (internalise) the externalities in energy prices at 
the least cost for society in order to create a level playing field for all technologies.  

Two main chal-
lenges 

 
RECaBS includes five different externalities: 

1. Climate change; greenhouse gasses, in particular CO2 and CH4. 
2. Other pollution: Air emissions (SOx, NOx, particles, and radioactive emissions) and 

nuclear accidents. 
3. Grid integration; primarily extra costs to electrical infrastructure, power balancing 

costs and reduced capacity value for wind turbines and additional reserve capacity 
for nuclear power plants. 

4. Security of fuel supply; substitution of fuel imports with indigenous resources. 
5. Local benefits; primarily employment. 

 
Each of these externalities is described below. The same information can be downloaded 
from the RECaBS website in five separate documents, all starting with ‘Externality - ’. 
 

5.1 Environment 
 
The analyses of environmental externalities are primarily based on the methodical approach 
that was developed in connection with the international research project ExternE. 
 

ExternE The ExternE has made thorough analyses of various fuels and technologies in the electricity 
sector with methodology and results published in 1995, 1999 and 2004 (NewExt). ExternE is 
funded by the European Commission and in its first phase also by the US DOE. The meth-
odology of ExternE is widely accepted by the scientific community and is according to Ex-
ternE considered as “the world reference in the field”. 
 
To the extent possible, the ExternE applies a life-cycle approach assessing environmental 
impacts in all stages of the “fuel chain” – from fuel extraction, over fuel transport, conversion 
at the power plant and decommissioning of plants and waste handling. In the ExternE analy-
ses all important environmental impacts are quantified, including climate change issues, 
health impacts from air pollution, accidents (including occupational accidents), impacts on 
agricultural yield of air pollutions, corrosion of building, noise and visual impacts. Some im-
pacts, however, like acidification and eutrophication of ecosystems, are not monetized due to 
lack of satisfactory data. 
  
The analyses by ExternE were carried out for concrete European power plants mainly com-
missioned in the beginning or mid 1990’es. Therefore, calculation results cannot be directly 
applied for the present project examining best available technology in 2010 and 2025. How-
ever, the results may work in an initial screening identifying which externalities are the most 
important to focus on in the present project.  
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Table 5.1 provides an overview of the most important environmental externalities for a range 
of relevant electricity generation technologies – conventional technologies as well as renew-
ables. The table is based on the results from the comprehensive results of the national stud-
ies from ExternE from 1999. Externalities are divided in two categories: important external-
ities that must be included and less important externalities that could be included.  

Screening of envi-
ronmental exter-
nalities 

 
The results from ExternE indicate that climate changes and air pollution make out the most 
important environmental costs, and that the costs are primarily related to the energy produc-
tion phase (stack emissions). To this should be added a number of issues specific to nuclear 
power: health impacts related to the emissions from radioactive mine tailings may constitute 
a significant externality. Moreover, the costs related to possible nuclear accidents (reactor 
meltdown) deserve attention and so does costs related to the decommissioning of nuclear 
power plants. 
Furthermore, the analyses show that the emissions of “classical” pollutants such as SO2, 
NOx and particles are considerably more important than emissions of for example CO, diox-
ins, furans and carcinogenic metals. 
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Technology Externalities 
- important 

Externalities  
– less important 

Coal power plant 
 

- Climate change –due to 
GHG emissions from gen-
eration phase 
- Health impacts from air 
pollution - primarily from 
generation phase 
 

- Climate change –due to 
GHG emissions from extrac-
tion phase 
- Occupational accidents in 
extraction phase (mining)  

Gasfired Combined Cycle 
 

- Climate change –due to 
GHG emissions from gen-
eration phase 
- Health impacts from air 
pollution - primarily from 
generation phase 
 

- Climate change –due to 
GHG emissions from extrac-
tion phase 
- Potential accidents in con-
nection with gas storage 
facilities  

Nuclear power plant 
 

- Emissions from radioactive 
mine tailings 
- Possible nuclear accidents 
(storage of radioactive 
waste, decommission of 
plants6) 

- Climate change –due to 
GHG emissions from extrac-
tion phase 
 

Biomass plant (central/ de-
central) 

- Climate change –due to 
GHG emissions from gen-
eration phase 
 

- Emissions from procure-
ment and transport of bio-
masse 

Municipal waste incineration 
 

- Health impacts from air 
pollution - primarily from 
generation phase 
- Climate change –due to 
GHG emissions from gen-
eration phase 
 

- Emisisons related to trans-
port of fuel 

Wind power  -  - Emission related to the 
production of the wind tur-
bines  

Table 5.1: Overview of the most important externalities from different electricity production 
plants (based primarily on ExternE, 1999) 
 
Visual impacts for example from wind power plants are considered negligible in the analyses 
by the ExternE team. 
 
The following sections describe the three issues which are identified as the most important 
externalities: 
 

1) Climate change – emissions of CO2 and other GHG 
2) Air pollution  - emissions of SO2, NOx and particles 
3) Nuclear specific issues – emissions from mine tailings, nuclear accidents 

 

                                                      
6 Costs related to storage of radioactive waste and decommissioning of plants may be considerable. However, 
these costs are not always treated as externalities because they are (ought to be) paid for by the plant owner. 
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Stack emissions 
only 

Only air emissions from the generation phase (stack emissions) are included in the calcula-
tions, as these emissions are the most important. Thus, emissions from mining, fuel transport 
etc. are ignored7.  

Climate change 
 
For electricity generating technologies the dominating greenhouse gas is CO2. The emission 
is directly related to fuel consumption. Possible other greenhouse gasses are converted to 
CO2 equivalents. 
 
The economic value of greenhouse gas emissions from an electricity generating plant 
(€/MWh) is the specific cost (€ per tonne CO2) times the emission coefficient (tonnes CO2 
per GJ fuel) times the fuel consumption (GJ fuel per MWh electricity). 
 
 
The specific cost of damages caused by greenhouse gasses 
 
Extensive analyses have been made of the economic consequences of climate change, 
among others  the international research project ExternE (www.externe.info). Due to uncer-
tainties and information gaps related to results from climate models, ExternE recommends 
that an avoidance cost principle should be used when pricing the greenhouse gas emissions 
- i.e. an estimate of the costs of reducing the emission of greenhouse gasses. 
 
This approach is also preferred here. It is assumed that CO2 will continue to be traded in a 
market, and the question is therefore how the prices of CO2 quotas will develop in the future.  
 
The future price of CO2 depends on a range of factors including the technological develop-
ment of new technologies, the world economic growth and the development in fuel prices. 
The level of international climate change ambitions, however, is probably the dominant fac-
tor. A high international level of ambition will increase the demand for quotas and thereby 
increase costs, whereas a low level of ambition should lead to a low price of carbon. 
 
€ 20 per tonne is used as the reference CO2 price in 2010 as well as in 2025, as most ana-
lysts tend to suggest prices around this level8. The REcalculator allows you to alter the cost 
of CO2 and observe how this changes the competitiveness of energy technologies. 
 
For sensitivity analyses it is suggested that you use € 40 per tonne as upper limit. As lower 
limit you may opt for the forecasted market price of CDM certificates, around 5 – 10 €/tonne. 
 
 

                                                      
7 Other studies have estimated the life cycle emission from electricity generation. A recent study, “Uranium 
mining, processing and nuclear energy” (2006), was carried out by the Australian Government 
(http://dpmc.gov.au/umpner/reports.cfm). The best estimate CO2 emission estimates of non-fossil fuel tech-
nologies were: Solar PV 106; nuclear 60; wind turbines 21; and hydro (run-of-river) 15 kg CO2-e/MWh. 
8 A recent study by Deutsche Bank has estimated a price of 35 EUR/tonne for EU CO2 allowances (EUAs) 
under EU’s Emission Trading Scheme across the period 2013-2020. Source: Power in Europe, Issue 506, 30 
July 2007. 
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Greenhouse gas emissions 
 
Fossil fuels  
The emission factors are those recommended by the International Panel for Climate 
Change, IPCC (ref. 2): 
 

Fuel Emission factor 
(tonne CO2 per GJ) 

Steam coal 0.098 
Lignite 0.101 
Natural gas 0.056 
Gas/diesel oil 0.074 

 
Biomass 
In general, the use of biomass (plant materials) for electricity generation is considered neu-
tral to the global climate, as the amount of CO2 emitted to the atmosphere from the energy 
conversion equals the amount of CO2 that was removed from the atmosphere by the plants 
through photo synthesis. 
 
Incineration of municipal solid waste 
Incineration of municipal solid waste (MSW) is a special case. The below calculation is 
based on ref. 12. 
 
The climate-relevant emissions from MSW incineration are mainly CO2 (carbon dioxide), N2O 
(nitrous oxide), NOx (oxides of nitrogen), NH3 (ammonia) and organic C, measured as total 
carbon. CH4 (methane) is not generated in waste incineration during normal operation. 
 
The incineration of 1 tonne of municipal waste in MSW incinerators is associated with the 
production/release of about 0.7 to 1.2 tonne of carbon dioxide (CO2 output). The proportion 
of carbon of biogenic origin is usually in the range of 33 to 50 percent. 
 
In the proposed methodology to calculate emissions from waste incineration, the source 
assumes that CO2 emissions average 1 tonne per tonne of waste, and that the proportion of 
climate-relevant CO2 averages 0.415 tonne of CO2 per tonne of waste. 
 
The N2O emissions, in terms of CO2-equivalent, are less than 1% of CO2 and are therefore ignored by 
RECaBS. 
 
The calorific value of MSW is: 

Europe:  7,500 – 10,500 kJ/kg  
Japan:  5,000 – 10,500 kJ/kg 
USA:  9,000 – 15,000 kJ/kg 

 
Assuming a calorific value of 10,400 kJ/kg, the CO2 emission factor becomes 0.0399 tonnes CO2/GJ, 
rounded to 0.04 tonnes CO2/GJ. This is used as default value in the REcalculator. 
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Biogas 
Biogenic emissions of CH4 and N2O occur in stables, during handling, storage and after field 
application of animal manure. However, RECaBS includes greenhouse gas emissions from 
the electricity generation phase only. Therefore, N2O emissions are ignored, as they primar-
ily occur in the field. 
 
It is assumed that all the heating value of the biogas originates from CH4. Part of this CH4 
would otherwise have been released to the atmosphere, depending on the alternative animal 
waste management system. As default assumption, 20% of the CH4 otherwise used by the 
biogas plant for energy production would have been emitted to the atmosphere (see more 
details in Annex A of the Technology Sheet for biogas).  
 
With a lower heating value of CH4 of 35.9 MJ/m3and a density of 0.67 kg/m3, 1 GJ of CH4 
weighs 18.7 kg. As one molecule of CO2 is 2.74 heavier than one molecule of CH4, 18.7 kg 
CH4 becomes 51.2 kg CO2 after combustion. So, each GJ consumed by the biogas plant 
results in 51.2 kg CO2. 
 
Alternatively, the liquid/slurry tank would release 20% of 18.7 kg CH4, i.e. 3.73 kg. As the 
global warming potential of CH4 is 21 times that of CO2, 3.73 kg CH4 ventilated directly into 
the atmosphere is equivalent to 78.4 kg CO2. 
 
Thus, the difference between ventilation and combustion is 27.2 kg of CO2-equivalent per 
GJ, rounded to 27 kg/GJ. This is a climate change benefit of the biogas plant, and it there-
fore appears as a negative cost in the REcalculator. 
 

Air pollution 
 
Air pollution causes various types of impacts ranging from increased corrosion of buildings, 
over reduced agricultural yield and effects on ecosystems to human health impacts.  
 
Among experts within the health sector, there is general consensus that air pollution – even 
at the current level – will aggravate morbidity and lead to premature mortality. The highest 
costs originate from chronic mortality, i.e. increased mortality in the long term, contrary to 
acute impacts occurring within a few days after exposure to pollution (ExternE 2005). 
 
The costs of acidification and eutrophication of ecosystems have not been valued here, as 
no reliable assessments of these have been made (the international research project Ex-
ternE and the EU Clean Air for Europe (CAFE) programme do not put a cost figure on these 
impacts either). For the EU as a whole, preliminary analyses seem to indicate, that the costs 
of acidification and eutrophication are moderate compared to the health impacts caused by 
air pollution. However, the costs may be considerable in areas with sensitive ecosystems. 
 
The costs of air pollution very much depend on, for example, the type of environmental 
equipment and combustion technology used at the plants, and where the plants are located 
geographically and in relation to the local surroundings. Pollution emitted in densely popu-
lated areas has greater impacts and higher costs than when emitted in thinly populated ar-
eas. 
 
Environmental economic analyses show that health impacts make up the largest economic 
externality of air pollution. In this respect, it is of great importance how increased mortality is 
valued in society, especially premature mortality among elderly people caused by pollution. 
Experts are split in two schools of thought: one arguing that the lives of elderly people are 
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almost as valuable as younger people's lives (Value of Statistical Life, VSL) and another 
asserting that the value should be reduced considerably to take into account that they have 
fewer years left to live (Value of Life Years Lost, VLYL)9. 
 
In the present project we chose to use the VLYL-methodology as the reference methodology 
- in accordance with the ExternE. However, the interactive calculator on www.iea-retd.org 
allows you to change methodology to VSL and observe how this changes costs. 
 
The main methodological questions related to the valuation of air pollution are outlined in 
Table 2 along with the approach selected for the present project. 
 
 

 
What is emitted? Where is it  

emitted? 
Impacts? Valuation? 

It is of great importance 
which types of fuels are 
used and which envi-
ronmental installations 
the power plant is 
equipped with. 
 
 
 
 
 
 
 
Most important factor: 
Power plant technique 

Damage caused by air 
pollution varies con-
siderably depending 
on where in Europe 
the emissions are 
emitted, and whether 
the power plants are 
located close to major 
cities. 
 
 
 
Most important factor: 
Location of the plant 

It plays an important 
role, how an increased 
level of pollution is 
translated into in-
creased mortality and 
morbidity in society. 
Uncertainty as to the 
dispersal of air pollu-
tion in the atmosphere 
may also influence the 
result. 
 
Most important factor: 
Scientific uncertainty 
 

It is of great impor-
tance how increased 
mortality is valued in 
society, particularly 
premature mortality 
among elderly people. 
 
 
 
 
 
 
 
Most important factor: 
Ethical/methodical 
questions 

SO2, NOx and 
particles 
 
Emissions factors based 
on Best Available Tech-
nology 

EU-25 average Based on the latest 
scientific knowledge 
 
Impacts on ecosys-
tems are not included 
(e.g. acidification of 
lakes and forests) 
 

Welfare economic 
approach.  

  

 

Average of urban and 
rural emissions 
 

Sensitivity analyses of 
the value of a ”statisti-
cal life” 

Table 5.2: Conditions of considerable importance to the external costs of air pollution. 

Methodical 
questions 

Selected 
approach 

 

                                                      
9 For a thorough discussion of the different methodologies for assessing statistical life, we refer to ExternE 
(2005): “Externalities of Energy Methodology 2005 – Update” and to Krupnick et al. (2004): “Pear review of 
the methodology of cost-benefit analysis of the clean air for Europe programme.”  
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The specific emission factors, which are used for the comparisons of technologies in the 
present project, can be viewed on www.iea-retd.org (select Downloads and choose the tech-
nologies in question). 
 
The applied damage costs are based on calculations from the EU’s CAFE programme 
(Clean Air For Europe) and appear from Table 310. The costs deduced in the CAFE pro-
gramme represent an average of emissions emitted in the countryside and close to urban 
areas. If a plant is located in the countryside, the relative costs will thus be lower than indi-
cated, and vice-versa if it is located near urban areas. Likewise, costs are considerable 
greater in densely populated countries such as Germany and the Netherlands than in Swe-
den and Finland. Therefore, the damage costs in Table 3 below are only indicative. If a con-
crete plant is to be analysed, more specific analyses are necessary taking into account for 
example the actual location of the plant and stack height. 

 
Damage cost 
(€/kg) 

Reference (VLYL) Alternative (VSL) 

6 16 SO2/sulphate 
4 12 NOx/nitrate 
26 Particle pollution 75 

Table 5.3: Damage per tonne of pollutant emitted in the EU (AEA Technology Environment, 
March 2005). The high and the low estimates represent different methodical approaches to as-
sessing increased mortality in society due to air pollution. The particle cost in the CAFE pro-
gramme is calculated on the basis of PM2.5, which means fine particles smaller than 2.5 thou-
sandths of a millimetre. The costs deduced in the CAFE programme represent an average of 
emissions emitted in rural and urban areas. 

Externalities of nuclear power 
Four types of externalities are often discussed in relation to nuclear power: 
 

- Possible nuclear accidents (the risk of reactor melt-down and dissemination of ra-
dioactive substances) 

- Radio-active emissions from mine-tailings 
- Long-term storage of radioactive waste 
- Decommissioning of nuclear power plants 

 
In this project ”long-term storage of radioactive waste” as well as “decommission of nuclear 
power plants” are treated as part of the nuclear power plants basic costs, which are consid-
ered in the technology sheet for nuclear power (available at www.iea-retd..org). Therefore, 
only costs of possible nuclear accidents and radioactive emissions from mine-tailings are 
considered in this note.  
 
Possible nuclear accidents 
Assessing the costs of possibly nuclear accidents is very challenging for several reasons: 
 
Firstly, it is very difficult to determine the probability of an accident taking place. The statisti-
cal background material for assessing large scale nuclear power accidents is (fortunately) 
extremely limited. Only the Three-Mile Island accident and the Chernobyl accident can be 

                                                      
10 We chose to use results from the EU’s CAFE programme because this programme has developed cost-
estimates using both methodologies (VSL and VLYL) for the valuation of statistical life. Moreover, calculations 
have been made for all EU-15 countries. In a later version of REcalculator this data would enable users to make 
country specific analyses of the costs of air-pollution. In the current version we used an EU average. The 
CAFE calculations are based on the methodology developed within ExternE.  

 29

http://www.iea-retd.org/
http://www.iea-retd..org/


 

considered large accidents, and only the Chernobyl accident resulted in significant off-site 
consequences. 
 
Secondly, it is a complicated and resource demanding task to work out the costs of possible 
accidents because the consequences are very extensive: including health effects on the 
exposed population and its descendants, impacts on the environment and on the economy in 
the affected area, social disruptions and repercussions, psychological stress etc. This re-
quires an extensive amount of data and raises methodical and ethical questions for example 
related to dose-response relations, discounting of future impacts and the valuation of morbid-
ity and mortality. 
 
Moreover, estimates should in principle be made plant by plant taking into consideration the 
concrete plant technology, topographical and meteorological conditions and the characteris-
tics of the surrounding environment (population density, economic parameters etc). 
 
Usually two different approaches are used to examine the costs of nuclear accidents (NEA 
2000): 
 

1) Top-down approach, based on past experience (primarily the Chernobyl accident) 
with adjustments if necessary 

2) Bottom-up approach, based on plant specific Probabilistic Safety Assessments 
(PSA) and consequence analyses. 

 
To this comes a mixture of the above approaches, called ”limited bottom-up approach relying 
on PSA scenarios, but where site specific effects are not considered 
 
The figure below provides an overview of the estimated external costs of severe reactor ac-
cidents in different recent studies (measured in US cents/kWh). It appears that the costs vary 
by a range of six orders of magnitude. From a totally negligible cost to a very significant cost 
– higher than the basic costs of nuclear energy generation. 
 
Generally, studies applying the top-down approach result in the highest estimates (Cherno-
byl was obsolete technology), whereas studies based on PSA analyses give quite low esti-
mates. 
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Figure 5.1: Span of estimated external costs of severe reactor accidents (NEA 2000: 34) 
 
ExternE applies a bottom-up PSA approach examining so-called ”beyond design accidents” 
(for example reactor meltdown scenarios) combined with an assessment of their probability.  
Even though the consequences of some of the scenarios are very severe (more than 10,000 
cancer victims) the externalities measured per kWh are relatively small (up to 0.035 ECU-
cent/kWh) (ExternE 1999: 581). The reason for this is that the probability of serious off-site 
accidents is estimated to be extremely small. For a German nuclear power plant only two 
serious accidents are assumed for every 1 million years the reactor is operated - correspond-
ing to 0.2*10-6 accidents per TWh produced (ExternE 1999: 123).  However, it is underlined 
by ExternE that great uncertainty is connected to determining the size of these externalities – 
especially in relation to how the public perception of risk should be included in the analyses. 
 
Using historic data we obtain noticeably different figures. Until today, global nuclear power 
plants have produced app. 50,000 TWh11, and in that period we have seen two large nuclear 
power accidents involving reactor melt-down: the Three-Mile Island accident in 1979 and the 
Chernobyl accident in 1986. Measured per produced unit of energy produced, this results in 
a risk of app. ca. 40*10-6 per TWh for accidents with reactor melt-down or 20*10-6 per TWh 
for an accident with meltdown and serious off-site implications (Chernobyl). According to 
Kuemmel et al. (1997: 67ff) the cost of Chernobyl amounts to app. ca. 600 bill. EUR12. Com-

                                                      
11 According to the US Energy Information Administration International Energy Annual 2004, the global nu-
clear power generation in the period 1980-2004 is 47,000 TWh. To this comes generation up to 1980 which we 
estimate to app. 3,000 TWh – totalling 50,000 TWh of accumulative nuclear energy generation. 
12 Including side-effects and monetised health effects. Other studies have reached different figures (see NEA 
2000: 34).  
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pared with today’s accumulated nuclear energy generation this is approx. 12 mill. EUR/TWh 
or 1.2 EUR-cent/kWh (12 EUR/MWh). 
 
According to Kuemmel et al. (1997: 67ff) the difference between the ExternE estimate and 
the figures derived from the historic data reflect, that: 
 

1. The ExternE calculation is based on “state of the art” reactor design, where the risk 
of accidents should be considerably lower, than what the historic data indicates 

2. That the ExternE calculations are based on a number of ”expected” accidents, which 
do not sufficiently take into consideration unpredicted events.  

 
Table 4 summaries factors, which may cause an estimate based on historic “Chernobyl”-data 
to either overestimate or underestimate the external costs of a new state-of-the-art nuclear 
power plant in Western Europe. 
 

Overestimate Underestimate 
Plant design: Serious deficiencies 
have been found in the former USSR 
PWR design (Pressured Water Re-
actor). 

Higher population density in surround-
ing areas in many Western European 
countries => higher casualty rate 

Lack of regulatory body in the former 
USSR 

Higher GDP in Western European 
countries than in the former USSR => 
thus greater economic consequences 
of nuclear accidents 

 

Safety culture was highly problematic 
in the former USSR. 

Terrorism: Increased threat since 
2001-09-11 

Table 5.4: Factors which may cause an estimate based on historic “Chernobyl”-data to either 
overestimate or underestimate the external costs of a new state-of-the-art nuclear power plant 
in Western Europe (own creation). 
 
For further comparisons in the present project we have chosen to use an external cost of 
nuclear accidents of 2.5 €/MWh as a rough estimate. This estimate takes into account that 
future plants are assumed to be considerably safer than existing plants, and that the public 
anxiety about nuclear power should be assigned an economic value. The estimate is consid-
erably higher than ExternE’s estimates, but this is deemed to be reasonable considering that 
new risks have arisen since ExternE’s assessments were made - for instance in the form of 
terror - and that risk assessments tend to underestimate unforeseen events. 
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The insurance perspective  
In principle the externalities related to possible nuclear accidents should be reflected 
(internalised) in the insurance costs of nuclear power plants.  However, historically gov-
ernments have wished to ensure that the growth of the nuclear industry would not be 
hindered by an intolerable burden of liability for nuclear damage. According to the Nu-
clear Energy Agency (NEA 2000) the world wide available insurance capacity for nuclear 
risks is not sufficient to cover extremely high amounts of potential losses to the public, 
which nuclear accidents may impose. A commitment to insure nuclear power plants 
would involve an unacceptable insolvency risk to the insurers themselves. Therefore, 
special regimes have been developed at the national and international level “to govern 
civil liability for nuclear damages incurred by third parties” (NEA 2000). This legislation 
ensures that the liability of operators of nuclear power plants is limited in amount as well 
as in time. Liabilities vary from country to country, but compared to possible costs of off-
site accidents the liabilities of operators are very limited. 
Source: NEA 2000 

Radioactive emissions from mine tailings 
According to ExternE, radioactive emissions from abandoned mill tailings (byproduct material 
from the rough processing of uranium ore) make out one of the other essential externalities 
of nuclear power. This applies primarily to Radon 222, which is emitted from mill tailings for a 
period of at least 10,000 years. There is, however, great uncertainty connected with quantify-
ing the health impacts as the individual doses to which people are exposed are very small 
(ExternE 1999: 123 ff). Moreover, there is the question of today’s value of future damages 
caused by radioactive emissions (selection of discount rate). In this study, external costs of 
abandoned uranium mines are set at 1.5 €/MWh, which is the mean value of the costs calcu-
lated at a high discount rate of 3 % (< 0.1 €/MWh) and a low discount rate of 0 % (approx. 3 
€/MWh) (ExternE 1999: 124)13 14. 
 
Total value of externalities for nuclear power 
In conclusion, RECaBS uses the following default values: 

 
Nuclear accidents:  2.5 EUR/MWh 
Radioactive emissions:  1.5 EUR/MWh 
Total cost:  4.0 EUR/MWh 

 

5.2 Security of fuel supply 
 
A major economic advantage of renewable energy is its price stability and the hedge it pro-
vides against price risks. 
 
These macro-economic consequences can only be interpreted as externalities to the “extent 
that parties to labour and capital transactions cannot fully avail themselves of the means to 
anticipate and respond to energy price shocks”. If they are anticipated and coped with by 
market players, effects of changing energy prices would be internalized. (ref. 31) 
                                                      
13 Based on calculations for a German nuclear power plant. 
14 The discount rates applied here are lower than the reference 5 % discount rate used to compare the basic 
costs of power plants at www.iea-retd.org. However, this is in agreement with modern economic thinking, 
saying normal discount rate should be used for “marketable goods in general, whilst, for non-marketable goods, 
such as health effects or environmental damage, a much reduces discount rate is preferable used for the me-
dium term and an even lower or no discount rate at all for effects appearing far in the future.” (NEA 2000). 
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A number of studies, among others from the International Energy Agency (IEA) and the In-
ternational Monetary Fund (IMF), show that increasing oil prices reduce economic growth by 
raising inflation and unemployment and by lowering the value of certain financial assets – 
often with a one to two year delay (ref. 31). 
 
Five ways have been described whereby rising oil prices can affect the global economy 
(IMF, 2000): 
 

o Transfer money from oil consumers to oil producers. Generally, the tendency to 
spend is larger by those who lose income (energy consumers) than by those who 
gain income (energy producers), and therefore a reduction in global demand can be 
expected – at least in the short term 

o Rise in cost and prices of goods/services 
o Increase inflation 
o Impact on the financial market (direct or indirect) and subsequent impact on interest 

rates 
o Incentives for suppliers to increase oil production and investments, and for oil con-

sumers to economise 
 
The economic losses from increasing oil prices have been estimated at app. 0.5 % of GDP 
at a 10 % oil price increase. It should be stressed, however, that such estimations are asso-
ciated with a significant degree of uncertainty, because they cannot be directly measured in 
the economy (estimations are normally made using global macro-economic models).  More-
over, impacts will differ from country to country depending on for example the country‘s im-
port dependency, share of energy costs in GDP and the flexibility of the energy sector to shift 
to other fuels (ref. 29+31). 
 
It has not been possible to observe a similar positive effect on the economy of declining oil 
prices and some studies even suggest that sudden price decreases can also cause socio-
economic losses. This asymmetric relationship has been explained by the fact that it is the 
volatility of oil prices itself, which is harmful to the economy. For example, uncertainty about 
fuel prices may cause companies to postpone investment decisions, thereby impacting the 
economy as well as the labour market (ref. 29). 
 
Analyses up to now have primarily focused on oil dependency, but recent studies show that 
similar correlations apply to natural gas (ref. 29). Renewable energy can replace natural gas 
generation and indirectly oil, because oil and gas markets are interlinked (gas may substitute 
oil for many purposes, for example in industrial processes). Therefore, increased deployment 
of renewable energy or other initiatives, which contribute to reducing the dependency on 
fossil fuels (for example energy savings or nuclear power), will reduce economic losses due 
to price fluctuations.  
 
The economist Shimon Awerbuch (ref. 29) has estimated that the benefits of renewable en-
ergy would justify a subsidy level of app. 200 USD/kW for wind power - corresponding to 
roughly 7 EUR/MWh15. However, in this project we treat this figure as an external cost to gas 
power, assuming that one extra unit of gas power added to the system holds the same value 
as one unit of gas power replaced by renewable energy. 

                                                      
15 The paper by Awerbuch and Sauter does not state the subsidy in $ or €/MWh. To convert the subsidy level 
of 200 $/MW to €/MWh we use a 23 % capacity factor for wind power, a 5 % discount rate, a 20 year techni-
cal life-time of the wind power facility and purchasing power parity rate of 0.87 (1 $ = 0.87 €). Only the capac-
ity factor is stated in the article by Awerbuch and Sauter. 
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For the present calculations we have therefore added the above mentioned figure of 7 
EUR/MWh as an externality to gas power generation. Since the price of internationally 
traded coal  also to some extent follow the international prices of oil and gas, we have esti-
mated that the externalities of coal power are one third as high as for gas power (i.e. 2.3 
EUR/MWh). The latter is a preliminary estimate, because we have not been able to identify 
literature exploring this correlation.  
 
 

 
Figure 5.3: Correlation between increased deployment of renewable energy and avoided oil-
GDP losses due to price fluctuations (ref. 29) 
 

5.3 System integration 
  
Besides direct costs for investments, fuels, operation and maintenance as well as environ-
mental costs, the various technologies also have costs related to the integration into the 
surrounding energy system. This is especially the case for technologies with intermittent 
output, wind power, solar PV, wave power and hydro-run-of-river, but also nuclear power has 
an impact on system costs because of its large and inflexible nature. This section treats the 
system costs of these 5 technologies. 
 
The costs of integrating the electricity production technologies can be divided into the follow-
ing elements16: 
 

• Infrastructure costs. Extra costs for expanding and adjusting the electricity infra-
structure in order to feed in electricity production from the technology in question.  

• Balancing. Costs of handling deviations from planned production and extra costs for 
investments in reserves for handling of outages of power plants or transmission fa-
cilities.  

                                                      
16 The division in different categories is based on EA Energy Analyses (2007), UKERC (2006) and IEA (2005).  
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• Capacity credit. The cost of some technologies like wind power not being able to 
produce power when the electricity system needs it the most.  

 
The size of the cost or benefit of integrating a technology into the surrounding system de-
pends of course to a large extent on the design of the system. IEA (2005) mentions the fol-
lowing important factors: 
 

• The share of intermittent power in the electricity system. The costs per MWh of 
intermittent power tend to increase with the share. Particularly so when it comes to 
the capacity costs and the infrastructure costs. 

• The characteristics of the electricity system. Generally, the costs will depend on 
whether the needed alternative flexible resources are already accessible or if they 
have to be added to the system, either directly or via new interconnections with other 
regions. The costs in small isolated systems tend to higher than in large or highly in-
terconnected systems. 

• The operational procedures and market design. Large shares of intermittent 
power add new dimensions to an electricity system. If the operating procedures and 
market design are not adjusted to reflect the complexity of intermittent power, the 
costs may be higher than necessary. 

 
Furthermore, the costs will depend on the nature of the technology to be integrated. For ex-
ample, solar PV typically has a production profile that has a better fit with the consumption 
profile than wind power. 
 
The estimation of different system costs in this memo is based on the assumption that the 
technologies are integrated into a typical electricity system based mainly on traditional fossil 
fired power plants, some hydro power and some intermittent electricity sources (up to 10 %). 
 

Infrastructure 
 
The infrastructure costs include increased costs to reinforce distribution and transmission 
grids when integrating the new technology. Furthermore, it includes increased or avoided 
line losses in the distribution and transmission grids. 
 
In most industrial countries the transmission grid is so well-developed that integration of new 
electricity production plants in most cases will demand no further investments in the trans-
mission grid. 
 
“At low penetration rates, dispersed generation postpones investments in the transmission 
system because energy is both generated and consumed locally. However, at increasing 
penetration values DG-installations call for investments in both the distribution and transmis-
sion system in order to provide enough transport capacity”. (PB Eriksen et al, 2006). 
 
Wind on shore 
In the Green-Net study (Green-net 2007), the costs for grid connection for wind onshore are 
– on average – 8% of total project investment costs. With the off shore wind power invest-
ment cost of 0.8 - 0.9 mill. €/MW used in this project the cost for infrastructure is 0.064 – 
0.072 mill. €/MW. With the assumptions for life time, interest rate and full load hours used in 
this project, this corresponds to infrastructure costs of 2 €/MWh. 
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Wind off shore 
In connection with the expansion of off-shore wind turbines, subsequent investments in the 
electricity infrastructure will, however, be needed to connect submarine cables with the main 
grid and possibly reinforce the electricity grid. 
 
In the Green-Net (Green-net 2007) study, the grid connection costs for wind offshore are 
clustered depending on the distance to shore. The following specific costs are derived (% of 
total project investment costs): Zone 0 (near shore): 10%; Zone 1 (< 30 km): 15%; Zone 2 
(30-50 km): 20%; Zone 3 (> 50 km): 25%. With the off shore wind power investment cost of 
1.4 - 1.6 mill. €/MW used in this project the cost for infrastructure is 0.14 – 0.4 mill. €/MW 
depending on the location of the off shore wind power. 
 
In the report “Long-term challenges in the electricity system – wind power and natural gas” 
by the former transmission system operator in Eastern Denmark, the costs of reinforcing the 
internal transmission grids is estimated at approx. 53 million € per 200 MW installed off-
shore wind farm – corresponding to 0.27 mill. €/MW wind power (Elkraft System, 2005). 
 
In the report “50% Wind Power in Denmark in 2025” Ea Energy Analyses has estimated the 
infrastructure costs for connecting 2250 MW new off shore wind power to the Danish system 
to 0.48 mill. €/MW. In the report “Off shore wind power locations of the future” (Danish En-
ergy Authority, 2007), the infrastructure costs for new off shore wind power is estimated to 
be 0.44 – 0.75 mill. €/MW depending on the location. 
 
On the basis of the studies mentioned above, the infrastructure costs are estimated to be 
0.45 mill. €/MW. With the assumptions for life time, interest rate and full load hours used in 
this project, this corresponds to infrastructure costs of 8.6 €/MWh. 
 
Solar PV 
 
Deferral of transmissions and distribution upgrades 
In networks where upgrades are required in due to anticipated load growth, solar PV may 
contribute to deferring those investments. Analyses show that the benefits are very site spe-
cific varying by almost a factor of 10 between different grid areas. In some grid areas, the 
avoided costs amount to only 9,000 $/MW-yr and in other areas to 88,000 $/MW-yr17. 
 
Assuming 1 MW of solar PV reduces peak-demand by 0.5 MW – the benefit of solar PV can 
be estimated to: 
Low:  9,000 $/MW * 50 % / 1,800 MWh/MW = 4.6 $/MWh = 4.4 €-2006/MWh 
High: 88,000 $/MW* 50 %  / 1,800 MWh/MW =25 $/MWh = 23 €-2006/MWh 
 
For our further calculations we will use a mean value of 14 €-2006/MWh.  
 
Avoided line losses 
Production of electricity close to the load can reduce the losses in transmission and distribu-
tion grid. 
 
Solar PV is mostly placed at or near the point of power consumption, thereby avoiding losses 
in the transmission and distribution network. Line losses will depend on local grid conditions 

                                                      
17  “Methodology and Forecast of Long Term Avoided Costs for the Evaluation of California Energy Effi-
ciency Programs”, Energy and Environmental Economics Inc., 2004.  
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and the time of consumption/generation. In peak times losses are usually higher because 
more power is delivered in the grid. 
 
For the present calculations we assume that line losses are app. 8 % (cf. Smeloff 2005) - of 
which most of the losses are assumed to occur in the distribution grid. Assuming an average 
value of peak power of 50 €/MWh (40 €/MWh + 25 % added capacity value), the value of 
avoided line losses can be estimated to app. 4.4 €/MWh (50 €/MWh * (1-1/0.92)). 
 
For solar PV infrastructure costs are reduced compared to other technologies. The total cost 
reduction is 18.4 €/MWh. 
 
Wave power 
For wave power the costs are estimated to be the same as for off shore wind power. 
 
Hydro run-of-river 
For hydro run-of-river the costs are estimated to be the same as for on shore wind power. 
 
Nuclear 
In some cases a new large nuclear plant will need additional infrastructure. However, in most 
cases new nuclear will be established within the framework of the existing infrastructure and 
will not need further infrastructure investments. In this study no extra infrastructure costs for 
nuclear power are included. 
 

Balancing 
 
In a typical electricity market, electricity production is planned one day ahead in the spot 
market. If deviations from the planned operation occur during the day of operation, this may 
generate costs of balancing. Compared to a coal-fired power plant, waste-fired power plants 
and nuclear power plants have poorer regulating capacities, while gas turbines have good 
regulating capacities. 
 
Furthermore, in order to maintain the balance in the electricity system in case of outages of 
large-scale production facilities or transmission lines, it is necessary to maintain a certain 
amount of disturbance reserves in the electricity system. Typically, the necessary quantity of 
reserves is defined by the n-1 criterion. Introduction of new technologies in the system can 
change the necessary quantity of disturbance reserves and thus incur new costs on the sys-
tem. 
 
The above two elements are important factors in the balancing costs. A study by UKERC 
(UKERC, 2006) uses the term system balancing impacts: “These include both the additional 
response and reserve requirements that must be purchased by the system operator and the 
effects on market participants. They reflect to manage and accommodate fluctuations over 
the period from seconds to hours”.  
 
Wind power (on shore and off shore) 
The unpredictable character of wind makes it difficult to plan wind power production one day 
ahead. In a study by Ea Energy Analyses (Ea Energy Analyses, 2007) the balancing cost of 
wind power is estimated on the basis of historical regulation power prices and mean errors in 
wind forecasting to around 3 €/MWh. 
 
The study by UKERC estimates the costs for system balancing to be in the order of 3-5 
€/MWh in Britain. Furthermore, the study shows that the system balancing costs are less 
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than 8 €/MWh of intermittent output, in some cases substantially less. In the report “Pro-
jected costs of generating electricity – 2005 update” (IEA, 2005), IEA compares system bal-
ancing costs from different other studies including the Green-net and the ILEX studies, and 
the cost range is between 1.5 and 7 €/MWh. 
 
Based on the studies above, the system balancing costs are estimated to be 4 €/MWh for on 
shore and off shore wind power. 
 
Solar PV, Wave power and Hydro run-of-river 
For Solar PV, Wave Power and Hydro run-of-river only few specific studies have been identi-
fied. The intermittent nature of these electricity production technologies is similar to the na-
ture of wind power. Therefore, the power balancing costs are assumed to be similar to those 
for wind power. 
 
Nuclear 
It is assumed that all technologies examined in this study – except nuclear power – have a 
size that can be handled by the existing disturbance reserves. As regards nuclear power, it is 
assumed that the plants have a size that increases the demand for disturbance reserves. For 
example, the new Finnish nuclear power plant to be commissioned by 2011 will have a size 
of 1600 MW. In this study it is assumed that a further 500 MW disturbance reserve will be 
needed if nuclear power technology is to be implemented in an existing system. The extra 
reserve may be procured in various ways, for instance by establishing new, fast-regulating 
thermal capacity, demand response or through new transmission lines. In this study, it is 
assumed that 500 MW single cycle-gas turbines are built if a nuclear production plant is built. 
This corresponds to an investment of 0.25 million € per MW nuclear power. 
 
A rough estimate has been made as follows: 
Additional reserve capacity: 250,000 €/MW in initial investment. With 8000 hours/year over 
50 years, this is equivalent to 0.7 €/MWh. 

Capacity credit 
 
The term capacity credit is used to express the value of generation to the electricity system. 
Basically this is a question of timing: plants which are able to adjust their production accord-
ing to the system demand have a high value, whereas intermittent technologies such as wind 
power would usually have a lower value. 
 
Whereas the system balancing costs express costs of intermittent electricity sources over the 
period from seconds to hours, the capacity credit expresses costs in the longer term and is 
related to the system adequacy. The study by UKERC (UKERC, 2006) uses the term capac-
ity to ensure system reliability “This relates to the capacity that must be built or retained on 
the system with intermittent generation to ensure that a defined measure of reliability of sup-
ply during peak demand is maintained”.  
  
There are several ways to assess the capacity credit of an electricity production technology. 
In a well developed electricity market, the value of the electricity production can be assessed 
as the price a technology may obtain in the electricity market. In the Nordic market, for ex-
ample, there is no separate capacity credit payment, and it can thus be assumed that the 
spot price in the mature electricity market reflects the real value of electricity production (en-
ergy and capacity credit) hour by hour. In other studies, the capacity credit has been as-
sessed in different ways – for instance for wind power, it has been estimated what the extra 
investment will be for sufficient backup capacity for periods without wind. 
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Based on an evaluation of the value of wind power electricity in the market, Ea Energy 
Analyses has estimated the capacity value of wind power to be 2.7 €/MWh. 
 
The UKERC report estimates the costs to maintain system reliability to be 5 – 8 €/MWh un-
der British conditions. IEA (IEA, 2005) refers to the ILEX study and the Green-net study, and 
estimates the capacity costs of wind power to be between 3 and 6.7 €/MWh. 
 
Based on the studies above, the costs related to capacity credit are estimated to be 5 
€/MWh for on shore and off shore wind power in this report. 
 
Solar PV 
It is important to take into consideration the time dependency of the value of PV power. Re-
tail electricity prices vary considerable during the day and year due to variations, primarily in 
power demand. Peak load power is more costly than base load power, because the peak 
load power plants only run for a limited number of hours each year, thereby raising their 
capital costs. 
 
Meyer and Luther (2004) has analysed the value of PV power using price information from 
2001 from the German (EEX) and Dutch (APX) power exchanges. They show that electricity 
prices that PV producers observe in the market are on average 1.17 times higher than aver-
age electricity prices in Germany and 1.63 times higher on the Netherlands.  They explain 
the large difference between the markets by the higher volatility of the smaller market at 
APX. 
 
Rowland has made a similar analysis for Alberta and Ontario in Canada (Rowland 2005). In 
Alberta the solar-weighted price is 22-63 % higher than the average price of electricity in 
April to September (2002-3), and in the province and in Ontario the similar figures are 7-27 
%. 
 
For more sunny regions than Germany and Canada, where peak demand to a great extent is 
driven by electricity load from air-conditioning, the peak load value from solar power can be 
expected to be higher. 
 
Assuming PV power is on average 25 % more worth than average power prices, and assum-
ing an average price level of 40 €/MWh, the added benefit of PV is 10 €/MWh. This is proba-
bly a conservative estimate. 
 
Wave power and Hydro run-of-river 
These two technologies have the same characteristics as wind power in that they are inter-
mittent and do not always produce power when the demand is high. In this report the costs 
for capacity credit have been estimated to be the same as for wind power, 5 €/MWh. 
 
Nuclear 
As first priority base-load plants nuclear power plants inflict capacity constraints on the sys-
tem and other suppliers (the generation time-profile differs much from the electricity demand 
time-profile). The cost hereof is estimated equivalent to that of wind turbines, 5 €/MWh. 
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Total costs for system integration 
 
The table below summarises the costs for system integration for different technologies. 
 
€/MWh Infrastructure Balancing Capacity 

credit 
Total 

Wind on-shore 2.2 4.0 5.0 11.2

Wind off-shore 8.6 4.0 5.0 17.6

Solar PV - 18.4 4.0 - 10.0 - 24.4

Wave power 8.6 4.0 5.0 17.6

Hydro run-of-river 11.22.2 4.0 5.0 

Nuclear energy 5.70 0.7 5.0 

Table 5.5: Total costs for system integration. 
 

5.4 Local benefits of renewable energy 
 
Local benefits is a broad term covering primarily the employment effects of renewable en-
ergy technology. 
 
For two general reasons, renewable energy technologies are attractive over traditional en-
ergy technologies from an employment perspective:  

(1) they are labour-intensive, so they create more jobs per euro invested, and  
(2) jobs tend to be created in rural areas, countering rural-urban migration.  

 
The value of additional employment to society  varies with trends in the labour markets. It 
can be positive to create jobs, even low value jobs, in periods of high unemployment. On the 
other hand, increasing labour intensive jobs in periods with low unemployment can be dam-
aging to the economy as high value tasks are not performed.   
 
Promotion of job creation in rural areas is practiced in many modern societies as a measure 
to counter rural-urban migration. In particular; rural regions can benefit from the stimulation 
of biomass industries to halt the decline in jobs. It has been selected to make this the main 
topic related to local benefits. 
 
Definitions 
Employment studies frequently make use of a ‘Full Time equivalent’ or FTE when expressing 
jobs: 1 FTE= 1 job. Unfortunately, many studies express employment merely as ‘jobs’, with-
out specifying whether this means job-years or long term full time jobs.  
 
Jobs created by manufacturing and installing equipment for a particular plant are short-term; 
the people involved are only employed in this task for the period, when the equipment is 
manufactured and installed. Jobs created for fuel supply and O&M are long term; these jobs 
exist for the technical lifetime of the plant. When adding short-term and long-term jobs the 
concept of job years becomes instrumental.  
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Categories of employment impacts 
 
In many economic models, the employment effects of renewable energy projects are catego-
rized as follows.  
 
Impacts on employment: 
+  Direct employment; jobs created at the renewable energy project, i.e. from construction 

and operation and maintenance. 
+  Indirect employment; jobs generated within the supply chain supporting renewable pro-

jects. 
+ Induced employment; jobs generated outside the renewable energy industry from the 

spending of additional wages and profits from both direct and indirect employment. 
-  Job losses, owing to displacements in the traditional energy sector  
-  Job losses, owing to support mechanisms, which result in lower spending elsewhere in 

the economy (knock-on effects) 
 
Assigning monetary values to these employment effects is often done (explicitly or implicitly) 
by assessing changes in total wages. These models thus attribute a value to jobs based on 
salaries. No preference is given to job creation in rural areas for instance. In some cases, the 
stimulation of rural employment in models will yield negative economic results, as rural 
wages are generally lower than urban wages. For this reason, it is difficult to derive a gener-
alized formulation for calculating value of rural job creation using methods such as input-
output models or other economic rationality based methods.  
 
Rural job creation is more of a social/political goal, than an economic goal. Therefore, the 
interesting measure is how much society is willing to pay for the less tangible benefits of 
rural job creation from renewable technologies.   
 
A value for local benefits 
In this study, local benefits are attributed only on the bases of rural employment effects. Em-
ployment effects in general are disregarded.  
To derive a value, the alternative cost method is employed. This encompasses an assess-
ment of cost-effectiveness of alternative rural job creation policies. 
 
There are three key variables necessary to calculate the value of local jobs in this manner: 

1. What is the gross local employment per MW generated by the RE investment (in-
cluding direct, indirect and induced employment)? 

2. Which fraction of created local jobs is created at the expense of other local jobs 
(displacements and support mechanisms)? 

3. What is society’s willingness-to-pay for local job creation? 
  

Values for these three variables are derived in the following by survey of publications. 

Direct and indirect employment 
 
Research conducted by EPRI (Electrical Power Research Institute, California), has assessed 
the direct employment of various RE technologies per MW of RE capacity (ref. 38):  
 

Wind Geothermal Solar PV Biomass
Construction job-years 2.57 4.00 7.14 3.71
O&M jobs 0.29 1.67 0.12 2.28  
Table 5.6: Employment effects of renewables according to the EPRI (2001) study 
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Assuming technical lifetimes of 20 years for wind and biomass and 30 for photovoltaics and 
geothermal, the number of job years created for each technology is calculated in the table 
below:  
 
Job creation  
(job-years) 

Wind Geothermal Solar PV Biomass

Construction 2.57 4.00 7.14 3.71
O & M 5.8 50.1 3.6 45.6
Total 8.37 54.1 10.74 49.31
Table 5.7: Employment effects in job years from according to EPRI research 
 
T. Kjær (2006) has estimated the employment potential of various biomass technologies: 
 

8-10 MW 400 MW
Construction, total FTE 3.1 0.82
Construction, average over lifetime FTE/year 0.15 0.04
O&M FTE/year 2.55 0.43
Fuel FTE/year 7.28 4.04
Total FTE/year 9.98 4.52

Straw/wood CHPEmployment per 1 MW 

 
Table 5.8: Employment effects of biomass according to T. Kjær (ref. 36) 
 
In T.Kjær (ref. 36) the “Fuel” category represents jobs created in the supply chain, i.e. indi-
rect employment.  
 
The small-scale data compare well with those of EPRI. Considering these data, it is reason-
able to assume that small scale plants jobs are created in rural areas for both construction, 
O&M and fuel. Large plants must be assumed located in urban areas, and therefore only fuel 
related jobs are rural jobs. Therefore, the direct rural employment effects of small scale bio-
mass plants are 0.15 + 2.55 = 2.7 FTE/year per MW for small scale and zero for large scale 
plants. 
 
For indirect employment 7.28 job-years are used for small scale plants and 4.04 job-years 
per MW for large scale, all representing fuel production in the supply chain.   
 
For small scale plants this gives a ratio of 7.28 / 2.7 = 2.7 between indirect and direct em-
ployment. This compares fairly well with other studies. In 1999, the U.S. solar industries di-
rectly employed nearly 20,000 people and supported more than 150,000 indirect jobs (ref. 
39), indicating a factor of 7.5 indirect jobs to 1 direct job in the solar industries.  Empirical 
evidence from the Danish market indicates that 4.1 indirect jobs are created for every direct 
job in the wind industry.  The European Wind Energy Association uses a multiplier of 3 indi-
rect to direct jobs.   
 
For the electrical generation technologies, this study will use 3 as the conservative multiplier 
for indicating the number of indirect jobs. 

Induced employment 
 
DTI (ref. 44) estimated the induced employment to be 0.25, i.e. 0.25 jobs in the wider econ-
omy are supported by each job in the renewable industry. This value is used as RECaBS 
default value. 
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Job losses 
 
Ascertaining the fraction of jobs generated which are lost in other sectors is a highly uncer-
tain issue. A MITRE study (ref. 40) estimated the negative impacts on the economy (job 
losses owing to displacements in the traditional energy sector and to support mecha-
nisms) for each of the EU-15 countries. The study considered two scenarios; the Current 
Policies scenario, which involves a mixture of current and expected policies, and the Ad-
vanced Renewable Strategy, which is based on best practices and proactive polices. 
 
The MITRE project cites two categories of jobs lost in the traditional energy sector as a result 
of jobs created in the renewable industry. 
 

• Conventional displacements are jobs lost in other sectors where product demand is 
reduced. This could be as a result of lower demand for output from coal power plants 
and coal mines.   

• Support mechanisms strain public budgets, leading to a decrease in consumption as 
a whole, which in turn have a negative impact on employment.    

 
Ignoring Luxembourg, where the numbers are too small for statistical analysis, the results 
are: 

Min Max Average
Current policies 2010

Displacement as % of direct +indirect 0 12.1 3.1
Support as % of direct +indirect 0 9.2 2.8

Current policies 2020
Displacement as % of direct +indirect 0 14.1 2.6
Support as % of direct +indirect 0 7.1 2.3

Advanced renewable strategy 2010
Displacement as % of direct +indirect 1.5 13.1 3.0
Support as % of direct +indirect 2.4 33.3 13.4

Advanced renewable strategy 2020
Displacement as % of direct +indirect 0.7 11.7 2.6
Support as % of direct +indirect 1.3 18.0 8.8  

Table 5.9: Displacements in other sectors 
 
On this background, the current study has chosen the following standard employment reduc-
tions, assuming increasingly proactive policies: 

2010 2025
Displacement as % of direct +indirect 3.0 2.6
Support as % of direct +indirect 6.0 6.0  

Table 5.10: Displacements summarised 
 
For simplicity it is assumed that 9% is sufficiently accurate for 2010 and 2025. Of these, it is 
undetermined which jobs are in rural areas and which are in urban areas. We assume that 
displacements from direct or indirect created rural jobs are lost in rural areas. 
  
Society’s willingness-to-pay for local job creation 
The alternative costs are derived by surveying cost effectiveness of job creation schemes for 
rural areas.  
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Two main studies are considered:  
 

• Moos (ref. 42) is the evaluation report for an umbrella of rural job creation pro-
grammes in Denmark from 1994-1999.  

• Roy et al (ref. 43) is an evaluation report of 25 years of Canadian direct job creation 
programs.  

 
These studies have been selected, since they present concrete figures for cost-to-jobs cre-
ated, and because they are broad studies of long term efforts with respect to job creation. 
 
The cost-to-jobs ratio differs from project to project. In Moos (ref. 42), the collection of pro-
jects averaged 17,000 Euros per job (140,000 DKR89). Roy et al (ref. 43) averaged ap-
proximately 9,900 Euro/job (9,400 USD98). Of the two studies, only Moos has direct empha-
sis on programmes for rural job creation, therefore this study is attributed double weight.  
 
Society’s willingness to pay for creating local jobs is estimated to equal approximately 
14.600 Euros/job for sustained employment.  
 
The term “sustained employment” is hard to translate into job-years. It could in theory reflect 
lifelong employment or create a task with indefinite duration. It is assumed that sustained 
employment implies that the jobs created have an average duration of 5 years. Therefore, 
the social willingness-to-pay in terms of job-years becomes 2.920 Euros/job-year. 

Results 
 
Having quantified the three necessary variables, a value for local benefits is calculated in the 
following. Based on the gross job creation numbers from T. Kjær (2006), the local benefits of 
biomass fired generation is: 
 
 Straw/wood CHP 
Job-years 8-10 MW 400 MW 
Direct employment created 2.7  
Indirect employment (fuel) 7.28 4.04
Induced employment (other sectors) x 0.25 2.50 1.01
Gross jobs created 12.48 5.05
Job losses, owing to displacements (3%) 1.20 0.48
Job losses, owing to support mechanisms (6%) 2.40 0.97
Net local jobs created 8.88 3.60
Willingness to pay for local jobs € 2,920 € 2,920
Savings in alternative job creation costs per MW € 25,915 € 10,512
Plant equivalent full load hours 6000 6000
Value of additional rural employment per MWh € 4.32 € 1.75
Table 5.11: Local benefits of biomass generation  
 
It is selected to attribute a value of zero to all other technologies, as there is no reason why 
jobs created will be in rural areas for other RE technologies.   
 
It is important to note that the robustness of this result is very low. There are strong argu-
ments to attribute no value to rural employment. Also, the value reflects the cost of job crea-
tion in the countries (Denmark and Canada) which were represented in the studies, and 
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these costs may be different in other countries.They will most likely be lower in countries with 
lower wages and less direct employment creation policies.  
 
Another drawback of the methodology applied is that it relies on data from various sources, 
which cannot be assumed to be consistent. 
 
However, this memo presents a simple formula for calculating local benefits in terms of rural 
job creation, which can be easily recalculated with one’s own data. By attributing a value to 
local jobs in one’s own area, a relevant local estimate of jobs created per installed MW, and 
an estimate of displacement in other sectors, one can calculate a value which is relevant to a 
specific region in minutes. 
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6 The web-tool REcalculator 
 
A key outcome of the RECaBS project is the web-based interactive energy calculator coined 
the REcalculator: http://www.iea-retd.org/. In this website users can easily do their own eco-
nomic comparisons of renewable electricity generating technologies and traditional tech-
nologies based on well documented data. The REcalculator allows the user to adjust key 
parameters for the comparison of different technologies such as fuel prices, interest rate and 
specific technology data. 
 
The REcalculator is not the only tool for economic assessment of renewable energy tech-
nologies found in public domains. One recognised tool is RETScreen.18 Nowadays, this tool 
has more than 100,000 registered users from over 200 countries. The main differentiations 
between RETScreen and REcalculator are shown below: 
 

RETScreen REcalculator 
Financial analysis tool to assess feasibility 
of projects. 

Socio-economic tool to assess technologies 
for policy purposes. 

Evaluates one project relative to a base 
case. 

Compares multiple technologies. 

Only clean technologies: Renewable en-
ergy, combined heat and power produc-
tion, and energy efficiency. 

Only electricity generating technologies; 
renewable and non-renewable. 

The user must insert financial data (e.g. 
investment cost, technical lifetime, O&M 
costs, capacity factor). 
Technical data are selected from a built-in 
product database (e.g. a huge amount of 
wind turbine models from 25 specific 
manufacturers). 

All economic and technical data are sup-
plied as default values by the tool. Data rely 
on internationally respected sources. Thus, 
the user does not need to consider input 
data, but may alter key default values.  

Data are product-specific (make and 
model) and site-specific (local climatic 
conditions). 

Data are generic, e.g. one value for the 
average O&M costs of on-shore wind tur-
bines in 2010. 

Historic/current data Planning/future data 
Externalities are not included; although 
income from GHG reduction is included. 

Default economic values for most essential 
externalities are available and it takes sys-
tem integration into account. 

Downloadable tool Interactive web-based tool 
 
The RECaBS web-site has two main sections: 
 

o The REcalculator itself, where calculations are made interactively. 
o The Downloads section, which allows the user to download all information developed 

by the project, i.e. technology descriptions, descriptions of externalities and general 
documents. 

 
A brief User’s Guide is also available. This Guide is attached as Annex B. 

                                                      
18 www.retscreen.net

 47

http://workshop.energy-calculator.org/
http://www.retscreen.net/


 

 
For presentation purposes it has been decided to allow no more than 5 technologies in the 
REcalculator in one calculation. More technologies will make the graphics less user-friendly 
(difficult to read on a computer screen). 
 
Figure 6.1 shows one result, including all externalities: Calculation exam-

ple  

 
 
Figure 6.1: An example of a REcalculator result using ‘Graph details’. 
 
In this case, the large biomass CHP has a cost element, which is negative, i.e. the local 
benefits (increased employment in rural areas). To arrive at the net generating costs, the 
negative element shall be deducted from the positive elements. Graphically, this is done by 
choosing the view ‘Graph Total’: 
 

 
 
Figure 6.2: Same results as in the figure above, but presented in ‘Graph Total’ View. 
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The total generating costs of the large biomass CHP in 2010 is 50 €/MWh, equal to the sum 
of positive elements (60,08 €/MWh) minus the negative element (1.75 €/MWh) in the col-
oured figure above. 
 
If you want to see the exact numbers behind the figure, place the cursor on the particular 
place in the figure or click ‘Data view’: 
 

 
 
Figure 6.3: The same results as above, presented in ‘Data view’, for 2010. 
 
The data view has two sub-views, 2010 and 2025. To change to 2025 data, click the tab 
‘2025’ in the upper left corner. 
 
At the main screen, you can change fuel prices and the discount rate. By clicking the icons at 
the right end of the ’Fuel price’ and ’Discount rate’ bars, you can read about these parame-
ters and also change the values. 

Fuel prices and 
discount rate 

 
At the left bottom corner of the main screen you may select which externalities to include in 
your calculation. All externalities are included, when the calculation begins. 

Economic value of 
externalities 

 
Externalities are selected/deselected by clicking  (  v   ) or by clicking the equivalent fields 
above the graph. 
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7 Results from economic calculations 
 
There is almost no end to which calculations can be made with REcalculator. This chapter 
presents the main results under three headings: 
 

1. A comparison of basic generation cost, excluding externalities, for the 15 technolo-
gies included in the present project. 

2. Total generation costs including externalities 
3. Sensitivity analyses for five key technologies 

 
The comparisons include an identification of changes in generation costs up to 2025 looking 
at technology and market developments. 
 

7.1 Basic generation costs (ignoring externalities) 
Basic generation costs before including externalities are shown in table 7.1. The basic costs 
consist of capital costs (investment in the power plant), fuel costs, operation and mainte-
nance and possible income from sale of district heating from CHP plants. Income from the 
sale of heat figures as a negative cost. 
 

 50



 

2010
Captital costs Fuel costs O&M costs Income DH Net total costs

Onshore wind 28.89 0 8.00 0 36.89
Offshore wind 30.57 0 10.24 0 40.81
PV 223.03 0 34.29 0 257.32
Solar thermal 35.48 31.55 10.00 0 77.02
Biomass, 100% 17.41 37.29 8.18 -4.72 58.15
Biomass, 20% 15.90 16.23 7.86 -4.72 35.27
Biomass, gasifier 47.05 42.63 30.33 -17.24 102.77
Biogas 53.50 0 28.00 -11.59 69.90
MSW incineration 72.22 -120.50 60.14 -21.42 -9.56
Small hydro 24.43 0 8.33 0 32.76
Wave power 55.40 0 14.00 0 69.40
Coal CHP 16.24 13.74 5.25 -4.72 30.51
Coal, power only 15.18 12.83 5.03 0 33.05
Coal CHP + CCS 16.24 17.93 45.25 -4.72 74.70
Gas CC 6.14 35.46 3.86 -3.05 42.42
Nuclear 16.87 5.00 9.21 0 31.08
2025

Captital costs Fuel costs O&M costs Income DH Net total costs
Onshore wind 24.69 0 5.77 0 30.46
Offshore wind 26.75 0 8.29 0 35.03
PV 111.52 0 17.14 0 128.66
Solar thermal 26.61 32.54 8.33 0 67.48
Biomass, 100% 17.41 35.75 8.18 -5.90 55.44
Biomass, 20% 15.90 16.11 7.86 -5.90 33.97
Biomass, gasifier 34.77 39.51 25.50 -19.05 80.73
Biogas 46.81 0 28.00 -14.49 60.32
MSW incineration 66.49 -110.77 55.14 -24.58 -13.72
Small hydro 22.39 0 8.33 0 30.73
Wave power 35.11 0 7.00 0 42.11
Coal CHP 16.24 14.05 5.25 -5.90 29.64
Coal, power only 15.18 13.13 5.03 0 33.34
Coal CHP + CCS 16.24 16.23 29.25 -5.90 55.82
Gas CC 5.65 36.12 3.86 -3.66 41.97
Nuclear 16.87 7.00 9.21 0 33.08  
 
Table 7.1: Levelised lifetime electricity costs (net) for the analysed technologies (in EUR/MWh). 
Possible income from selling district heat is deducted from the gross generation costs. Dis-
count rate: 5 % per year19. CCS: Carbon Capture and Storage. MSC: Municipal solid waste. PV: 
Solar Photovoltaic. Fuel prices are based on IEA WEO 2006 (ref. 56) 
 
Today (2010), the cheapest sources of electricity generation are coal power (condensing 
power and CHP), small-scale hydro and nuclear power20. Their generation cost is approxi-
mately or just above 30 €/MWh. On-and off-shore wind and biomass co-firing cost in the 
range of 35-40 €/MWh and gas power just above 40 €/MWh. Other biomass technologies, 
solar technologies, wave power and coal power with CCS are still noticeably more expen-
sive. 
 

                                                      
19 Note, it is not yet possible to produce such a table in REcalculator where the number of technologies in one 
comparison is limited to five. 
20 In fact, municipal solid waste has the lowest generation costs – negative costs of app. 10 €/MWH. This is 
because a negative fuel price has been applied for MSW corresponding to the costs of alternative waste han-
dling options. These costs, however, are very country/site specific.  
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The costs of renewable energy technologies depend much on the available renewable en-
ergy sources. The REcalculator assumes a capacity factor of app. 16 % (1400 full-load hours 
p.a.) for solar PV, corresponding to a location in Italy, Spain or Portugal. Location in more 
sunny regions would improve the economy and vice versa. Similarly, for on-shore wind 
power a capacity factor of 28.5 % (2500 full load hours) is assumed in 2010 and 29.6 % in 
2025 (2600 full load hours). The number of full-load hours is also very site-specific for wind 
power. 
 
In 2025 the cost of several of the renewable energy technologies are expected to decline 
significantly due to economies of scale and technology learning processes. The cost of pro-
ducing power from gas, coal and nuclear, on the other hand, are expected to remain more or 
less unchanged.  Thus, in 2025 a range of technologies are almost equally competitive cost-
ing app. 30-35 €/MWh. These include on- and off-shore wind power, biomass co-firing, 
small-scale hydro, coal power (CHP as well as condensing plants) and nuclear power. 
 
With a cost just above 40 €/MWh wave power is expected to become competitive with gas 
power in 2025. The cost of solar thermal and particularly solar PV are also assumed to de-
crease significantly up to 2025, but the generation costs of these technologies are still 2-4 
times higher than the most competitive RE technologies: wind power and small-scale hydro.  
 

7.2 Generation costs including externalities 
 
Table 7.2 shows total costs for all technologies, i.e. when externalities are included in the 
economic equation.  
 
Adding externalities raises the cost of the most competitive technologies from a level around 
30 €/MWh today to more than 40 €/MWh. The most significant externalities are the CO2 
costs pertaining to fossil fuel technologies and the system costs applying to several of the 
renewable energy technologies. When you apply a CO2 price of 20 €/ton, REcalculator de-
fault value, the cost of producing power from coal is increased by 15 €/MWh (app. 50 %) and 
for gas power by almost 7 €/MWh (20 %). Wind power, on the other hand, has a system cost 
element of 11 €/MWh for on-shore wind and 18 €/MWh for off-shore wind. The difference 
between on- and off-shore wind is explained by the higher infrastructure costs of connecting 
off-shore wind to the overall grid. 
 
Except for municipal solid waste, which is a special case, nuclear power has the lowest total 
cost of all technologies in 2010, when externalities are included. The competiveness of nu-
clear power is enhanced compared to a situation, where externalities are not included. For 
nuclear power, a system cost element of app. 6 €/MWh is included, representing increased 
needs for reserves and a low capacity credit due to inflexibility, plus 4 €/MWh environmental 
costs. For comparison, the externality costs of coal power sum to almost 20 €/MWh. It should 
be emphasized, however, that whereas the nuclear system costs can be assessed with a 
fairly high degree of certainty, the environmental costs of nuclear power are very difficult to 
quantify. 
 
In the mid-term future (2025), small-scale hydro and on-shore wind power are expected to 
become more competitive than nuclear because these technologies are developed further.
 
Several other noteworthy observations can be deducted from table 7.1: 
 
Today (2010):
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A. Including externalities in calculations have some impacts on the competitiveness, 
though these are not substantial. When environmental costs (air pollution and CO2) 
are included, both onshore and offshore wind become cheaper than coal.  

B. The costs of CO2, air pollution and fuel security to fossil fuel technologies are to 
some extent balanced by the system costs of renewable energy technologies. 

 
Mid-term future (2025) 

A. In the 2025 biomass co-firing is expected to become economically competitive with 
coal power (without CHP).  

B. The following technologies will experience a more than 20% reduction in total costs 
between 2010 and 2025: Solar PV, biomass gasifier, biogas, MSW incineration, 
wave power, and coal power with CCS. 

C. In spite of increasing fuel prices (IEA WEO 2006 forecast), the costs of producing 
power from conventional coal and gas power plants are assumed to remain almost 
constant. This is due to expected improvements in the electric efficiency of power 
plants.  

 
The reason why ‘Coal CHP’ has higher CO2 and pollution costs per MWh-e than ‘Coal, 
power only’ is that the total costs are equal, while the electricity generation in CHP mode is 
somewhat less than in power-only mode. When comparing coal condensing power and coal 
CHP, the CO2 and pollution benefits from fuels replaced by district heat should in principle be 
included. However, the present version of RECaBS ignores this benefit, due to the generally 
applied principle of stack emissions only.  
 
To illustrate the significance, consider the ‘Coal CHP’ calculation (in 2010). Assuming that 
the produced district heat substitute heat generated from 80% natural gas and 20% coal at a 
thermal efficiency of 80%, the substituted CO2 emission has a value of 2.71 EUR per MWh 
electricity generated by the ‘Coal CHP’ plant. Thus, the CO2 cost in Table 8.1 shall be re-
duced from 15.45 EUR/MWh to 12.74 EUR/MWh, and hence ‘Coal CHP’ becomes more 
attractive than ‘Coal, power only’. Table 7.3 shows the consequence of including the CO2 
benefit of district heating for all technologies capable of producing district heat. 
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CO2 Pollution System Jobs
Onshore wind 28.89 0 8.00 0 36.89 0 0 11.20 0 48.09
Offshore wind 30.57 0 10.24 0 40.81 0 0 17.60 0 58.41
Solar PV 223.03 0 34.29 0 257.32 0 0 -24.40 0 232.92
Solar thermal 35.48 31.55 10.00 0 77.02 6.22 0.35 3.50 87.09
Biomass, 100% 17.41 37.29 8.18 -4.72 58.15 0 1.94 0 0 -1.75 58.34
Biomass, 20% 15.90 16.23 7.86 -4.72 35.27 11.54 1.72 0 1.80 -0.35 49.98
Biomass, gasifier 47.05 42.63 30.33 -17.24 102.77 0 3.86 0 0 -4.32 102.32
Biogas 53.50 0 28.00 -11.59 69.90 -4.95 14.66 0 0 79.61
MSW incineration 72.22 -120.50 60.14 -21.42 -9.56 12.05 6.64 0 0 9.13
Small hydro 24.43 0 8.33 0 32.76 0 0 11.2 43.96
Wave power 55.40 0 14.00 0 69.40 0 0 17.6 87.00
Coal CHP 16.24 12.90 5.25 -4.72 29.67 15.46 1.84 0 2.30 49.27
Coal, power only 15.18 12.05 5.03 0 32.26 14.44 1.72 0 2.30 50.72
Coal CHP + CCS 16.24 16.52 45.25 -4.72 73.29 2.96 2.36 2.30 80.91
Gas CC 6.14 35.46 3.86 -3.05 42.42 6.99 0.39 0 7.00 56.80
Nuclear 16.87 6.00 9.21 0 32.08 0 4.00 5.70 41.78

Change  
CO2 Pollution System Jobs 2010-2025

Onshore wind 24.69 0 5.77 0 30.46 0 0 11.20 0 41.66 -13.4%
Offshore wind 26.75 0 8.29 0 35.03 0 0 17.60 0 52.63 -9.9%
Solar PV 111.52 0 17.14 0 128.66 0 0 -24.40 0 104.26 -55.2%
Solar thermal 26.61 32.54 8.33 0 67.48 6.15 0.34 3.50 77.47 -11.0%
Biomass, 100% 17.41 35.75 8.18 -5.90 55.44 0 1.86 0 0 -1.75 55.55 -4.8%
Biomass, 20% 15.90 16.11 7.86 -5.90 33.97 11.02 1.64 0 1.80 -0.35 48.08 -3.8%
Biomass, gasifier 34.77 39.51 25.50 -19.05 80.73 0 3.58 0 0 -4.32 79.99 -21.8%
Biogas 46.81 0 28.00 -14.49 60.32 -4.95 3.67 0 0 59.04 -25.8%
MSW incineration 66.49 -110.77 55.14 -24.58 -13.72 11.08 6.10 0 0 3.46 -62.1%
Small hydro 22.39 0 8.33 0 30.73 0 0 11.2 41.93 -4.6%
Wave power 35.11 0 7.00 0 42.11 0 0 18 59.71 -31.4%
Coal CHP 16.24 12.97 5.25 -5.90 28.56 14.57 1.73 0 2.30 47.16 -4.3%
Coal, power only 15.18 12.12 5.03 0 32.33 13.61 1.62 0 2.30 49.86 -1.7%
Coal CHP + CCS 16.24 14.80 29.25 -5.90 54.39 2.49 1.98 2.30 61.16 -24.4%
Gas CC 5.65 36.12 3.86 -3.66 41.97 6.82 0.38 0 7.00 56.17 -1.1%
Nuclear 16.87 8.00 9.21 0 34.08 0 4.00 5.70 43.78 4.8%

2010

2025

Total 
costs

Total 
costs

Fuel 
security

Fuel 
security

Net basic 
costs

Net basic 
costs

Capital 
costs

Capital 
costs

Fuel 
costs

Fuel 
costs

Income 
DH

Income 
DH

O&M 
costs

O&M 
costs

 

21 Note: The solar thermal power plant is equipped with natural gas back-up. This explains its costs related to environment and security of supply.  

 
Table 7.2: Levelised life-time cost of generation (EUR/MWh) 21.

                                                      



 

  

CO2
Onshore wind 36.89 0 42.69
Offshore wind 40.81 0 50.81
Solar PV 257.32 0 229.92
Solar thermal 77.02 6.22 87.09
Biomass, 100% 58.15 -2.71 55.63
Biomass, 20% 35.27 8.83 47.27
Biomass, gasifier 102.77 -9.91 92.40
Biogas 69.90 -11.61 72.95
MSW incineration -9.56 -0.27 -3.19
Small hydro 32.76 0 32.76
Wave power 69.40 0 69.40
Coal CHP 29.67 12.74 46.55
Coal, power only 32.26 14.44 50.72
Coal CHP + CCS 73.29 0.25 78.20
Gas CC 42.42 5.24 55.04
Nuclear 32.08 0 39.76

Total 
costs

Net basic 
costs

2010

 
 
Table 7.3: Levelised life-time cost of generation (EUR/MWh), including the CO2 benefit of district 
heating. 
 

Externalities 
Below follows a brief description of each of the five categories of externalities included in 
RECABs and their impact on the results. 
 
The most important externality for fossil fuels is the cost of CO2 abatement. With a CO2 price 
of EUR 20 €/tonne, the cost of coal generated electricity increases by 50% (app. 15 €/MWh).  
Also the costs of gas power generation are affected, though significantly less – app. 16 % - 
due to the lower carbon content of gas and the higher electric efficiency of new combined 
cycle gas power plants. 

Climate change 

 
Air pollution only has minor influence on large scale technologies due to the technology and 
regulatory development in NOx and SO2 reduction. For a best available coal power technol-
ogy as assumed in REcabs the costs of air pollution are app. 2 €/MWh. Small scale tech-
nologies like biogas used in an internal combustion engine suffers heavily from relatively 
high NOx emission. However, it is expected that deployment of catalytic devices will reduce 
this substantially in the future. 

Air pollution 

 
System integration The costs of integrating electricity generation technologies into the electricity system are 

described in paragraph 5.3. The following system integration costs elements are included: 
 

o Additional infrastructure 
o Balancing/reserves 
o Capacity credit 

 
For renewable energy technologies like wind, wave and hydro power, system integration 
constitutes a significant cost element compared to their basic generation costs. This is due to 
two circumstances: 
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1) That these generation facilities are often located remotely in order to exploit the best 
available renewable energy potentials. This leads to increased infrastructure costs 
as power must be transmitted to the major consumption centres.  

2) The fluctuating production pattern results in a lower capacity credit and increased 
needs for balancing. 

 
Solar PV has a negative system cost element because solar plants produce power locally, 
thereby reducing the demand for grid upgrades, and because their diurnal generation profile 
fits well with the demand for electricity in warm climates. 
 
A number of studies have shown that fluctuating oil prices may reduce economic growth for 
example through raising inflation and unemployment. A major economic advantage of re-
newable energy is its price stability and the hedge it provides against price risks. Therefore, 
increased deployment of renewable energy or other initiatives, which contribute to reducing 
the dependency on fossil fuels, will reduce economic losses due to price fluctuations. 

Fuel security 

 
An externality cost of 7 EUR/MWh has been added to gas power generation. For coal power, 
the externality cost is estimated to one third of gas power (i.e. 2.3 EUR/MWh). 
 
‘Local benefits’ is a broad term covering primarily the employment impacts of renewable 
energy. The local benefits are described in paragraph 5.4. 

Local benefits 

 
In this study, local benefits are attributed only on the basis of rural employment effects. Em-
ployment effects in general are disregarded. Rural job creation is more of a social/political 
goal, than an economic goal. Therefore, the interesting measure is how much society is will-
ing to pay for the less tangible benefits of rural job creation from renewable technologies.   
 
For the small scale biomass facilities the value of additional rural employment is estimated at 
just above 4 € per MWh and for large-scale biomass just below 2 €/MWh. This assumes that 
society’s willingness to pay for creating local jobs is estimated to equal approximately 14.600 
Euros/job for sustained employment. It is selected to attribute a value of zero to all other 
technologies, as there is no reason, why jobs created will be in rural areas for other RE 
technologies.   
 
In the current version of the REcalculator, the user cannot insert own assumptions on the 
economic value of local benefits. Selecting between including or excluding the benefits is the 
only option. The reason for this is that the project has assessed that substantial work and 
deliberations are still needed to produce sufficiently professional estimates.  
 

7.3 Sensitivity analyses for five key technologies 
This section presents sensitivity analyses for five key technologies:  On-shore wind power, 
solar PV, large scale biomass, coal (power only) and gas CC CHP.  
 
The impacts of the following four key parameters are assessed: 

• Discount rate 
• Fuel prices 
• Carbon price 
• Cost of air-pollution 

 
Using REcalculator, one can easily reproduce the analyses and perform similar analyses for 
other technologies. 
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Figure 7.1 (using REcalculator “Graph details”) shows the five technologies’ levelised life-
time cost of generation under reference conditions. On-shore wind has the lowest cost, today 
as well as in 2025, followed by coal power, gas CC CHP, large-scale biomass and solar PV.  
 

 
 
Figure 7.1: The levelised life-time cost of generation for on-shore wind, coal power, gas CC 
CHP, large-scale biomass and solar PV (using REcalculator reference conditions) 
 
The choice of discount rate has significant impact on the capital costs of power plants.  5 % 
is set as the reference socio-economic discount rate, cf. section 3.2. Choosing a lower dis-
count rate of for example 3 % will favour technologies with high upfront costs, such as wind, 
wave and solar power. Gas power, on the other hand, will benefit from a high discount rate 
compared to competing technologies. 

Discount rate 

 
Generally, from society’s point of view technologies with relatively high capital costs and low 
fuel costs are more competitive than in the market place due to the lower interest rate (the 
socio-economic discount rate is typically in the order of 5%, whereas a financial interest rate 
often is in the order of 10-15%).  
 
Table 7.4 compares the costs of the five selected technologies in 2010 applying discount 
rates of 3, 5 and 10 % respectively. 
 
With the low discount rate of 3 %, wind power is the cheapest generation technology by a 
margin of 4 €/MWh to coal power and 12 €/MWh to gas power. At a 10 % discount rate coal, 
as well as gas power, outdo wind by 1 €/MWh. Solar PV is not competitive in any case, but 
the figures show how sensitive the technology is to the choice of discount rate. At 3 % dis-
count rate the total costs of solar PV is 185 €/MWh and at 10 % 374 €/MWh. 
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Onshore wind 32.20 43.40 36.89 48.09 50.29 61.49
Solar PV 209.21 184.81 257.32 232.92 397.99 373.59
Biomass, 100% 54.40 54.59 58.15 58.34 69.13 69.32
Coal, power only 28.99 47.45 32.26 50.72 41.83 60.30
Gas CC 41.25 55.63 42.42 56.80 45.81 60.19

Total 
costs

Net basic 
costs

Total 
costs

Discount rate 3% Discount rate 5% Discount rate 10%
Net basic 

costs
Total 
costs

Net basic 
costs

2010

 
 
Table 7.4: Levelised energy costs using 3%, 5%, and 10 % discount rates.  
 
Oil and gas prices have historically proven to be highly volatile. The REcalculator default 
fossil fuel prices are based on the projections in the IEA World Energy Outlook. To test the 
impact of higher fuel prices on generation costs let us – as an example – assume an in-
crease in gas prices of 20 % (6.83 €/GJ in 2010) and 80 % (10.69 €/GJ in 2025), while coal 
becomes 20 % more expensive in both 2010 (1.97 €/GJ) and 2025 (2.10 €/GJ). All other 
prices remain unchanged. 

Impacts of other 
fuel prices 

 

 
 
Figure 7.2: Gas prices: 5.64 / 5.94 €/GJ                  Gas prices: 6.83 / 10.69 €/GJ 
                    Coal: 1.64 / 1.75 €/GJ                            Coal: 1.97 / 2.10 €/GJ. 
 
The results appear from figure 7.2 (shown as ‘graph totals’ with REcalculator). The graphs 
show that the impact is greatest for natural gas. Gas goes from being close to competitive 
with coal power and on par with large-scale biomass to being significantly more expensive 
than coal and more expensive than biomass. This is particularly the case in 2025 where we 
examine the largest increase in gas prices. On-shore wind power is already the most com-
petitive of the five technologies and this relation becomes clearer when fossil prices in-
crease.  
 
The REcalculator uses 20 €/tonne-CO2 as default value for the economic consequences of 
climate change. It is suggested to use 40 €/tonne-CO2 for sensitivity analyses, but the user 
may choose any value (click the red bar ‘CO2’ under ‘Other costs’). Table 7.5 shows the 
results from using a CO2 price of 40 €/tonne. The table can be compared with Table 7.2, the 
only difference being the CO2-price and the amount of data displayed. 

Climate change 
costs 
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Not surprisingly, higher economic consequences of climate change favour renewable energy 
and nuclear energy. But also biomass co-firing, MSW incineration and to some extent solar 
thermal power are punished by higher CO2 prices.  
 

CO2
Onshore wind 28.89 36.89 0 42.69
Offshore wind 30.57 40.81 0 50.81
Solar PV 223.03 257.32 0 229.92
Solar thermal 35.48 77.02 12.44 93.31
Biomass, 100% 17.41 58.15 0 58.34
Biomass, 20% 15.90 35.27 23.08 61.52
Biomass, gasifier 47.05 102.77 0 102.32
Biogas 53.50 69.90 -9.89 74.67
MSW incineration 72.22 -9.56 24.10 21.18
Small hydro 24.43 32.76 0 32.76
Wave power 55.40 69.40 0 69.40
Coal CHP 16.24 29.67 30.92 64.72
Coal, power only 15.18 32.26 28.89 65.17
Coal CHP + CCS 16.24 73.29 5.92 83.87
Gas CC 6.14 42.42 13.99 63.79
Nuclear 16.87 32.08 0 39.76

2010 Total 
costs

Net basic 
costs

Captital 
costs

 
 
Table 7.5: Levelised life-time cost of generation (EUR/MWh), with a CO2 cost of 40 €/tonne. 
 
As explained in paragraph 4.1, RECaBS has chosen a conservative estimate (low cost) for 
the economic consequences of air pollution (SOx, NOx and particles), i.e. the Value of Life 
Years Lost (VLYL). 

Air pollution 

 
Of the five selected technologies biomass and coal power have the highest air pollution 
costs – just below 2 €/MWh – and for gas 0.4 €/MWh. Wind, solar and nuclear do not hold 
any air pollution costs as only stack-emissions are assessed in Recabs.  However, the user 
may also opt for a higher estimate, using the methodology of the Value of Statistical Life 
(VSL). In this case the air pollution costs of coal and biomass are just above 5 €/MWh and 
for gas power just above 1 €/MWh.
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Figure 7.3 shows the five technologies with the highest environmental costs in 2010, using 
default values only (a) and using VSL instead of VLYL (b). The figure shows basic costs and 
environmental costs only (other externalities have been removed). 
 
 

 
 
Figure 7.3:   (a) Low env. costs (VLYL)                        (b) High env. costs (VSL) 
Please note that REcalculator automatically changes the X-axis to best fit the computer screen, so here the 
two X-axes differ. 
 
The reason for biogas having so high environmental costs is the emission of NOx from the 
engines. 
 
Finally, table 7.6 shows the result of assuming both high fuel prices (as in figure 8.4) and 
high CO2 costs (40 instead of 20 €/tonne-CO2). The table may be compared with table 8.1.  

Best case for re-
newables 

 
These changes obviously improve the economic attractiveness of renewable energy, al-
though some renewable energy technologies also become more costly than in the reference 
case, i.e. solar thermal (due to natural gas consumption), biomass co-firing (due to coal fir-
ing) and MSW incineration (due to fossil carbon content in waste). 
 
By 2025, all RE technologies, except solar energy and biomass gasifer, have lower genera-
tion costs than fossil fuel technologies. 
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CO2
Onshore wind 36.89 0 42.69
Offshore wind 40.81 0 50.81
Solar PV 257.32 0 229.92
Solar thermal 83.34 12.44 99.63
Biomass, 100% 58.15 0 50.09
Biomass, 20% 37.21 23 61.81
Biomass, gasifier 102.77 0 96.64
Biogas 69.90 -10 74.67
MSW incineration -9.56 24.10 21.18
Small hydro 32.76 0 32.76
Wave power 69.40 0 69.40
Coal CHP 33.27 32.93 70.46
Coal, power only 35.63 30.77 70.53
Coal CHP + CCS 78.30 6.4 89.59
Gas CC 49.52 13.99 70.90
Nuclear 32.08 0 39.76

CO2
Onshore wind 30.46 0 36.26
Offshore wind 35.03 0 45.03
Solar PV 128.66 0 101.26
Solar thermal 93.51 12.29 109.64
Biomass, 100% 55.44 0 47.30
Biomass, 20% 35.93 22 59.40
Biomass, gasifier 80.73 0 74.31
Biogas 60.32 -10 54.09
MSW incineration -13.72 22.15 14.54
Small hydro 30.73 0 30.73
Wave power 42.11 0 42.11
Coal CHP 32.45 31.56 68.19
Coal, power only 35.96 29.49 69.51
Coal CHP + CCS 59.06 5.5 68.98
Gas CC 70.85 13.65 91.88
Nuclear 34.08 0 41.76

2010

2025

Total 
costs

Total 
costs

Net basic 
costs

Net basic 
costs

 
 
Table 7.6: Levelised life-time costs of generation, assuming high fossil fuel prices and high CO2 
costs (See graphs in the next page) 
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Levelised life-time costs of generation, assuming high fossil fuel prices 
and high CO2 costs in 2010
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Figure 7.4: Levelised life-time costs of generation, assuming high fossil fuel prices and high 
CO2 costs in 2010 
 

Levelised life-time costs of generation, assuming high fossil fuel prices 
and high CO2 costs in 2025
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Figure 7.5: Levelised life-time costs of generation, assuming high fossil fuel prices and high 
CO2 costs in 2025 
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8 Subsidies for conventional energy 
 
This chapter will cast light upon the topic of energy subsidies for energy production. It will 
elaborate upon the data presented in a general case considering the EU-15 amount of sub-
sidies to different fuel types including renewables,and followed by a detailed analysis of sub-
sidies in Germany and Canada considering coal and nuclear respectively. The allocation of 
free quotas to new fossil-fuelled plants under the EU emissions trading system is also dis-
cussed in relation to energy subsidies.
 
As it is stipulated in a technical report elaborated by the European Environment Agency 
(2004), Energy Subsidies in the European Union: A brief Overview, it’s “not possible to as-
sess historical support levels which well-established energy sources, such as oil, natural 
gas, and fission-based nuclear power, received during their developmental phases. Such, 
subsidy data are largely unavailable. However, there is some evidence to suggest that the 
infrastructure for mature fuels benefited significantly from support received under state own-
ership. Such support was generally in the form of R&D, capital investment and the subsidisa-
tion of operating costs.”22

 
At the moment the most reliable and updated document at the EU level was elaborated by 
the European Environment Agency in the report Energy Subsidies in the European Union: A 
Brief Overview (ESEU, 2004). Accordingly the ESEU (2004), (ref. 32)  
 
The methodological consideration of taking Germany and Canada as specific cases is based 
on the review of data and literature available. It is a major challenge to get precise figures 
supported with valid sources and accounted bibliographies. There have been some re-
searchers such as Storchmann (2005, ref. 45) studying the cases of subsidies to the coal 
industry in Germany and Martin (2003, ref. 49), who elaborated a report with precise figures 
about Canada’s state aid programme to nuclear power. The rest of the literature consulted is 
outlined in the list of references. 
 
Analysis 
In order to narrow down a definition of energy subsidies, it is necessary to understand that 
government interventions encompass a wide range of regulatory, fiscal, tax, indemnification 
and legal actions that attempt to correct or modify the rights and responsibilities of various 
parties involved within the energy sector. All in all these actions decrease (subsidise) or in-
crease (tax) either energy prices or production costs.23

 
Although regulatory measures have a variety of uses and purposes, it is possible to agree on 
a succinct definition established by the OECD24, which defines subsidy as: ‘any measure 
that keeps prices for consumers below market levels, or for producers above market levels 
or that reduces costs for consumers and producers.’  
 

                                                      
22 European Environment Agency (2004) p. 16. Due to the fact that there is no comprehensive official record 
at hand that confirms the different figures related to energy subsidies in detail, it can be suggested that if an 
analysis of energy subsidies for conventional energy production needs to be followed, the methodology of 
Oosterhuis (2001) and the European Commission (2003) Inventory of public aid granted to different energy sources can 
be recommended.  
23 Koplow, 2004, p. 750 in: Cleveland, C. Encyclopaedia of Energy – Six Volumes 1-6, 2004. Boston University. 
ISBN 0-12-176480-x 
24 Improving the environment through reducing subsidies, OECD Publications, Paris, 1998. 
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This definition is valid as energy subsidies can have a direct impact on price: grants, tax 
exemptions and price controls, while others affect prices or costs indirectly, for instance: 
regulations that place at an angle the market in favour of a particular fuel or government-
sponsored technology research and development.  
 
The argument above can be elaborated further in Table 8.1, where some of the most com-
mon energy subsidies are expressed by different energy policies. 
 

 

 
Table 8.1: Main types of subsidies (ref. 47). 
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The most transparent way of understanding subsidies is to identify those that appear ‘on 
budget’ and those that are ‘off budget’.25  
 

• On-budget subsidies are cash transfers paid directly to industrial producers, con-
sumers and other related bodies, such as research institutes, and appear on national 
balance sheets as government expenditure. Grants may be given to producers, 
mainly to support commercialisation of technology or industry restructuring, and to 
consumers. On-budget subsidies also include low interest or reduced-rate loans, 
administered by government or directly by banks with state interest rate subsidy.  

 
• Off-budget subsidies are typically transfers to energy producers and consumers that 

do not appear on national accounts as government expenditure. They may include 
tax exemptions, credits, deferrals, rebates and other forms of preferential tax treat-
ment. They also may include market access restrictions, regulatory support mecha-
nisms such as feed-in tariffs, border measures, external costs, preferential planning 
consent and access to natural resources. Quantifying off-budget subsidies is com-
plex, in some cases impossible. It often requires that the benefit be calculated on the 
basis of differential treatment between competing fuels, or between the energy sec-
tor and other areas of the economy.  

 
Additionally to this classification it can be added that IEA26 has pointed out an interesting 
discussion: Do un-internalised negative externalities, environmental or otherwise, constitute 
a subsidy? In other words: Is someone who produces or consumes in a way that generates 
social costs, but who does not have to pay for them, in some sense receiving a “subsidy”? 
From a theoretical point-of-view, prices should - in a social-economic optimum - reflect all 
costs and benefits connected with the production and consumption of a good. Nevertheless, 
the RECaBS project distinguishes clearly between subsidies and externalities. 

General case: Energy Subsidies in the European Union 
The European Environment Agency has undertaken a detailed analysis of energy subsidies 
for a single year, 2001 (ref. 32). The review indicates that total ‘on-’ and ‘off-budget’ subsi-
dies (excluding external costs) are estimated to be in the order of 29 billion Euro a year for 
the EU-15.  
 
Table 8.2 shows the on- and off-budget subsidies allocated to primary energy sources. For 
that purpose, subsidies directed to the production and consumption of electricity (EUR 6.7 
billion) was attributed to the fuels used to generate electricity according to their shares in 
production.  
 

 Solid fuel Oil and gas Nuclear Renewables Total 
On-budget > 6.4 > 0.2 > 1.0 > 0.6 > 8.2 
Off-budget > 6.6 > 8.5 > 1.2 > 4.7 > 21.0 
Total > 13.0 > 8.7 > 2.2 > 5.3 > 29.2 

 
Table 8.2: Indicative estimate of the distribution of energy subsidies in the EU-15 in billion 
Euro, 2001 (ref. 32).  
 

                                                      
25 Reforming Environmentally Harmful Subsidies – A Report to the European Commission’s DG Environment, Oosterhuis 
(2007) 
26 World Energy Outlook Insights, Looking at Energy Subsidies: Getting the Prices Right. International Energy 
Agency (IEA), 1999. 
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In general, there is a slight trend in reduction of ‘on-budget’ subsidies in the EU, mainly fol-
lowing processes of deregulation, privatisation and the opening of energy markets to compe-
tition. However, this has been balanced by an increase in ‘off budget’ subsidy support as 
governments have used fiscal measures rather than direct capital grants to support energy 
production and consumption. 
 
The above figures are all minimum estimates. Table 8.3 relates these figures to the total fuel 
consumption of EU-15 in 2001: 
 

Solid fuel Oil and gas Nuclear Renewables
Total subsidy (min), billion EUR 13 8.7 2.2 5.3
Primary energy consumption, PJ 9148 39875 9558 3479
Total subsidy, EUR/GJ 1.42 0.22 0.23 1.52  
 
Table 8.3: The estimated total energy subsidies related to the total primary energy consump-
tion, EU-15 in 200127.  
 
Table 8.3 does not take fuel imports and exports into account (e.g. subsidies to coal produc-
ers outside EU-15 exporting to EU-15). Nevertheless, the table indicates the level of subsi-
dies. Most noteworthy is that subsides to solid fuels are almost equal to the world market 
prices on coal (1.64 and 1.75 EUR/GJ in 2010 and 2025), cf. paragraph 3.5. 

Case: Coal industry in Germany 
 
Germany remains the largest hard coal producer in IEA Europe. Beginning with the coal 
crisis of 1958, the survival of the German hard coal mining sector has been heavily depend-
ent on subsidies for several decades. These subsidies have been a complex system of al-
most 60 different measures often with conflicting objectives (ref. 45).  
 
In the last decade several reforms have been determinant for the future of hard coal produc-
tion in German soil. The hard coal reforms between 1994-1996 and of 1997 have been suc-
cessful in making the subsidy systems more transparent and reducing the level of subsidies. 
As a result, between 1990 and 2000, hard coal production was reduced by 51% and the 
number of employees in the sector declined by 55%.28

 
The federal government continues to argue that domestic coal production must be main-
tained for energy security reasons and employment stability. The German Hard Coal Asso-
ciation supports this argument, but goes one step further by requiring that a long-term, coal-
based and associated financing package be defined with a time frame of up to at least 
2015.29

 
State aid to the coal industry shall be approved by the European Commission. The latest 
German restructuring plan covers the years 2006 to 2010. Germany intends to grant 12 bil-
lion EUR to its 10 coal mines, out of which four are scheduled to close by 2010. In 2004 the 
total state aid was 3.1 billion EUR, and Germany produced 27 million tonnes of coal. In 2010 
the planned production is 18.5 million tonnes, while the scheduled state aid is 2.1 billion EUR 

                                                      
27 The data on primary energy consumption is based on ‘Statistics 2001’, by Eurogas. 
28 For a comment on the impact of employment, see Frondel, Manuel, Kambeck, Rainer and Schmidt, Chris-
toph M., Hard Coal Subsidies: A never-ending story?. Energy Policy 35 (2007) 3087-3814 
29 http://www.dw-world.de/dw/article/0,2144,2320970,00.html Visited: 03/08/2007 
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(ref. 50). This corresponds to unit subsidies of 3.82 EUR/GJ in 2004 and 3.78 EUR/GJ in 
201030. This is much higher than the average EU subsidies stated in table 8.3. 
 
However, this is only the direct state aid. If we take into consideration subsidies by regula-
tion, as well as tax exemptions and financial transfers, hard coal in Germany was subsidized 
by approx. 8 billion EUR, rather than the 3.3 billion EUR in 2003 (ref. 55). 
 
Germany produces much more lignite than hard coal, and lignite is also subsidized. The 
direct state aid is estimated at minimum 960 million EUR per year, while the indirect support 
is minimum 3520 million EUR/year (ref. 51). With a total lignite production of 182 million ton-
nes in 2004, the direct subsidy is equivalent to 0.55 EUR/GJ31. 
 
Case: Nuclear industry in Canada 
 
Table 8.4 shows government subsidies to Atomic Energy of Canada Ltd: 
  
 1998 1999 2000 2001 2002 2003 2004 2005 2006 
R&D 132.2 102.4 105.7 108.9 136.3 106.6 103.0 99.0 98.8 
Reactor de-
commissioning 

   13 17 31 30 29 2319 

Additional  
subsidies 

20.6 8 32.1  60  46 35 60 

Total 152.8 110.4 137.8 121.9 213 137.6 179 163 2478 
 
Table 8.4: Canada Federal Government subsidies to Atomic Energy of Canada Ltd. (AECL) in 
million Canadian dollars of the year (ref. 48). 
 

Such accounts are often inaccurate, as subsidy structures are rather complex. According to 
Martin (ref. 49), the 2001-2002 Supplementary Estimates (A), tabled in the House of Com-
mons on November 1, 200132, contained a new appropriation for $82 million, including $47 
million for “additional working capital”; $25 million for “additional funding to support nuclear 
research and development”; and $10 million to “refurbish and modernize the Chalk River 
laboratories”. This raised the total AECL subsidy in 2001 to $203.604 million.33  

Nevertheless, table 8.4 gives an appropriate estimate of the order of magnitude of the subsi-
dies. Only noteworthy exception is 2006, when a large decommissioning project seems to 
have been initiated. According to Martin (ref. 49), the appropriations reported for 2006 reflect 
amounts budgeted for AECL in both the government’s Estimates and Supplementary Esti-
mates as well as an additional distribution of $2.319 billion to AECL. 
 
Figure 8.5 shows the net nuclear generated electricity in Canada in the period 1980-2004.  
Dividing the average subsidy 1998-2004 of 150 million Can$ per year (table 8.4) with the 
average electricity generation for the same period, 72.6 TWh/year, the unit subsidy is 2.07 
Can$/MWh, or 1.46 EUR/MWh. With an electricity efficiency of 36% (BAT), this converts to 
0.15 EUR/GJ fuel, somewhat less than the 0.23 EUR/GJ for EU-15 in 2001 quoted in table 
8.3. 

                                                      
30 Assuming an average calorific value for hard coal of 30.4 GJ/tonne (range 27.4 – 33.0 GJ/tonne; ref. 52) 
31 Assuming an average calorific value of 9.55 GJ/tonne (ref. 52), 
32 Treasury Board of Canada Secretariat, Tabling of the 2001-2002 Supplementary Estimates (A), News Release, 
November 1, 2001 
33 Treasury Board of Canada Secretariat, Supplementary Estimates (A),2001-2002, November 1, 2001, p. 117. 
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Fig. 8.5: Canada’s net nuclear electricity generation in TWh. Source: Energy Information Ad-
ministration – International Energy Annual 2004. Table Posted July 7, 2006. 

The EU CO2 cap and trade system 
 
The EU has established a CO2 emission trading system, including allocation of free quotas 
(emission allowances) for existing plants. For the trading period 2008-12, most countries 
have also allocated a substantial amount of quotas to new entrants. Ref. 53 shows that the 
allocation to new plants in the electricity industry functions as an investment subsidy for coal, 
lignite oil and natural gas. 
 
In Figure 8-6, the allocation to a new coal-fired combined heat and power (CHP) plant is 
compared to five North European EU countries. EU does not require Member States to allo-
cate allowances for free to new entrants. However, all countries have chosen to do so, pos-
sibly to attract investments to the power sector, or with the intention to ensure a level playing 
field between existing plants and new entrants. It appears from Figure 7.1 that even with a 
moderate CO2-allowance price of 20 €/tonne, the income from the sale of allowances is able 
to cover a considerable part of the total capital costs of a new plant, in Germany more than 
60 per cent. This is a substantial investment subsidy. 

Allocation to new 
entrants is an in-
vestment subsidy 

 
According to EU rules, only fossil fuel plants may be allocated quotas. This skews invest-
ments in the direction of fossil fuel technologies and away from renewable energy, thereby 
potentially eroding the incentives of the scheme. 
 
Moreover, in some countries such as Germany and Finland, fossil fuel technologies with high 
emissions (coal power) are allocated relatively more allowances than technologies with low 
emissions (gas power). This distorts investments in the direction of more polluting fossil fu-
els, exacerbating the effect on CO2 emissions. Furthermore, subsidies differ substantially 
between countries; this may skew the geographical distribution of new investments in the 
electricity sector. 
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Figure 8.6: Allocation to new coal-fired plants in selected EU countries. Measured as share of 
the plants’ total capital costs assuming a CO -allowance price of 20 €/tonne, the value of future 
allowances has been reduced to net present value using a discount rate of 10 % over a time 
scale of 10 years. Based on the National Allocation Plans for 2005-7 (ref. 53).

2

 

Conclusions 

In spite of considerable externalities related to the generation of energy, significant subsidies 
are given out to producers of energy in the EU34. This is in direct contrast to the “polluter 
pay” principle, particularly as the largest amounts of subsidies are allocated to some of the 
most polluting technologies like coal power.  
 
Among the fossil fuels considered in this study (gas, oil and coal), the subsidies for the coal 
mining industry are the biggest totalling approx. 1.42 EUR/GJ. This figure is similar to the 
world market prices on coal (1.64 and 1.75 EUR/GJ in 2010 and 2025). In Germany the sub-
sidies account to approx. 3.8 EUR/GJ in 2004, and this figure is not envisioned to decrease 
significantly until 2010. These numbers show that EU’s trend of state financing coalmining 
still remains today, and will continue in the near-term future. It has not been within the scope 
of this project to examine how coal mine subsidisation impacts world market coal prices. It 
can be expected that the subsidisation of the coal sector (not only in the European Union)  to 
some extent will lead to artificially low world market coal prices. Furthermore, it should be 
stressed that it has not been possible to take this correlation into account in the comparisons 
of generation costs presented in the previous chapter. 
 
EU and Canadian figures indicate that subsidies for nuclear generally are significantly lower 
than for coal power production. Still, however, it is disappointing to observe that state aid is 
used to finance for example decommissioning costs of nuclear power plants. Particularly so, 
since decommissioning costs can be expected to increase in the near future as more and 
more nuclear power plants are taken out of operation. To provide a level playing field be-
tween technologies, it is crucial that these costs are financed by the power plant owners. 

                                                      
34 Note that this study does not examine to which extent externalities are currently internalised in energy mar-
kets through taxes, quota systems or alike.   
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Especially it is important that investors in new nuclear power units do not expect to have 
decommissioning costs covered through state subsidisation.  
 
The EU emissions trading system is intended to benefit renewable energy technologies by 
internalising the costs of emitting CO2 to electricity producers. However, the system intro-
duces a substantial subsidy to new fossil fuelled power plants through the allocation of gratis 
quotas to new entrants. This illustrates the importance of carefully designing market frame-
work to handle externalities. 
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9 Summary and conclusions 
 
The electricity sector has a history of public interest and political interference based on secu-
rity of supply, national economy, environment and employment issues. Since the 1990’s, 
liberalisation has strongly changed the electricity sector in most OECD countries. Market 
forces and indirect regulation have now replaced the previous direct government control. 
 
When designing the market framework for the electricity sector it is important to recognise 
the real costs and benefits of different energy sources in order to stimulate investments in 
the most attractive technologies from a socio-economic point of view. 
 
The lack of reliable and readily available information regarding the true costs and benefits of 
different energy technologies is probably one of the reasons for today’s limited deployment 
of renewables. On one hand, many of the benefits of renewable energy are difficult to 
monetize, and are therefore ignored when investors take decisions on new electricity plants. 
This regards, amongst others, environmental footprint, employments impacts and security of 
supply issues. On the other hand, complaints are often heard from grid owners and system 
operators that the costs of integrating some renewable energy technologies into energy sys-
tems are prohibitive due to their fluctuating nature. 
 
A broader consensus on these issues between market players, national authorities, TSOs 
and politicians may reduce important barriers currently preventing the implementation of 
optimum solutions. 
 
The present project, Renewable Energy Costs and Benefits for Society” (RECaBS) provides 
tools and data allowing all stakeholders in the energy sector to examine the “real” costs and 
benefits of electricity generation for a number of key technologies. A major output from the 
project is an interactive energy calculator, termed REcalculator, available at www.iea-
retd.org. The REcalculator enables anyone to make comparisons of renewable and tradi-
tional electricity generating technologies.  
 
Comparisons are based on the long-run marginal cost of electricity generation, including 
investment costs, operation and maintenance costs, and fuel costs.  Moreover, the cost as-
sessments have been made in a socioeconomic perspective, and therefore they do not nec-
essarily include the environmental and system costs that an investor will in fact experience in 
the market. 

The societal  
perspective 

9.1 Technology data 
During the project, a hearing process on technology data has been carried out gathering 
valuable input from relevant technology implementing agreements under the International 
Energy Agency.  All economic and technological assumptions are now available at www.iea-
retd.org and in this report, fully referenced. Data and documentation rely on internationally 
respected sources. 
 
The technology assessment includes renewable electricity supply technologies and conven-
tional electricity supply technologies: 
 

1. Wind turbines, onshore 
2. Wind turbines, offshore 
3. Solar photovoltaics 
4. Concentrating solar thermal power with natural gas back-up 
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5. Biomass, large combustion 
6. Biomass and coal co-firing, large scale 
7. Biomass gasifier, small scale 
8. Biogas, centralized plants 
9. Hydropower, small scale 
10. Wave power 
11. Municipal solid waste, incineration 
12. Coal power 
13. Coal power + CO2 capture and storage 
14. Natural gas combined cycle gas turbine 
15. Nuclear power 

 
The technology catalogue provided in the present project gives a uniform, commonly ac-
cepted and up-to-date basis for energy planning activities, such as future outlooks, environ-
mental impacts and technical and financial analyses. 
 
For the identification of cost reduction possibilities, technology and cost data are based on 
Best Available Technologies today (2010) as well as in the mid-term future (2025). 2010 
technology represent the type of plant that investors will choose if they are to take invest-
ment decisions within the next few years. 
 
The study is based on planning data ignoring distortions from short-term business cycles. 
For this reason the costs of wind power turbines are somewhat lower than prices observed in 
the market at present. The same accounts for fossil fuel prices as these are based on the 
price projections in the International Energy Agency’s World Energy Outlook, assuming an 
oil price level of roughly USD 50 per barrel throughout the analysed period to 2025. 
 
 

igure 9-1: Screendump from the REcalculator showing the technical and financial data for the 
 
F
large biomass power plant included in the analysis. At www.iea-retd.org input data for all tech-
nologies can be assessed.   
 
 
 
Compared to the average power plants of today, the electric efficiency of the new thermal 
power plants in this study are considerably higher. For example, the coal power plant has an 
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electric efficiency of 49 per cent in condensing mode in 2010 increasing to 52 in 2025. The
are large base-load units applying pulverised fuel combustion and advanced (super critical) 
steam data. The same technology is assumed for large biomass plants, except that the input 
is biomass; e.g. residues from wood industries or forests and residues from agriculture 
(straw). Wood is usually the most favourable biofuel for combustion in a plant with advanced 
steam data due to its availability and low content of ash, chlorine and nitrogen. 
 
The gas technology included in the comparison is a combined cycle gas turbine

se 

. In a com-
ined cycle power plant, the waste heat from the gas turbine is used for producing steam to 

e 

ge (CCS) technologies are currently in the phase of research and 
emonstration, and it still needs to be proven that the CO  can be safely stored underground 

l 

ssil fuel technologies, renewables are often at an early stage of 
evelopment. In a longer perspective, through technological progress and economies of 

 
 

 
ur-

9.2 Externality costs 
In prin s includes all effects that influence the welfare of human 
being  market, and consequently not paid for. 

r CO2 and CH4. 
2. Other pollution: Air emissions (SOx, NOx, particles, and radioactive emissions) and 

 
ed capacity value for fluctuating generation 

5. 
 
The a  based on the methodical approach that was 

eveloped in connection with the international research project ExternE. The results from 

o 

Environmental 
externalities 

b
generate additional electricity. In this way, the total efficiency of electricity generation can b
enhanced to 60 per cent. 
 
Carbon Capture and Stora
d 2
over a longer term. Several CO2-capture technologies are being investigated, including inte-
grated gasification combined cycle technologies (pre-combustion capture), chemical absorp-
tion (post-combustion capture) and oxyfuel technologies. CCS technologies will have higher 
investment costs than conventional technologies and lower fuel efficiency because a lot of 
energy is required to capture the CO2. In the present study we assume that investment costs 
of the a coal power plants equipped with CCS will be 50 per cent higher than for similar coa
and gas technologies without CCS in 2010 and 20 per cent higher in 2025. In addition, the 
electric net efficiency is assumed to be reduced by 10 percentage points in 2010 and 6 per-
centage points in 2025.  
 
Compared to traditional fo
d
scale, renewables may hold large potentials compared to mature energy technologies. For
example, the investment costs of solar PV is expected to decrease from 4.8 million €/MW
today to 2.4 million €/MW in 2025 off-shore in this study. Similarly, off-shore wind power 
investments costs are expected to decrease from app. 1.6 million €/MW today to 1.4 million
€/MW in 2025 and for wave power a reduction from 2.6 to 2.4 million €/MW is assumed d
ing the same period. 
 

ciple, the notion of Externalitie
s and that are not priced in the

 
RECaBS includes five different externalities: 
 

1. Climate change; greenhouse gasses, in particula

nuclear accidents. 
3. Grid integration; primarily extra costs to electrical infrastructure, power balancing and

reserves and reduc
4. Security of fuel supply; substitution of fuel imports with indigenous resources. 

Local benefits; primarily employment. 

 an lyses of environmental externalities are
d
ExternE indicate that climate changes and air pollution make out the most important envi-
ronmental costs, and that the costs are primarily related to the energy production phase. T
this should be added a number of issues specific to nuclear power. 
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Extensive analyses have been made of the economic consequences of climate change 

ithin ExternE. Climate change scenarios have been examined as a function of different 
9 
e-

 

o uncertainties and information gaps related to results from climate models, ExternE 
commends that an avoidance cost principle should be used when pricing the greenhouse 

ing the technological develop-
ent of new technologies, the world economic growth and the development in fuel prices. 

This 
ts well with current forward prices in the EU emissions trading system for the Kyoto period 

ous types of impacts ranging from increased corrosion of buildings, 
ver reduced agricultural yield and effects on ecosystems to human health impacts. Among 

t economic 
xternality. The costs of acidification and eutrophication of ecosystems are not valued in this 

s 

ental costs of the individual plants is the emission fac-
rs, i.e. the emission of air pollutants from the individual plant. These emission factors de-

n 

 it is of great importance how increased mortality is valued in society, especially 
remature mortality among elderly people caused by pollution. Experts are split in two 

ue 
 

Climate change 

Air pollution 

w
levels of GHG emissions, and economic growth indicating damage costs in the order of €
per tonne CO2. However, ExternE stresses that these estimates are probably rather low b
cause it has not been possible to assess a lot of potential damages, e.g. extended flooding 
and increased frequency of hurricanes (ExternE 2005). The Stern Review “The Economic of
Climate Change”, published in October 2006, suggested that the social costs of carbon to-
day is in the order of €65 per tonne of CO2 if we remain on a BAU trajectory (Stern 2006: 
xvi). 
 
Due t
re
gas emissions – i.e. an estimate of the costs of reducing the emission of greenhouse gas-
ses. This approach is also preferred in the present project. 
 
The future price of CO2 depends on a range of factors includ
m
The level of international climate change ambitions, however, is probably the dominant fac-
tor. A high international level of ambition will increase the demand for quotas and thereby 
increase costs, whereas a low level of ambition should lead to a low price of carbon. 
 
In this study €20 per tonne is used as the basic CO2 price in 2010 as well as in 2025. 
fi
2008-2012. Using the REcalculator, it is easy to make sensitivity analyses using other CO2 
price levels. 
 
Air pollution causes vari
o
experts within the health sector, there is general consensus that air pollution – even at the 
current level – will aggravate morbidity and lead to premature mortality. The highest costs 
originate from chronic mortality, i.e. increased mortality in the long term, contrary to acute 
impacts occurring within a few days after exposure to pollution (ExternE 2005). 
 
Environmental economic analyses show that health impacts make out the larges
e
project, as no reliable assessments of these have been made. Compared to the health im-
pacts caused by air pollution, preliminary analyses seem to indicate that the costs of acidifi-
cation and eutrophication are generally moderate, though they may be considerable in area
with sensitive ecosystems. 
 
A decisive condition for the environm
to
pend on the fuel used, the combustion technology and the level of environmental installa-
tions. As RECaBs include new power plants, complying with the latest air pollution regulatio
and equipped with state-of-the-art environmental facilities, their emissions factors are rela-
tively low. 
 
In addition,
p
schools of thought: one arguing that the lives of elderly people are almost as valuable as 
younger people’s lives (Value of Statistical Life, VSL) and another asserting that the val
should be reduced to take into account that they have fewer years left to live (Value of Life
Years Lost, VLYL).  
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In the present project we  used the VLYL-methodology as the reference methodology - in 
ccordance with the ExternE. However, the interactive calculator on www.iea-retd.orga  allows 

ith a high 
egree of certainty. In this study we include  2.5 €/MWh as a rough estimate of the potential 

her or 
wer. 

er of studies have shown that fluctuating oil prices may reduce economic growth, for 
xample through raising inflation and unemployment. A major economic advantage of re-

g 

n. For 
oal power, the externality cost is estimated to one third of gas power (i.e. 2.3 EUR/MWh). 

nergy. In this study, local benefits are attributed on the basis of rural employment effects 
of a 

ale biomass facilities the value of additional rural employment is estimated at 
st above 4 € per MWh and for large-scale biomass just below 2 €/MWh. This assumes that 

many coun-
ies including Germany, Spain and Denmark. This has triggered an intensive debate on the 

o Balancing production and reserve capacity 
ue to the electricity system of the power generated  

 
For rene  
on sizeable cost element compared to their basic generation costs. This is due to 

eneration facilities are often located remotely in order to exploit the best 
available renewable energy potentials. This leads to increased infrastructure costs 
as power must be transmitted to the major consumption centres.  

Nuclear power and 
the environment 

Fuel supply secu-
rity 

Local benefits 

System integration 
of renewables 

the user to change methodology to VSL and observe how this changes costs. 
 
The environmental footprint of nuclear power is extremely difficult to monetize w
d
cost of a nuclear accident based on an analysis of historic records (notably the Chernobyl 
accident) and safety probability assessments for new power plants. Moreover, 1.5 €/MWh is 
added to take into account the long-term health costs of radioactive emissions from aban-
doned mill tailings (byproduct material from the rough processing of uranium ore). 
 
It cannot be excluded, however, that the above costs are in fact a factor of three hig
lo
 
A numb
e
newable energy is its price stability, and the hedge it provides against price risks. Therefore, 
increased deployment of renewable energy or other initiatives, which contribute to reducin
the dependency on fossil fuels, will reduce economic losses due to price fluctuations. 
 
In RECaBS an externality cost of 7 EUR/MWh has been added to gas power generatio
c
 
‘Local benefits’ is a broad term covering primarily the employment impacts of renewable 
e
only, whereas employment effects in general are disregarded. Rural job creation is more 
social/political goal, than an economic goal. Therefore, the relevant measure is how much 
society is willing to pay for the less tangible benefits of rural job creation from renewable 
technologies.   
 
For the small sc
ju
society’s willingness to pay for creation local jobs is estimated to equal approximately 2900 
Euros/job-year. It is selected to attribute a value of zero to all other technologies, as there is 
no reason why jobs created will be in rural areas for other RE technologies.   
 
During the last decade, wind power has reached a fair share of penetration in 
tr
costs of integrating fluctuating renewable energy technologies in the electricity system. 
 
In the present study the following system integration costs elements are included: 
 

o Additional infrastructure 

o Capacity credit - i.e. the val

wable energy technologies like wind, wave and hydro power system integration
stitutes a c

two circumstances: 
 

1) That these g
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2) Their fluctuating production pattern result in a lower capacity credit and increased 
needs for balancing power. 

 
Sol V
thereby  upgrades, and because their diurnal generation profile 
ts well with the demand for electricity in warm climates 

lways comply with the definition of 
n externality. 

Renew  n order to make it more attractive for 
investors, an nt. However, it is often ignored that con-
entional energy technologies are subsidised as well.  

s of total amounts, the annual subsi-
ies to traditional energy sources exceed by far the subsidies to renewable energy. In the 

-

r 

ld wide subsidisation of the 
oal sector (not only in the European Union) does to some extent lead to artificially low world 

s 

sults 
hen examining the basic costs only (ignoring externality costs) small hydro, onshore wind, 

large lear and coal are presently economically more competitive than the 
other ed under this project.  

 the socio-economic discount rate is usu-
lly lower than the financial interest rate, including investors’ risk premium. This disfavours 

eneration costs of most renewable energy technologies are highly site dependent reflecting 
en 

ar P  has a negative system cost element because solar plants produce power locally, 
 reducing the demand for grid

fi
 
It should be mentioned that in some markets system integration costs are faced directly by 
market players. In this sense these system costs do not a
a

9.3 Subsidies for energy production 
 

able energy is subsidised in many countries i
d thus enhance the speed of deployme

v
 
As part of the present study, subsidies for energy production have been assessed based on 
a survey of existing literature. Results show that in term
d
EU, on average the unit subsidies (e.g. EUR per GJ) to solid fuels (coal) are at level with 
world market coal prices, and in the case of Germany, considerably higher. The data col-
lected also indicate that the unit subsidies to solid fuels are substantially larger than subsi-
dies to oil, gas and nuclear. The EU emissions trading system is intended to benefit renew
able energy technologies by adding a cost of emitting CO2 to electricity producers. At the 
same time, however, the system introduces a substantial subsidy to new fossil fuelled powe
plants through the allocation of gratis quotas to new entrants. 
 
It has not been within the scope of this project to examine how coal mine subsidisation im-
pacts world market coal prices. It can be expected that the wor
c
market coal prices. Furthermore, it should be stressed that it has not been possible to take 
this correlation into account in the comparisons of electricity generation costs for the variou
technologies.  
 

9.4 Re
W

scale biomass, nuc
technologies analys

 
From society’s point of view, technologies with relatively high capital costs and low fuel costs 
are more competitive than in the market place, as
a
especially natural gas technology, and favours renewable energy and nuclear technologies. 
 
The projected costs and benefits of renewable energy to society depend much on the ex-
pected price development of fossil fuels and the rate of technology learning. Moreover, the 
g
the available renewable energy resource. The highest learning rates are foreseen to happ
for renewable technologies increasing their future competitiveness. 
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When including externalities, today the costs to society of electricity from fossil fuels are 
higher than the most competitive renewable energy technologies. The cost of CO2 is the 
xternality with the highest negative impact on the value of fossil-based energy generation, 

s 
-

e 

an 40 €/MWh. The most significant externalities are the CO2 
osts pertaining to fossil fuel technologies and the system costs applying to several of the 

0 

e 

 
alities are included. The competitiveness of 

uclear power is enhanced compared to a situation, where externalities are not included. For 

al 

ore competitive than nuclear because these technologies are developed further. 

ind have had the lowest cost today and in 2025, respectively, followed by coal power, gas 

e
thus improving the relative benefit of renewables. Air pollution, on the other hand, only ha
minor influence on large-scale technologies due to the technology and regulatory develop
ment in reduction of dust, NOx and SO2. Moreover, some externalities counterbalance each 
other. For example, wind turbines benefit from pollution externalities, but are punished by th
cost of system integration. 
 
Adding externalities raises the cost of the most competitive technologies from a level around 
30 €/MWh today to more th
c
renewable energy technologies. When you include a CO2 price of 20 €/ton, REcalculator 
default value, the cost of producing power from coal is increased by 15 €/MWh (approx. 5
%) and for gas power by almost 7 €/MWh (20 %). Wind power, on the other hand, has a 
system cost element of 11 €/MWh for on-shore wind and 18 €/MWh for off-shore wind. Th
difference between on- and off-shore wind is explained by the higher infrastructure costs of 
connecting off-shore wind to the overall grid. 
 
Except for municipal solid waste, which is a special case, nuclear power has the lowest total
costs of all technologies in 2010, when extern
n
nuclear power a system cost element of app. 6 €/MWh is included, representing increased 
needs for reserves and a low capacity credit due to inflexibility, plus 4 €/MWh environment
costs. For comparison, the externality costs of coal power sum to almost 20 €/MWh. It should 
be emphasized, however, that whereas the nuclear system costs can be assessed with a 
fairly high degree of certainty the environmental costs of nuclear power are very difficult to 
quantify. 
 
In the mid-term future (2025) small-scale hydro and on-shore wind power are expected to 
become m
 
Figure 9-2 (using REcalculator “Graph details”) shows the levelised life-time cost of genera-
tion for five key technologies’ under reference conditions. Small-scale hydro and on-shore 
w
combined cycle, combined heat and power and large-scale biomass. 
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Figure 9-2: The levelised life-time cost of generation for large-scale biomass, small-scale hydro 
power, on-shore wind, coal power (condensing plant) and gas combined cycle (CC) Combined 
heat and power (CHP), and solar PhotoVoltaic (PV). Based on REcalculator reference condi-
tions. 
 
 
In the mid- and late 1990s, when ExternE published its reports on the environmental impacts 
of electricity production in different EU countries, an intense debate on environmental exter-
nalities took place. Contrary to the ExternE analyses of the 1990s that examined the envi-
ronmental costs of existing power plants, the present study examines the costs of new power 
plants complying with the latest air pollution regulation, and equipped with state-of-the-art 
environmental facilities. The environmental costs are therefore relatively low compared to 
former studies performed by ExternE. The emission of NOx is the single most costly air pollu-
tion component for all types of power plants. 
 
The REcalculator webtool, used in combination with better understanding of the extent of 
existing support mechanisms for traditional energy sources, provides a basis for developing 
new international and national policies to improve the competitiveness of renewables. 
When assessing the externalities of electricity generation, it has become evident how difficult 
it is to arrive at reliable and generally accepted values. This particularly regards costs related 
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to fuel security and local benefits, such as job creation. Further analytical work will therefore 
be needed to substantiate the estimates presented in this report. 
 

9.5 Conclusions 
 
The present project, Renewable Energy Costs and Benefits for Society (RECaBS), provides 
a tool and data allowing all stakeholders in the energy sector to examine the ‘real’ costs and 
benefits of electricity generation for a number of key technologies.  
 
Unique features of RECaBS are:  
 

1. All data used are publicly available and fully referenced. All efforts have been made 
to identify and use only the most reliable data available world-wide.  

 
2. Often, the benefits of renewable energy and the disadvantages of conventional 

technologies are not sufficiently accounted for in energy markets and in energy 
planning. RECaBS presents ways to quantify the most essential external costs and 
benefits in terms of money, so that these externalities can be included in socio-
economic evaluations.  

 
3. A major output from the project is the interactive energy calculator, REcalculator, 

available at www.iea-retd.org. The REcalculator enables anyone to make compari-
sons of renewable and traditional electricity generating technologies.  

 
The combination of full data transparency, the potential for including monetized externalities 
and the interactive tool offer several benefits for potential users: 
 

 Limited availability of reliable and generally accepted information regarding the true 
costs and benefits of renewable energy technologies is a key reason for today’s lim-
ited deployment. A broader consensus between utilities, national authorities, re-
search institutes, other relevant IEA implementing agreements et al will reduce im-
portant barriers currently preventing implementation of optimum solutions.  

 With enhanced understanding of the socio-economic costs and benefits, govern-
ments and international institutions can  develop recommendations for policies to 
improve framework conditions for renewable energy more easily, so that market ac-
tors will make optimal investment decisions from a societal point-of-view. This in-
cludes internalising externalities in energy prices, so that state support for both con-
ventional and renewable energy is better tailored to reflect the true societal costs 
and benefits. 

 When designing the market framework for the electricity sector it is important to rec-
ognise the real costs and benefits of different energy sources in order to stimulate 
investments in the most attractive technologies from a socio-economic point of view. 

  

9.6 Recommendations for further development 
 
As far as the authors of this report know, the REcalculator is the first tool allowing users to 
do interactive cost comparisons of different electricity producing technologies including ex-
ternalities. 
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However, the REcalculator has been developed within a relatively short time-frame and with 
limited resources. Therefore, there is still room for improving the performance and capabili-
ties of the web-tool. To get feedback on the tool it will be crucial to encourage advanced 
users to use the tool. If energy planning authorities (e.g. ministries of energy, the IEA Secre-
tariat, the European Commission, electricity system operators, research institutions) start 
using the data as input for their analyses, and also suggest amendments and updates, then 
the tool may have a substantial chance of becoming sustainable. 
 
Furthermore, the project team recommends the following expansions of the tool in a possible 
next phase of the project:  
 

1. Further develop the methodologies used to assess externalities. Particularly the 
costs and benefits related to security of supply and local benefits are difficult to substan-
tiate with a reasonable degree of accuracy with the existing approaches. Within the pre-
sent project it has been out of scope to develop new methodologies. 
 
2. Expand the REcalculator with a geographic dimension. This would allow users to 
examine the costs and benefits of different technologies in their own country. Air pollu-
tion costs, for example, differ substantially between different locations due to for instance 
meteorological conditions and population densities in surrounding areas. Similarly, the 
generation costs of almost all renewable energy technologies depend on the local re-
sources such as wind and solar conditions. 
 
3. Include more technologies in the comparison. The present calculator is limited to 
16 technologies. Further technologies can be included in a next phase of the project, in-
cluding for example large scale hydro power, fuel cells and geothermal power. 

 
In addition to the above mentioned recommendations, it is suggested that the versatility of 
the present calculator is increased, for example by allowing users to change more input such 
as technology data or own data on external costs. The challenge is to include these features 
without hampering the user-friendliness of the tool. This  could be handled by splitting the 
web-site into two or three sections aimed at different target groups, e.g. one for profession-
als, one for politicians and one for educational purposes. 
 

9.7 Recommendations for outreach 
 
A key immediate challenge is to encourage advanced users to use the tool. This will also 
ensure valuable feed-back for the further development. 

Advanced users 

 
Proposed actions: 

1. RETD can promote the use of the tool by direct promotional activities targeted at 
other IEA implementing agreements; e.g. by offering presentations at ExCo and 
other meetings. There would be two target groups: The implementing agreements 
themselves and the individual participants (IEA bodies are populated with numerous 
potential advanced users). 

2. The implementer of a RECaBS Phase 2 can conduct direct marketing towards se-
lected ministries, the IEA Secretariat, the European Commission, electricity system 
operators, research institutions etc, demonstrating the tool on location. Potential us-
ers may be offered assistance in the initial steps. This will give a first indication of 
which of the two major features of RECaBS (the REcalculator or the catalogue of 
technology data) would attract most attention (some users are likely to use RECaBS 
as a source of data for calculations on own computer models). 

 80



 

 
Announce/advertise RECaBS, in particular the REcalculator, in IEA’s news service, e.g. at 
the front page of www.iea.org under ‘Latest Information’. Some countries have established 
national IEA websites, e.g. Sweden (www.iea-sverige.org) and Norway (www.iea.no). Such 
websites often have a news column and a ‘latest publications’ column, which by subscription 
link to all news from the IEA secretariat. 

General aware-
ness 

 
Promote RECaBS at workshops and conferences by presenting papers and by demonstrat-
ing REcalculator on online computers (at exhibitions, conference lobbies etc.). 
 
A small number of educational institutions – at different learning levels – shall be encouraged 
to use the REcalculator, possibly in a tailored version. From the experiences with these pilot 
schools, a broad outreach strategy shall be formulated. 

Educational institu-
tions 
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Annex A: Technology descriptions 
The following technologies have been analysed by RECaBS: 
 

1. Wind turbines, onshore 
2. Wind turbines, offshore 
3. Solar photovoltaics 
4. Concentrating solar thermal power 
5. Biomass, large combustion 
6. Biomass and coal co-firing, large scale 
7. Biomass gasifier, small scale 
8. Biogas, centralized plants 
9. Hydropower, small scale 
10. Wave power 
11. Municipal solid waste, incineration 
12. Coal power 
13. Coal power + CO2 capture and storage 
14. Natural gas combined cycle gas turbine 
15. Nuclear power 

 
Descriptions and data for all technologies are presented in this Annex. They are also avail-
able at the RECaBS website. 
 

1. Wind turbines - Onshore 
 
Technology 
 
The typical concept is a horizontal axis wind turbine with a three-bladed propeller-type rotor 
placed on the upwind side of a tubular steel tower.  
 
The below data are valid for wind farms with a large number of turbines. 
 
 
Technology data 
 
Full-load duration hours, turbines situated in roughness class 1.5 (ref. 1): 
2004:  2400 hours/year 
2010-2015:  2500 hours/year 
2020-2030: 2600 hours/year 
 
The DENA grid study35 used the following full-load hours: 
2010:  1650 hours/year 
2020:  1700 hours/year 
 
Technical lifetime 20 years (ref. 1 and 17); 15-20 years (ref. 27). 
 
The maximum height of turbines on land may be limited by aviation regulation. 
 

                                                      
35 Deutche Energie-Agentur: ”Planning of the Grid Integration of Wind Energy in Germany Onshore and 
Offshore up to the Year 2020”, Berlin, 15 March 2005. 
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Investment costs 
 
Total costs (ref. 1+6, 2002 prices): 
2004:               0.87 – 0.93 M€/MW (1.5 MW turbines) 
2010-2015:  0.62 – 0.75 M€/MW (3 MW turbines) 
2020-2030:  0.5 – 0.6 M€/MW (5 MW turbines) 
 
Converted to 2006 prices: 
2010:  0.71 – 0.85 M€/MW; medium 0.79 M€/MW 
2025:  0.57 – 0.68 M€/MW; medium 0.63 M€/MW 
 
Capital costs (ref. 10, page 232, price level 2003):  
2005:  900 – 1100 USD/kW 
2030:  800 – 900 USD/kW 
2050:  750 – 900 USD/kW 
 
Overnight construction costs, 2010 (ref. 17): 1000 – 2000 USD/kW (2003 prices).  
 
Converting the ref. 10 figures to EUR (price level 2006) and also interpolating linearly be-
tween years give the following prices: 
2010:  0.865 – 1.042 M€/MW; medium 0.95 M€/MW 
2025:  0.806 – 0.924 M€/MW; medium 0.87M€/MW 
 
Installed system cost (ref. 27, price level 2003): 

2003 1.0 M$/MW 
2013 0.7 M$/MW 
Equivalent to 0.78 M€/MW in 2010 (2006 price level). 

 
On this background, default values have been chosen as follows: 
2010:  0.90 M€/MW 
2025:  0.80 M€/MW 
 
Experience curve (source: ”Cost Reduction Prospects for Offshore Wind Farms”, Wind Engi-
neering,  Vol. 28, No. 1, 2004, p. 101): 
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A technology learning analysis from 2003 (ref. 6) forecasted the capital costs for wind tech-
nology in 2020 to 435 – 538 USD/kW, cf. the below figure: 
 

 
 
2006 prices did not reflect a proper market, as the market pull was much higher than supply 
capacity. Order books were filled up for 1.5 to 2 years ahead for all the leading suppliers 
(source: “International wind energy development. World market update 2006”, BTM Consult, 
March 2007).   
 
“the weakness of the dollar, rising material costs, a concerted movement towards increased 
manufacturer profitability, and a shortage of components and turbines continued to put up-
ward pressure on wind turbine costs, and therefore wind power prices in 2006” (ref. 23). The 
below figure (ref. 23) shows how this upward trend started around year 2000: 
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So, market mechanisms may increase prices, even though costs may be unaltered. How-
ever, planning data for future situations will have to be based on expected costs, ignoring 
short-lived turbulences in market prices. Otherwise, conclusions will become too speculative. 
 
 
Operation and maintenance costs 
 
O&M (ref. 1, 2002 prices), all O&M costs referred to as variable: 
2004:  9 EUR/MWh 
2010-2015:  8 EUR/MWh 
2020-2030:  7 EUR/MWh 
 
Converting the above data to fixed O&M costs in EUR 2006 price level (with load factor 2500 
hours/year in 2010 and 2600 in 2025) yields a total cost of: 
2010:  23000 EUR/MW/year 
2025:   21000 EUR/MW/year 
 
O&M (ref. 27, 2003 prices), all O&M costs referred to as fixed: 

2003 22,000 USD/MW/year 
2013 13,000 USD/MW/year 
Equivalent to 15,400 EUR/MW/year in 2010 (2006 price level). 

 
Total O&M costs (ref. 10, page 221):  
1% of investment cost in the first year to 4.5% after 15 years (Danish source); 2-4% (Portu-
guese source); 3.4% (Dutch source). 
 
An average assumption would then be around 3 %, which converts to (in 2006 prices): 
2010:  28500 EUR/MW/year 
2025:   26100 EUR/MW/year 
 
Annual O&M costs, 2010 (ref. 17): 15000 - 38000 EUR/MW (2003 prices). 
 

 89



 

On this background, the following values have been chosen as default values: 
2010:  20,000 EUR/MW/year 
2025:   15,000 EUR/MW/year 
 
 
Costs of system integration36

 
 EUR/MWh
Additional infrastructure - 
Power balancing 3.1 
Additional reserve capacity - 
Reduced capacity value 2.7 
Total 5.8 
 
 

                                                      
36 For a detailed description, please refer to the document ‘Externality – System integration’ which may be 
downloaded from the RECaBS website. 
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2. Wind turbines - Offshore 
 
Technology 
 
The typical concept is a horizontal axis wind turbine with a three-bladed propeller-type rotor 
placed on the upwind side of a tubular steel tower.  
 
To minimize specific costs, offshore wind farms are typically based on large turbines in con-
siderable numbers. 
 
The electricity from all the turbines (or a group hereof) is collected and cabled to a trans-
former station, which is either offshore or on land. 
 
 
Technology data 
 
Full load duration hours (ref. 1; based on actual production in the North Sea): 
2004:  3600-4200 hours/year 
2010-2015:  4200 hours/year 
2020-2030: 4200 hours/year 
 
The DENA grid study37 used the following full-load hours: 
2010:  3330 hours/year (4.4 GW in North Sea + 1 GW in Baltic Sea)  
2015:  3320 hours/year (8.4/8.1 GW in North Sea + 1.4/1.7 GW in Baltic Sea) 
 
Technical lifetime (ref. 1): 20 years; 15-20 years (ref. 27). 
 
 
Investment costs 
 
Total costs (ref. 1+6, 2002 prices): 
2004:  1.5 – 1.7 M€/MW 
2010-2015:  1.0 – 1.3 M€/MW 
2020-2030:  0.8 – 1.2 M€/MW 
 
Converted to 2006 prices: 
2010:  1.14 – 1.48 M€/MW; medium 1.3 M€/MW 
2025:  0.91 – 1.37 M€/MW; medium 1.1 M€/MW 
 
Capital costs (ref. 10, page 232, price level 2003):  
2005:  1500 - 2500 USD/kW 
2030:  1500 - 1900 USD/kW 
2050:  1400 - 1800 USD/kW 
 
Converting the figures to EUR (price level 2006) and also interpolating linearly between 
years give the following prices: 
2010:  1.47 – 2.34 M€/MW; medium 1.9 M€/MW 
2025:  1.47 – 1.99 M€/MW; medium 1.7 M€/MW 
 

                                                      
37 Deutche Energie-Agentur: ”Planning of the Grid Integration of Wind Energy in Germany Onshore and 
Offshore up to the Year 2020”, Berlin, 15 March 2005. 
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Installed system cost (ref. 27, price level 2003): 
2003 1.8 M$/MW 
2013 1.3 M$/MW 
Equivalent to 1.42 M€/MW in 2010 (2006 price level) 

 
On this background, default values have been chosen as follows: 
2010:  1.6 M€/MW 
2025:  1.4 M€/MW 
 
 
Operation and maintenance costs 
 
Fixed O&M (ref. 1, 2002 prices): 
2004:  5 – 8 EUR/MWh (Note! Unusual unit) 
2010-2015:  4 – 6 EUR/MWh 
2020-2030:  3 – 5 EUR/MWh 
 
Converted to 2006 prices and converted to unit €/MW/year (assuming load factor 4200 
hours/year): 
2010:  19100 - 27800 EUR/MW/year (medium value 24000 €/MW/year) 
2025:  14400 - 23900 EUR/MW/year (medium value 19000 €/MW/year) 
 
Variable O&M (ref. 1, 2002 prices): 
2004:  5 – 8 EUR/MWh  
2010-2015:  4 – 6 EUR/MWh 
2020-2030:  3 – 5 EUR/MWh 
 
Converted to 2006 prices: 
2010:  4.6 – 6.8 EUR/MWh (medium value 5.7 €/MWh) 
2025:  3.4 – 5.7 EUR/MWh (medium value 4.6 €/MWh) 
 
Total O&M (ref. 27, 2003 prices), all O&M costs referred to as fixed: 

2003 40,000 USD/MW/year 
2013 28,000 USD/MW/year 
Equivalent to 31,100 EUR/MW/year in 2010 (2006 price level) 

 
 
Converted to 2006 prices and converted to unit EUR/MWh (assuming load factor 3500/3940 
hours/year as used by the source): 
2003 11.2 EUR/MWh 
2013   7.0 EUR/MWh 
 
On this background, default values have been chosen as follows: 
2010:  Fixed 22,000 EUR/MW/year + variable 5.0 EUR/MWh. 
2025:  Fixed 18,000 EUR/MW/year + variable 4.0 EUR/MWh. 
 
 
Costs of system integration38

 
 EUR/MWh

                                                      
38 For a detailed description, please refer to the document ‘Externality – System integration’ which may be 
downloaded from the RECaBS website. 
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Additional infrastructure 4.2 
Power balancing 3.1 
Additional reserve capacity - 
Reduced capacity value 2.7 
Total 10.0 
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3. Photovoltaics 
 
Technologies 
 
PV modules can be produced from many different materials: 

1. First generation cells are based on mono- or poly-crystalline silicon. More than 80 % of 
PV systems in the world are made from these types of silicon. 

2. Second generation cells are thin film made of e.g. amorphous silicon, cadmium-
telluride or copper-indium-selenide (CdTe, CIS or CIGS). 

3. Third generation cells can for example be several cells stacked on top of each other, 
photo-electro-chemical (PEC) cells, organic cells or plastic cells. 

 
This technology sheet deals with complete grid-connected systems. The major components 
of such a system are PV modules, inverter, and mechanical and electrical assembly equip-
ment. 
 
 
Technical data 
 
Technical lifetime: 

30 years (ref. 1). 
40 years (ref. 17). 
25 years (ref. 27). 

RECaBS default value: 30 years. 
 
Load duration: 

USA and Canada: 1260-1750 hours/year (ref. 27). 
Italy, Spain and Portugal:  1400 hours/year (ref. 11). 
Germany:  1000 hours/year (ref. 11). 
Denmark:    800 hours/year (ref. 11). 

RECaBS default value: 1400 hours/year. 
 
 
Investment costs 
 
Total system costs, 2.1 kW, 2002 prices (ref. 1): 
2004:           4.9 EUR/W 
2010-2015:  2.5 – 3.0 EUR/W 
2020-2030:  1.3 – 2.1 EUR/W 
 
Converted to 2006 prices: 
2010:  2.8 – 3.4 EUR/W; medium 3.1 €/W 
2025:  1.5 – 2.4 EUR/W; medium 1.9 €/W 
 
Installed system cost, 250 kWp (ref. 27, price level 2003): 
2003 6.5 USD/W 
2013 4.0 USD/W 
Converted to EUR 2006 prices and interpolated: 
2010:  4.7 EUR/W 
 
Ref. 10, 2003 prices: 

Building-integrated grid-connected systems: 5000 – 9000 USD/kW (p. 224). 
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Capital cost, modules: 2000 – 3000 USD/kWp (p. 130).  
Capital cost, balance of plant, grid-connected systems: The same (p. 130). 
In a standard building-integrated system, about two-thirds of the installation cost is for 
the module (p. 223). 
Figure on projected generation costs, 1990 – 2040 page 224. 
Power generation cost, Mediterranean area: 0.35 – 0.45 USD/kWh (p. 130). 
 
The 5 – 9 USD/W in 2003 prices converts to 4.35 – 7.83 €/W (2006); medium 6.09 €/W. 
The projected reduction in generation costs is approximately (graph reading): 
2005 –> 2010: 15%. 
2005 –> 2025: 47 %. 
Thus, the projected installation costs are approximately: 
2010: 5.2 €/W 
2025: 3.2 €/W 
 
The source has a table (table 4.13, page 232) with much lower cost data than the above 
cited. It is difficult to read how this table is related to the other data, and the table has 
therefore been ignored. 

 
Total system cost is projected to decrease from 6.7 USD/W in 2005 to 5 USD/W in 2010 and 
2.5 USD/W in 2020, 2004 prices (ref. 11).  
 
Overnight construction costs, 2010, 2003 prices (ref. 17): 
3500 – 5500 USD/kW. 
Converted to EUR, 2006 price level: 3400 – 5400 EUR/kW. 
 
These prices convert to (in 2006 prices): 6.43 €/W (2005), 4.80 €/W (2010), and 2.4 €/W 
(2020).  
 
 
 

 
Figure on retail prices, excluded sales tax (price level not stated). Source: Solarbuzz, March 
2007. 
 
World’s largest PV plant, 40 MW, to be finished by end of 2009.  
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550,000 thin-film cells delivered by First Solar. 
Total plant cost: 130 M€ or 3.25 €/W. 
Source: Press release 9 Feb 2007 from juwi international on Waldpolenz solar plant near 
Leipzig, Germany. 
 
Conclusion: 
 
EUR/W (2006) 2010 2025 
Ref. 1 2.8 – 3.4 1.5 – 2.4 
Ref. 10 5.2 3.2 
Ref. 11 4.8 2.4 
Ref. 17 3.4 – 5.4  
Ref. 27 4.7  
 
Ref. 11 is chosen as most appropriate source (= RECaBS default), as it is very recent. Also, 
the current slow-down in cost reduction (cf. SolarBuzz above) may support the notion that 
the optimistic cost reductions of ref. 1 may not materialise. Finally, there is some ambiguity in 
ref. 10. 
 
Price (in USD 2001) versus cumulative shipment (MWp) of power modules (ref. 11): 
 

 
 
From curve reading, the price decreased from 60 USD/watt in 1976 to 3.4 USD/watt in 2001, 
while the cumulative shipment increased from 0.3 to 1800 MWp. 
With these numbers, the experience index, b, is: (log(3.4)-log(60))/log(1800) = -0.383, 
and thus the progress ratio PR (PR = 2b) is 0.77 or 77%.  
So the unit cost has decreased 23% for every doubling of the cumulative shipment. 
 
A technology learning analysis from 2003 (ref. 6) forecasted the capital costs for solar PV 
technology in 2020 to 924 – 1561 USD/kW, cf. the below figure: 
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Operation and maintenance costs 
 
O&M: Approx. 1 % of investment costs (ref. 1). 
 
O&M: 1-3 % of investment costs (ref. 10, p. 224). 
 
Annual O&M, 2010, 2003 prices: 11 – 40 EUR/kW (ref. 17). 
Corresponds roughly to 0.5 – 1.0 % of initial investment per year. 
 
O&M (ref. 27, 2003 prices), all O&M costs referred to as fixed: 
2003 13,000 USD/MW/year (= 0.2% of initial investment) 
2013   9,000 USD/MW/year (= 0.23% of initial investment) 
 
On this background, the default value of O&M is taken as 1 % of the investment costs 
(€/MW/year), whereas the default variable O&M is zero.  
 
 
Costs of system integration39

 
 EUR/MWh
Additional infrastructure -18.4 
Power balancing 1.0 
Additional reserve capacity - 
Reduced capacity value -10.0 
Total -27.4 
 
 

                                                      
39 For a detailed description, please refer to the document ‘Externality – System integration’ which may be 
downloaded from the RECaBS website. 
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4. Concentrating solar power 
 
Technologies 
 
The most commonly described Concentrating Solar Power (CSP) technologies are: 

1. Parabolic trough (or ’solar farm’); large fields of parabolic trough solar collectors de-
liver steam to a rankine cycle power plant. 

2. Central receiver electric generating plants (or ’power tower’); a central tower sur-
rounded by a large array of heliostats. Heliostats are flat mirrors that track the sun. 
Central receivers can achieve higher temperatures and therefore higher efficiencies 
than parabolic troughs. 

3. Parabolic dish. 
 
The systems use either thermal storage or back-up fuels to offset solar intermittency. An 
inherent advantage of CSP technologies is their unique capacity for integration into conven-
tional thermal plants. Each technology can be integrated in parallel as ‘a solar burner’ to a 
fossil burner into conventional thermal cycles. 
 
Concentrating solar collectors can only focus the sun’s direct radiation. As a result such 
plants will only perform well in very sunny, arid and semi-arid areas. Although the tropics 
have high solar radiation, high diffuse radiation and long rainy seasons make these regions 
less attractive for these technologies. The best regions are Mediterranean countries, Middle 
East, Southwestern USA, Northern Mexico, the Andean Plateau, North-Eastern Brazil, Aus-
tralia, India and Southern Africa.  
 
Of the solar thermal electric generating technologies, the parabolic trough technology is con-
sidered the most proven. Nine such plants (named SEGS, Solar Electric Generating Sys-
tems), size range 14 - 80 MW, were built in California in the 1980’es, all still in operation in 
1999 (ref. 18). 
 
All SEGS were hybrid solar/natural gas plants, allowing the plants to be despatched. The 
fossil fuel backup may be either a simple steam cycle (coal or gas) or a natural gas com-
bined cycle. 
 
 
Technology data 
 
Technical life-time:  

25 years (ref. 18+27). 
RECaBS default value: 25 years. 
 
Utilization:  

4380 hours/year (ref. 18) 
2450 hours/year in 2003 and 4820 hours/year in 201340 (ref. 27). 

RECaBS default values: 4000 hours/year (2010) and 4800 hours/year (2025). 
 
 
Investment costs 
 

                                                      
40 The much higher load duration in 2013 is due to the introduction of thermal storage. 
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Ref. 18 estimated future costs of solar thermal power systems by two methodologies; engi-
neering estimates and experience curves, and arrived at equivalent results: 
 

Medium-term Long-term
Capacity MW 200 200
Power cycle net efficiency % 32.6 34.7
Load duration, solar hours/year 2199 2313
Load duration, fossil hours/year 2181 2067
Investment costs USD/kW 2055 1855
O&M USD/MWh 9.40 7.50  
Parabolic trough, simple steam cycle with natural gas back-up 
 

Medium-term Long-term
Capacity MW 100 200
Power cycle net efficiency % 35.6 39.0
Load duration, solar hours/year 3942 4380
Load duration, fossil hours/year 438 0
Investment costs USD/kW 2872 1836
O&M USD/MWh 12.00 6.00  
Central receiver, simple steam cycle with thermal storage and natural gas back-up. 
 
The parabolic trough is selected as BAT. Also, in lack of other data, medium-term and long-
assumed are assumed to be 2010 and 2025. 
 
Converting the above prices to EUR in 2006 prices yields: 
 
    2010 2025 
Investment costs EUR/kW 2227 2010 
O&M EUR/MWh 10.19 8.13 
 
CSP with natural gas back-up is projected to cost (ref. 10, page 232), price level 2003: 

2005: 2000 - 2300 USD/kW 
2030: 1700 - 1900 USD/kW 
2050: 1600 - 1800 USD/kW 

 
Converting the figures to EUR (price level 2006) and also interpolating linearly between 
years give the following prices: 
2010:  1.91 – 2.18 M€/MW; medium 2.0 M€/MW 
2025:  1.73 – 1.95 M€/MW; medium 1.8 M€/MW 
 
Installed system cost (ref. 27, price level 2003): 
2003 3.0 M$/MW; excl. thermal storage  
2013 2.8 M$/MW; incl. thermal storage (= 2.75 M€/MW, 2006 price level) 
 
Since ref. 10 is more recent than ref. 18 and 27, the investment figures of ref. 10 have been 
selected as default values. 
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Operation and maintenance 
 
O&M (ref. 27, 2003 prices), all O&M costs referred to as fixed: 

2003 60,000 USD/MW/year 
2013 35,000 USD/MW/year (including thermal storage) 
Equivalent to 42,000 EUR/MW/year in 2010 (2006 price level). 

 
Total O&M costs are 1.0-1.1 % of initial investment per year (ref. 11). 
 
RECaBS default value: 40,000 EUR/MW/year in 2010 and 2025.  
 
 
Generation costs 
 
The nine SEGS plants achieved cost reductions from 0.24 to 0.08 USD/kWh (ref. 18)41. 
  
Current costs of CSP with natural gas back-up are about 0.10 USD/kWh and are expected to 
fall to about 0.072 USD/kWh by 2050 (ref. 10, page 226). 
 
Current CSP systems are implemented in the cost range of 0.19 to 0.25 USD/kWh, and are 
expected to be in the range of 0.075 to 0.19 USD/kWh (ref. 11). 
 
 

                                                      
41 An experience curve analysis gave a progress ratio of 0.848, i.e. the costs were reduced by 15.2% by doubling 
cumulative production. 
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5. Biomass, large scale, 100% 
 
Technologies 
 
Large base-load steam-cycle units with 100% biomass. The major components are: Fuel 
treatment and feed-in system, high-pressure steam boiler, extraction steam turbine (for co-
generation heat and power), generator and flue-gas heat recovery boiler (hot water or 
steam). 
 
All fuel is grinded or chipped, blown into the furnace and burned while flying (suspension 
firing). Wood is usually the most favourable bio fuel for combustion due to its low content of 
ash and nitrogen. Herbaceous biomass like straw and miscanthus have higher contents of N, 
S, K, Cl etc. that leads to higher emissions of NOx and particulates, increased ash, corrosion 
and slag deposits.  
 
 
Technology data 
 
Electricity generation capacity in condensation mode (electricity only): 400 MW. 
Electricity efficiency in condensation mode, 2010/2025: 46.5% / 48.5% (ref. 9). 
 
Electricity generation capacity in cogeneration mode: 355 MW. 
Electricity efficiency in full cogeneration mode, 2010/2025: 41.3% / 43.0% (ref. 9). 
 
Heat production capacity: 300 MJ/s. 
Heat efficiency, 2010/2025: 48.7% / 47% (ref. 9). 
 
Annual full load duration, electricity only: 1500 hours/year 
Annual full load duaration, full heat production: 4500 hours/year (ref. 3). 
 
Technical lifetime: 30 years (ref. 9). 
 
 
Environment 
 
Air-borne pollutants, suspension firing, wood (ref. 3): 

SO2:  8 g/GJ 
NOx:  40 g/GJ 
Particles (PM 2.542):  1.0 g/GJ 

 
 
Investment costs 
 
Ref. 9 (price level 2002), 400 MW:  

2004  1300 EUR/kW 
2010-15  1300 EUR/kW 
2020-30  1300 EUR/kW 

The constant prices are due to an expected modest increase in efficiency (more expensive 
materials), which is counterbalanced by various cost reductions. The technology is consid-
ered fairly mature with only marginal room for technical improvements. 

                                                      
42 Particles less than 2.5 micrometers in size. 
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Ref. 10 also has some cost predictions. However, there is some inconsistency within the 
report. Also, there is some ambiguity as to whether the data are due for plants firing biomass 
only or co-ring with coal.  
 
Therefore, ref. 9 is chosen as most relevant source. 
 
Converted to 2006 prices: 

2010:  1.5 M€/MW. 
2025:  1.5 M€/MW.  

 
 
Operation and maintenance 
 
Fixed O&M (ref. 9, 2002 prices): 
2010-2015:  25000 €/MW/year 
2020-2030:  25000 €/MW/year 
 
Converted to 2006 prices and converted to unit €/MW/year (assuming load factor 4200 
hours/year): 
2010:  28500 €/MW/year 
2025:  28500 €/MW/year 
 
Variable O&M (ref. 9, 2002 prices): 
2010-2015:  2.7 €/MWh 
2020-2030:  2.7 €/MWh 
 
Converted to 2006 prices: 
2010:  3.1 €/MWh 
2025:  3.1 €/MWh 
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6. Biomass and coal co-firing, large scale  
 
Technologies 
 
Large base-load steam-cycle units with 20% biomass and 80% coal. The major components 
are: Fuel treatment and feed-in system, high-pressure steam boiler (super-critical steam), 
extraction steam turbine (for cogeneration heat and power), generator and flue-gas heat 
recovery boiler (hot water or steam). 
 
All fuel is grinded or chipped, blown into the furnace and burned while flying (suspension 
firing). A major advantage with suspension firing is that it can be applied in existing coal-fired 
power plants at a much lower cost than building new power plants. 
 
Wood is usually the most favourable biomass for combustion due to its low content of ash 
and nitrogen. Herbaceous biomass like straw and miscanthus have higher contents of N, S, 
K, Cl etc. that leads to higher emissions of NOx and particulates, increased ash, corrosion 
and slag deposits.  
 
 
Technology data 
 
Electricity generation capacity in condensation mode (electricity only): 400 MW. 
Electricity efficiency in condensation mode, 2010/2025: 52.5% / 55.0% (ref. 9). 
 
Electricity generation capacity in cogeneration mode: 355 MW. 
Electricity efficiency in full cogeneration mode, 2010/2025: 46.6% / 48.8% (ref. 9). 
 
Heat production capacity: 300 MJ/s. 
Heat efficiency, 2010/2025: 46.4% / 44.2% (ref. 9). 
 
Annual full load duration, electricity only: 1500 hours/year 
Annual full load duration, full heat production: 4500 hours/year (ref. 3). 
 
Technical lifetime: 30 years (ref. 9). 
 
 
Investment costs 
 
Ref. 9 (price level 2002), 400 MW:  

2004  1200 EUR/kW 
2010-15  1200 EUR/kW 
2020-30  1200 EUR/kW 

The constant prices are due to an expected modest increase in efficiency (more expensive 
materials), which is counterbalanced by various cost reductions. The technology is consid-
ered fairly mature with only marginal room for technical improvements. 
 
Converted to 2006 prices: 

2010:  1.37 M€/MW. 
2025:  1.37 M€/MW.  

 
 
Operation and maintenance 
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Fixed O&M (ref. 9, 2002 prices): 
2010-2015:  22000 €/MW/year 
2020-2030:  22000 €/MW/year 
 
Converted to 2006 prices and converted to unit €/MW/year (assuming load factor 4200 
hours/year): 
2010:  25000 €/MW/year 
2025:  25000 €/MW/year 
 
Variable O&M (ref. 9, 2002 prices): 
2010-2015:  3 €/MWh 
2020-2030:  3 €/MWh 
 
Converted to 2006 prices: 
2010:  3.4 €/MWh 
2025:  3.4 €/MWh 
 
 
Environment 
 
Air-borne pollutants, suspension firing, 20% wood and 80% coal (ref. 3): 

SO2:  8 g/GJ 
NOx:  40 g/GJ 
Particles (PM 2.543):  1.0 g/GJ 

 
 

                                                      
43 Particles less than 2.5 micrometers in size. 
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7. Biomass gasifier, small scale  
 
Technologies 
 
A solid biomass fuel is converted into gas (producer gas), which can be used in gas engines, 
boilers, gas turbines or fuel cells for power and heat production.  
 
The biomass is converted through several stages. Up to 100°C the water is vaporized. By 
pyrolysis the dry fuel is converted to a tarry gas and a char residue. Subsequently, the char 
residue is gasified at 800-1200°C, while water vapour and/or oxygen (air) is added. In staged 
gasification, pyrolysis and gasification are separated into two reactors, enabling a partial 
oxidisation of tar products between the stages.  
 
The data in this technology sheet are for a two-stage gasifer and a gas engine. 
 
 
Technology data 
 
Electricity generation capacity, 2010/2025: 5 / 10 MW. 
Electricity efficiency, 2010/2025: 38% / 41% (ref. 1). 
 
Heat production capacity, 2010/2025: 8.6 / 15.6 MJ/s. 
Heat efficiency, 2010/2025: 65% / 64% (ref. 1). 
 
Annual full load duration: 6000 hours/year (ref. 3). 
 
Technical lifetime, 2010/2025: 10-15 / 20 years (ref. 1). 
 
 
Environment 
 
Air-borne pollutants (ref. 1): 

SO2:          0 g/GJ 
NOx:      100 g/GJ 
Particles (PM 2.544):  < 0.36 g/GJ 

 
 
Investment costs 
 
Ref. 1 (price level 2002):  

2004  3500 EUR/kW 
2010-15  2800-3000 EUR/kW 
2020-30  2000-2500 EUR/kW 

Converted to 2006 prices: 
2010:  3.3 M€/MW. 
2025:  2.6 M€/MW.  

 
 
Operation and maintenance 
 

                                                      
44 Particles less than 2.5 micrometers in size. 
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Fixed O&M (ref. 1, 2002 prices): 
2010-2015:  70000 €/MW/year 
2020-2030:  50000 €/MW/year 
 
Converted to 2006 prices and converted to unit €/MW/year (assuming load factor 4200 
hours/year): 
2010:  80000 €/MW/year 
2025:  57000 €/MW/year 
 
Variable O&M (ref. 1, 2002 prices): 
2010-2015:  15 €/MWh 
2020-2030:  14 €/MWh 
 
Converted to 2006 prices: 
2010:  17 €/MWh 
2025:  16 €/MWh 
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8. Biogas, centralized plants 
 
Technology 
 
Animal manure from a number of farms and organic waste from food processing and other 
industries are transported to a plant. At the plant, the biomass is treated in an anaerobic 
process, which generates biogas. The data presented below assume that the biogas is used 
as fuel in an engine, which produces electricity and heat. However, the gas may also be 
used as fuel for vehicles. The digested biomass is used as fertiliser in crop production. 
 
Biogas contains 60-70% methane (CH4) and 30-40% carbon dioxide (CO2). With 65% meth-
ane, the lower heating value of the gas is 23 MJ/m3. 
 
 
Technology data 
 
The default plant is a fairly big centralized biogas plant, processing 500 tonnes/day of animal 
manure and other organic wastes. The capacity of the engine is 2 MW electricity and the 
electric efficiency is 39%. 
 
Annual full-load duration: 6000 hours/year (ref. 1). 
 
Technical lifetime: 20 years (ref. 1+27). 
 
 
Investment costs 
 
Specific investment costs (ref. 1): 

2010: 4.0 M€/MW. 
2025: 3.5 M€/MW. 

 
Installed system cost, 100-200 kW (ref. 27, price level 2003): 
2003 4000 USD/kW 
2013 3000 USD/kW 
Converted to EUR 2006 prices and interpolated: 
2010:  3.2 M€/MW 
 
A recently developed technology45 is reported to cost around 1.8 M€/MW. 
 
 

                                                      
45 A Danish technology (Gedsted), reported by the Danish Energy Authority, personal communication, June 
2007. 
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Operation and maintenance 
 
Total O&M costs (ref. 1; converted to 2006 price level): 

2010: 28 €/MWh 
2025: 28 €/MWh 

 
O&M (ref. 27, 2003 prices), all O&M costs referred to as fixed: 

2003: 15 USD/MWh 
2013: 15 USD/MWh 

 
The total O&M of the above mentioned Gedsted technology is around 33 €/MWh. 
 
 
Fuel costs 
 
Typically, a biogas plant receives a gate fee for processing some organic wastes, equivalent 
to a negative fuel price. Other biomass resources are purchased at a positive price. Usually, 
the income exceeds the expenses. However, it is assumed that the net income is counter-
balanced by the fuel handling costs, so that the net fuel price is zero. 
 
 
Environment 
 
Air-borne pollutants: 

SO2:   0.019 g/GJ (ref. 1) 
NOx:      400 g/GJ46

Particles (PM 2.547):             g/GJ 
 
 
Climate change 
 
Biogenic emissions of CH4 and N2O occur in stables, during handling, storage and after field 
application of animal manure. However, RECaBS includes greenhouse gas emissions from 
the electricity generation phase only. Therefore, N2O emissions are ignored, as they primar-
ily occur in the field. 
 
It is assumed that all the heating value of the biogas originates from CH4. Part of this CH4 
would otherwise have been released to the atmosphere, depending on the alternative animal 
waste management system. As default assumption, 20% of the CH4 otherwise used by the 
biogas plant for energy production would have been emitted to the atmosphere (see more 
details in Addendum 1).  
 
With a lower heating value of CH4 of 35.9 MJ/m3and a density of 0.67 kg/m3, 1 GJ of CH4 
weighs 18.7 kg. As one molecule of CO2 is 2.74 heavier than one molecule of CH4, 18.7 kg 
CH4 becomes 51.2 kg CO2 after combustion. So, each GJ consumed by the biogas plant 
results in 51.2 kg CO2. 
 

                                                      
46 Measurements on large operating biogas plants in Denmark: 500 – 650 mg/m3. Source: Danish Energy Au-
thority, personal communication, June 2007. 
47 Particles less than 2.5 micrometers in size. 
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Alternatively, the liquid/slurry tank would release 20% of 18.7 kg CH4, i.e. 3.73 kg. As the 
global warming potential of CH4 is 21 times that of CO2, 3.73 kg CH4 ventilated directly into 
the atmosphere is equivalent to 78.4 kg CO2. 
 
Thus, the difference between ventilation and combustion is 27.2 kg of CO2-equivalent per 
GJ, rounded to 27 kg/GJ. This is a climate change benefit of the biogas plant, and it there-
fore appears as a negative cost in the REcalculator. 
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Addendum 1: Reduction of methane emissions through anaerobic digestion of animal ma-
nure 
 
For farms with livestock populations living under confined conditions, there are several alter-
native systems for manure management, e.g.:  

• Solid storage; dung and urine are excreted in a stall. 
• Liquid/slurry; dung and urine are collected and transported in liquid state to large concrete 

lined tanks for storage. Manure is stored in the tanks for six or more months, before it is ap-
plied to fields. 

• Anaerobic digestion in closed tank systems (biogas). 
• Anaerobic lagoon systems. 
• Pit storage below animal confinements. 
• Dry lot, in dry climates animals may be kept on unpaved feedlots, where the manure is al-

lowed to dry until it is periodically removed. 
• Composting. 

 
In the below calculation, the liquid/slurry tank is used as reference (baseline) for estimating 
the emission reduction from biogas production. 
 
Anaerobic digestion of liquid manure (slurry) reduces the emission of methane due to the 
removal of volatile solids (VS).  
 
Methane emission factors from manure management can be estimated as follows (IPPC 
Reference Manual48):  
 

EF = VS × Bo × 0.67  × MCF  
 
where 

EF     =  emission factor (kg CH4) 
VS    =  content of volatile solids (kg) of the manure 
BB

                                                     

o     =  maximum methane production capacity for the particular type of manure 
(m  CH3

4 per kg VS). 
MCF =  methane conversion factor for the manure management system 
The factor 0.67 is the density of methane in kg/m3. 

 
According to IPCC, the maximum methane production capacity (Bo) in developed countries 
is: 

Dairy cattle:  0.24 m3 CH4 per kg VS 
Non-diary cattle:  0.17 m3 CH4 per kg VS 
Swine:  0.45 m3 CH4 per kg VS 

 
IPCC recommends the following default MCF values for slurry tanks: 

10 % in cool climates; average temperature below 15 oC 
35 % in temperate climates; average temperature 15 - 25 oC 
65 % in warm climates; average temperature above 25 oC 

 
As an example, 1 kg of swine manure would, in cool climates, produce: 
 
VS × Bo × 0.67  × MCF = 1 kg × 0.45 m3 CH4 per kg × 0.67 kg/m3 × 0.10 = 0.03015 kg CH4. 
 

 
48 International Panel for Climate Change (IPCC): Reference Manual, 1996, page 4.26. 
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A Danish investigation49 has measured the CH4 emissions under two different circum-
stances, where the slurry is left untreated in covered storage tanks, and with existing biogas 
production technology: 
 

Untreated 
storage

Biogas and 
storage

Pig slurry 0.0369 0.0157
Cattle slurry 0.0201 0.0082  
CH4 emission in kg CH4 per kg volatile solids (VS) 
 
For untreated storage the Danish figure is 22 % higher than the IPCC derived figure. For 
reasons of conservativeness, RECaBS uses the IPCC figures. 
 
For biogas plants, IPCC default values are quite uncertain, and RECaBS therefore relies on 
the Danish measured figures. 
 
According to the Danish measurements, a modern biogas digester will convert 0.605 kg of 
VS per kg of swine VS fed to the digester. The methane production thus is: 
 
VS × Bo × 0.67  = 0.605 kg × 0.45 m3 CH4 per kg × 0.67 kg/m3 = 0.1825 kg CH4.  
 
As 0.0157 kg CH4 is emitted to the atmosphere, the remaining 0.1668 kg CH4 is available for 
energy production. So, for every kg of CH4 used for energy purposes, the biogas plant will 
emit 0.0940 kg CH4.  
 
If the same amount of VS (1/0.1825 = 5.5 kg) was stored in slurry tanks, the emission would 
be   
0.03015 × 5.5 = 0.1808 kg CH4. So, for every kg of CH4 used for energy purposes, the emis-
sion reduction will be 0.1808 – 0.0940 = 0.0867 kg CH4, or 8.7 %.  
 
The emission reduction for anaerobic digested cattle manure can be calculated similarly: 
 

Cool Warm
Swine manure 8.7 45
Cattle manure 4.5 28

ClimateEmission reduction 
(%)

 
 
Assuming a 50-50 mixture of swine and cattle manure and a climate in-between cool and 
temperate (e.g. Central-Southern Europe), the emission reduction would be around 20%. 
This is used as RECaBS default value. 

                                                      
49 "Reduction of greenhouse gas emissions from animal manure and organic waste by anaerobic digestion", 
Danish Agricultural Research (DJF), report no. 31, July 2001. The report is in Danish, with a 3 page English 
summary. 
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9. Small-scale hydropower 
 
Technologies 
 
The dividing line for categorisation of small-scale and large-scale hydro differs from country 
to country, but generally it ranges from 10 to 30 MW (ref. 10). 
 
Small-scale hydropower is normally the run-of-river design, which does not interfere signifi-
cantly with river flows. 
 
 
Technology data 
 
Technical life-time:  

50 years or more (ref. 10, page 215). 
30 – 60 years (ref. 17). 
25 years (ref. 27). 

RECaBS default value: 35 years. 
 
Utilization, run-of-river plant:  

6940 hours/year (ref. 19). 
3900-6600 hours/year (ref. 27). 

RECaBS default value: 6000 hours/year. 
 
 
Investment costs 
 
In general terms, costs increase as head decreases, and as size decreases. 
 
Installed system cost, 1-5 MW (ref. 27, price level 2003): 
Canada: 

2003 1700-2500 USD/kW 
2013 1700-2500 USD/kW 

USA: 
2003 3400-4600 USD/kW 
2013 3400-4600 USD/kW 

Converted to EUR 2006 prices: 
2010:  1.67-4.52 M€/MW; mean value 3.1 M€/MW. 
 
Ref. 20 shows the below ranges for investment costs in 2002: 
 

 112



 

 
 
Small hydro (< 10 MW) are projected to cost (ref. 10, page 232), price level 2003: 

2005: 2500 USD/kW 
2030: 2200 USD/kW 
2050: 2000 USD/kW 

Resulting in the following generation costs (10% discount rate): 
2005: 56 USD/MWh 
2030: 52 USD/MWh 
2050: 49 USD/MWh 

 
Converting the investment figures to EUR (price level 2006) and also interpolating linearly 
between years give the following costs: 
2010:  2.40 M€/MW 
2025:  2.22 M€/MW 
 
Overnight construction costs, 2010 (ref. 17): 1500 – 1700 USD/kW (2003 prices). 
Equivalent to 1.47 – 1.67 M€/MW, 2006 price level. 
 
Initial investment cost (ref. 19): 8.8 million Can$ for 2.1 MW run-of-river plant, equivalent to 
3.3 M€/MW. 
  
Capital costs for micro hydro (20 – 200 kW): £200 - £3000+ per kW. 
Source: Factsheet by British Hydropower Association, August 2002. 
Equivalent to 0.33 – 4.95 M€/MW, 2006 price level. 
 
On this background the following default values are suggested for RECaBS: 
2010: 1.5 – 3.3 M€/MW; mean value 2.4 M€/MW. 
2025: 2.2 M€/MW. 
 
 
Operation & maintenance costs 
 
Annual O&M costs, 2010, 2003 prices (ref. 17): 20,000 – 80,000 EUR/MW. 
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Annual O&M costs (ref. 19): 89,000 EUR/MW/year. 
 
Annual O&M costs (ref. 20), one case example, 2002 prices: 53,600 EUR/MW/year for 4.9 
MW plant. 
 
O&M (ref. 27, 2003 prices), all O&M costs referred to as fixed: 

2003: 24,000 USD/MW/year 
2013: 19,000-23,000 USD/MW/year 
Equivalent to 21,500 EUR/MW/year in 2010. 

 
On this background the following default values for fixed O&M are suggested for RECaBS 
(variable O&M is zero): 

2010:  50,000 EUR/MW/year. 
2025:  50,000 EUR/MW/year. 
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10. Wave power 
 
Technology 
 
There is no commercially available technology at the present time. However, a few systems 
are at a stage of being developed at sea for prototype testing. 
 
A wave power converter comprises a structure interacting with the incoming waves. The 
wave power is converted by a power take-off (PTO) system based on hydraulic, mechanical 
or pneumatic principles driving a rotating electrical generator producing electricity or by a 
linear generator directly driven by the structure. 
 
The structure is kept on a fixed mean position by a mooring system, or placed directly at the 
seabed/ seashore. The power is transmitted to the seabed by a flexible submerged electrical 
cable and to shore by a sub-sea cable (some systems are bottom-mounted) 
 
 
Technology data 
 
Full-load duration hours (ref. 1): 
2004: 3500 hours/year 
2010-2015: 4000 hours/year 
2020-2030: 4800 hours/year 
 
Technical lifetime (ref. 1):  
2004: > 10 years 
2010-2015: > 15 years 
2020-2030: > 20 years 
 
 
Investment costs 
 
It is difficult to estimate realistically the costs of wave power, since the few existing schemes 
are prototypes with the additional costs incurred by this stage of development. However, 
some attempts have been made to estimate the costs of commercial installations. 
 
Total investment costs (ref. 1, 2002 prices): 
2004:               2.5 – 4 M€/MW (0.75 – 2 MW) 
2010-2015:  1.9 – 2.2 M€/MW (1 - 10 MW) 
2020-2030:  1.7 – 2.0 M€/MW (2 - 50 MW) 
 
Converted to 2006 prices: 
2010:  2.2 – 2.5 M€/MW; medium 2.3 M€/MW 
2025:  1.9 – 2.3 M€/MW; medium 2.1 M€/MW 
 
Capital cost (ref. 28; price level 2003): 
Current:  1400 £/kW (2.2 M€/MW in 2006 prices) 
Future:  1190 £/kW (1.9 M€/MW in 2006 prices) 
 
 
Operation and maintenance costs 
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O&M (ref. 1, 2002 prices), all O&M costs referred to as variable: 
2010-2015:  12 EUR/MWh 
2020-2030:    6 EUR/MWh 
 
Converted to 2006 prices: 
2010:  14 EUR/MWh 
2025:    7 EUR/MWh 
 
Annual O&M cost (ref. 28; price level 2003): 
Current:  56 £/kW  (88 €/kW/year in 2006 prices) 
 
 
Costs of system integration 
 
 EUR/MWh
Additional infrastructure 4.2 
Power balancing  
Additional reserve capacity  
Reduced capacity value  
Total  
 
The additional infrastructure is assumed to be equivalent to that of offshore wind farms. 
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11. Municipal Solid Waste (MSW) incineration 
 
Basic technical assumptions 
 
Typical throughput range of moving grate (mass burn): 120 – 720 tonnes/day (p. 6); eq. to 5 
– 30 tonnes/hour (ref. 8). 
 
Net calorific values for waste treated at 50 European MSW plants (ref. 8, p. 83): 

 
 
Net electricity and heat production efficiencies (production - own consumption), 2001 data 
(ref. 8, p. 196): 
 
 Minimum Average Maximum 
Electricity 8.7 % 13 % 18 % 
Heat 29.9 % 58.8 % 72.7 % 
 
The above data are based on 8 plants. Several plants produce more than 20% electricity net. 
The below net efficiencies are from Dutch MSW-plants in 200550: 
 
Electricity  13% 14% 12% 7% -5% 17% 23% 21% -4% 20% 16%
Heat 16% 13% 0% 0% 18% 21% 0% 2% 72% 0% 0%

 
Efficiencies of future plants have been estimated as follows (ref. 1): 
2004: Electricity 19.5 %; heat 65.4 %. 
2010-2015: Electricity 23.9 %; heat 71.1 %. 
2020-2030: Electricity 26.0 %; heat 71.0 %. 
 
The design and operation of MSW plants varies greatly. For example, in Sweden and Denmark, reve-
nues gained from the combined sales of thermal energy and electricity enable relatively low gate 
fees51. Actually, in Sweden, the generation of electricity is often not implemented in the face of con-
siderable revenues for heat recovery. In other countries, support for electricity production has encour-
aged electrical recovery ahead of heat recovery, e.g. UK, Italy, and Spain (ref. 8). 
 
It therefore makes little sense to define one global norm for the operation, and users of the REcalcula-
tor should take care in setting appropriate input parameters. Default values for operation have been set 
to 5000 hours/year in cogeneration mode and 2000 hours/year in electricity-only mode.  
 
In the Netherlands, the average availability is 94% (8200 hours/year), while the average 
number of equivalent full-load production hours is 6500 hours/year52.  

                                                      
50 Afvalverwerking in Nederland, Gegevens 2005, SenterNovem, Uitvoering Afvalbeheer 2006 (Waste Process-
ing in the Netherlands); not publiced. Negative values are plants that do not produce electricity; therefore their 
own use of electricity is considered as negative. Future plants in Amsterdam aim at higher efficiencies. 
51 Another reason for low power revenue in Sweden is the low cost of nuclear and hydro power. 
 
52 Afvalverwerking in Nederland, Gegevens 2005, SenterNovem, Uitvoering Afvalbeheer 2006 (Waste Process-
ing in the Netherlands); not publiced. Negative values are plants that do not produce electricity; therefore their 
own use of electricity is considered as negative. Future plants in Amsterdam aim at higher efficiencies. 

 117



 

 
 
Air emissions 
 
Emissions to air (ref. 8, p. 156): 
 
 Limits in 2000/76/EC, daily 

averages (mg/m3) 
Annual averages 
(mg/m3) 

Dust 10 0.1 – 4 
SO2 50 0.2 – 20 
NOx 200 20 – 180 
 
 
CO2 
 
Special paper written Mr. Bernt Johnke, Germany (ref. 12): 
 
The incineration of municipal waste involves the generation of climate-relevant emissions. 
These are mainly emissions of CO2 (carbon dioxide) as well as N2O (nitrous oxide), NOx 
(oxides of nitrogen), NH3 (ammonia) and organic C, measured as total carbon. CH4 (meth-
ane) is not generated in waste incineration during normal operation. 
 
The incineration of 1 tonne of municipal waste in MSW incinerators is associated with the 
production/release of about 0.7 to 1.2 tonne of carbon dioxide (CO2 output). The proportion 
of carbon of biogenic origin is usually in the range of 33 to 50 percent. 
 
In the proposed methodology to calculate emissions from waste incineration, the paper as-
sumes that CO2 emissions average 1 tonne per tonne of waste, and that the proportion of 
climate-relevant CO2 averages 0.415 tonne of CO2 per tonne of waste53. 
 
The calorific value of MSW is: 

Europe:  7,500 – 10,500 kJ/kg  
Japan:  5,000 – 10,500 kJ/kg 
USA:  9,000 – 15,000 kJ/kg 

 
The N2O emissions, in terms of CO2-equivalent, are less than 1% of CO2. 
 
 
Derived calculations 
 
Assuming a calorific value of 10,400 kJ/kg, the CO2 emission factor becomes: 
0.0399 tonnes CO2/GJ, rounded to 0.04 tonnes CO2/GJ. 
 
N2O emissions are ignored. 
 
 
Investment costs 

                                                      
53 In the Netherlands, the CO2 emissions average 1.03 tonne per tonne of waste, while the climate-relevant CO2 
averages 0.38 tonne of CO2 per tonne of waste (source: L.Bosselaar, T.Gerlagh Protocol Monitoring renewable 
energy, version 2006. SenterNovem, 2006; http://www.senternovem.nl/mmfiles/protocol2006%20-
%20English_tcm24-209344.pdf). 
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The following table (ref. 8, p. 15) illustrates how the capital costs of an entire new MSWI 
installation vary with the flue-gas and residue treatment processes applied (data from Ger-
many, 2003): 

 
 
Assuming the average net calorific value of 10.4 MJ/kg and the average electricity efficiency 
of 13%, the quoted specific investment costs for a 100 ktonnes/year plant converts to: 

Dry: 12 M€/MW 
Dry plus wet: 14 M€/MW 
Dry plus wet with residue processing: 17 M€/MW 

 
Investment costs of future plants have been estimated as follows (ref. 1): 
2010-2015: 6.3 M€/MW. 
2020-2030: 5.8 M€/MW. 
 
Operation and maintenance costs 
 
Fixed O&M (ref. 1, 2002 prices, converted to 2006 prices): 
2010-2015: 253,000 €/MW/year 
2020-2030:  232,000 €/MW/year 
 
Variable O&M (ref. 1, 2002 prices, converted to 2006 prices): 
2010-2015: 24 €/MWh 
2020-2030:  22 €/MWh 
 
 

 119



 

Income 
 
Gate fees in European MSW plants (EUR/tonne; ref. 8, p. 14): 

Belgium  56 – 130  
Denmark  40 – 70  
France  50 – 120 
Germany  100 – 350 
Italy  40 – 80 
Netherlands  90 – 180 
Sweden  20 – 50 
United Kingdom  20 – 40 

 
In Sweden and Denmark, gate fees are lower, at least in part, because of the revenue 
gained from the sales of thermal energy as well as electricity. 
 
Ignoring the extreme low and high gate fees, typical values would be something like: 
 
 Minimum Average Maximum 
Gate fee (EUR/tonne) 40 100 180 
Net calorific value (GJ/tonne) 10.4 10.4 10.4 
Gate fee (EUR/GJ), rounded 4 10 18 
 
In practice, the difference between low and high costs in the different countries depends on 
taxes etc. In Denmark the average gate fee (80 EUR/tonne) includes an incineration levy (44 
EUR/tonne). Adding transport costs of 13 EUR/tonne, the socio-economic value of MSW as 
fuel becomes 80 – 44 + 13 = 50 EUR/tonne, or 5 EUR/GJ54.     
 
On this background, a value of 8 EUR/GJ has been chosen as default value for the socio-
economic cost of MSW as fuel (waste transport and treatment). 
 
 

                                                      
54 Source: Danish Energy Authority, 2006. 
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12. Coal power 
 
Technologies 
 
Large base-load units with pulverised fuel (PF) combustion and advanced (super critical) 
steam data (Rankine cycle). Super critical steam data are above 250 bar and 560 oC. 
 
 
Technical data 
 
Technical lifetime (ref. 17): 40 years.  
 
Electricity efficiency in full condensation mode (ref. 9): 

2010: 52.5 %. 
2025: 55.0 %. 

These efficiencies are for Danish conditions, i.e. with access to sufficient amounts of rather 
cold cooling water. 
 
Electricity efficiency of BAT pulverized coal power plants, 2005 (ref. 21): 43 – 47 %. 
 
On this background, RECaBS uses the following default values: 

2010: 46 %. 
2025: 48 %. 

  
 
Investment costs 
 
Ref. 9 (price level 2002), super critical steam:  

2004  1,100 EUR/kW 
2010-15  1,200 EUR/kW 
2020-30  1,200 EUR/kW 

Note that the costs are predicted to increase from 2004 to 2010. This is due to the quite high 
costs of new steel alloys required to obtain higher steam data and thereby higher efficien-
cies. The higher investment costs are more than compensated by the increased efficiency, 
resulting in a lower cost of generated electricity.  
 
Ref. 10 (price level 2003), sub critical steam: 

Today  1,000 – 1,200 USD/kW 
2015-2030  1,000 – 1,150 USD/kW 

Ref. 10 describes super critical steam, but does not give economic data. 
 
Overnight construction costs, 2010 (ref. 17), 2003 prices: 1000 – 1500 USD/kW. 
 
As super critical steam is considered BAT, ref. 9 is chosen as most relevant source. 
 
 
Operation and maintenance 
 
Fixed O&M costs, 2010 and 2025 (ref. 9): 18200 EUR/MW/year 
Variable O&M costs, 2010 and 2025 (ref. 9): 2.0 EUR/MWh. 
 
Total O&M costs, 2010 (ref. 17), 2003 prices: 26000 – 57000 EUR/MW/year 
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Environment 
 
Air-borne pollutants (ref. 3): 

SO2:    8.0 g/GJ 
NOx:  40.0 g/GJ 
Particles (PM 2.555):    1.0 g/GJ 

 
 

                                                      
55 Particles less than 2.5 micrometers in size. 
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13. CO2 sequestration and storage 
 
Technologies 
 
CO2 capture and storage involves three main stages: 

1. Capture of CO2 from a power plant, fuel processing or industrial process. CO2 can 
be captured either before or after combustion. 

2. Transport of the captured CO2 by pipeline or tanker. 
3. Storage of CO2 underground (deep saline aqufers, depleted oil and gas reservoirs, 

and un-minable coal seams). 
 
Further technology development is needed (ref. 10). Thus, this technology is not yet com-
mercially proven, and therefore it may not comply with RECaBS requirements, at least for 
2010.    
 
In electricity generation, CO2 capture only makes economic sense in combination with large-
scale, high efficiency power plants (ref. 10). 
 
 
Technology data 
 
Capture efficiency varies for different technologies. A typical value for coal-fired technologies 
2010 – 2020 is 85% (ref. 10). 
 
CO2 capture is energy intensive and results in increased fuel use for electricity generation. 
Energy efficiency losses include CO2 compression. 
 
Generation efficiency decrease, pulverized coal power plant: 

2004:  8 – 13 % (ref. 22). 
2010: 8 – 12 % (ref. 10). 
2020-30:          3 % (ref. 23). 
2020:   5 – 8 % (ref. 10). 

 
On this background, RECaBS default values are: 

2010:  10 %. 
2025:   6 %. 

 
 
Total costs 
 
Today, the cost of CCS is estimated at between 40 and 90 USD per tonne of CO2 captured 
and stored. For the most cost-effective technologies, capture costs are 20 – 40 USD/tonne, 
with transport about 10 USD/tonne. By 2030, costs could fall below 25 USD/tonne for coal-
fired plants; the bulk of the cost is on the capture side (ref. 10). 
 
Since capture requires more energy use and thus leads to production of more CO2, the cost 
per tonne of CO2 emission reduction is higher than the cost per tonne of capturing and stor-
ing CO2. 
 
 
Investment costs at power plant 
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Additional investment need for CO2 capture, pulverized coal power plant: 
2004:  80% (ref. 22). 
2010-15: 50% (ref. 23). 
2020-30:  20% (ref. 23). 

 
 
Transport and storage costs 
 
Transport, 100 km pipeline (ref. 22 + 23): 

2004:  1 – 3 € per tonnes CO2. 
2010-15: 1 – 3 € per tonnes CO2. 
2020-30:  1 – 3 € per tonnes CO2. 

 
Large-scale pipeline transportation costs range from 1 to 5 USD/tonne of CO2 per 100 
km (ref. 10). 

 
Storage (ref. 22 + 23): 

2004:  1 – 3 € per tonnes CO2. 
2010-15: 1 – 3 € per tonnes CO2. 
2020-30:  1 – 3 € per tonnes CO2. 

 
 
Environment 
 
For SOx, NOx, and particles see the technology sheet for coal steam power. 
 
It is assumed that the CCS technology will capture and store 85% of the CO2 that would 
otherwise have been emitted. This imperfection includes possible leakages from the stores. 
 
In REcalculator, the CCS efficiency is handled by using an emission factor which is 15% of 
the emission factor for steam coal, i.e. 0.0147 tonne CO2 per GJ. 
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14. Natural gas combined cycle 
 
Technical data 
 
Technical lifetime (ref. 17): 20 - 30 years.  
Technical lifetime (ref. 9): 30 years.  
 
RECaBS default value: 25 years. 
 
Electricity efficiency in electricity-only / cogeneration mode (ref. 9): 

2010: 60 % / 56.2 %. 
2025: 61.5 % / 57.6 %. 

 
Electricity efficiency of BAT CCGT, 2005 (ref. 21): 54 – 58 %. 
 
 
Investment costs 
 
Ref. 9 (price level 2002), 100 – 400 MW:  

2004  350 - 700 EUR/kW 
2010-15  400 - 700 EUR/kW 
2020-30  400 - 700 EUR/kW 

Note that the costs are predicted to increase slightly from 2004 to 2010. This is due to the 
fairly high costs of new steel alloys required to obtain higher combustion temperatures and 
thereby higher efficiencies. The higher investment costs are more than compensated by the 
increased efficiency, resulting in a lower cost of generated electricity.  
 
Ref. 10 (price level 2003), 200 MW: 

Today  450 - 600 USD/kW 
2015-2030 400 - 500 USD/kW 

 
Overnight construction costs, 2010 (ref. 17), 2003 prices: 400 – 800 USD/kW. 
 
Converted to EUR/kW (price level 2006) and using linear interpolation: 
 
EUR/kW (2006) 2010 2025 
Ref. 9 627 627 
Ref. 10 501 457 
Ref. 17 590  
 
Ref. 10 is chosen as most relevant source as it is the most recent source. Also, the lower 
costs are in favour of a conservative approach with regards to promotion of renewable en-
ergy. 
 
 
Operation and maintenance 
 
Fixed O&M costs, 2010 and 2025 (ref. 7): 12500 EUR/MW/year 
Variable O&M costs, 2010 and 2025 (ref. 9): 1.7 EUR/MWh. 
 
Total O&M costs, 2010 (ref. 17): 12000 – 31000 EUR/MW/year 
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15. Nuclear power 
 
Technologies 
 
Generation II and III are in commercial operation today. 
Generation III are light-water reactors (LWR) and heavy-water reactors (HWR). 
Generation III differ from their predecessors in that they include ’passive safety’ features; in 
the event of malfunction, the first phase of accidents can be avoided without active interven-
tion. 
 
A generation III BAT would be the European pressurized water-cooled reactor (EPR), devel-
oped by the French company AREVA. It has the highest thermal efficiency of any LWR, 
36%. The first unit is being built at Olkiluoto in Finland, expected in operation by 2009. A 
second unit will be built at Flamanville, France. 
The capacity is more than 1600 MW, and it is expected to generate electricity at a lower cost 
than existing LWRs. 
 
Generation III+ (high-temperature gas-cooled reactors, HTGCR) can be applied by 2010. 
 
Generation IV (molten-salt reactors, MSR) is foreseen to be commercial by 2030. 
 
 
Technology data 
 
Technical lifetime: 40 years (ref. 17); 60 years (ref. 10). 
 
Power in Europe (ref. 25) quotes 12 forecasts of generation costs from nuclear power plants. 
8 analyses used a technical lifetime of 40 years, 3 analyses below 40 years, and one analy-
sis above 40 years. 
 
On this background, the RECaBS default value has been set to 40 years. 
 
Full-load duration: 8000 hours/year (ref. 10 + ref. 15). 
 
Power in Europe (ref. 25) quotes 12 forecasts of generation costs from nuclear power plants. 
5 analyses used a load factor between 81 and 85%, 4 between 86 and 90%, one lower than 
80% and 2 above 90%; mathematical average 87%. This is equivalent to 7600 hours/year. 
 
On this background, the RECaBS default value has been set to 7600 hours/year. 
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Investment costs 
 
Overnight investment costs (interest during construction excluded) of new nuclear power 
plants have been analysed by several sources (compiled by ref. 13), price level 2004: 
 
Source Overnight investment cost 

(EUR/kW) 
Massachusetts Institute of Technology, USA, 2003 1550 
Univesity of Chicago, USA, 2004 930 – 1395 
Royal Academy of Engineering, UK, 2004 1642 
General Directorate for Energy and Raw Materials, 
French Ministry of the Economy, Finance and Industry, 
France, 2003 

1413 

Ministry of Economy, Trade and Industry, Japan, 2004 2026 
Canadian Energy Research Institute, Canada, 2004 1525 – 1931 
Nuclear Energy Agency and International Energy 
Agency, OECD, 2005 

832 - 1945 

 
Typical overnight investment cost for new nuclear reactors are 1200 USD/kW for mature 
designs and 1500-1800 USD/kW for new designs (ref. 10, page 241). 
 
Overnight investment cost of generation III+ may drop below 1500 USD/kW (ref. 10, page 
134). 
 
Overnight construction costs (ref. 17): 
 

 
 
The Olkiluoto 3 plant (cf. above): 

• Approximately 3 billion EUR (ref. 15), price level 2003. 
• Not less than 4 billion EUR, due to time overruns (ref. 16).  

3 and 4 billion EUR are equivalent to 1,900 - 2,500 EUR/kW. 
 
On this background, the assumed investment cost of a BAT nuclear power plant (e.g. the 
EPR) is 2,200 EUR/kW in 2010. It is furthermore assumed that this price will remain un-
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changed until 2025, as technology improvements are counterbalanced by more tight safety 
measures. 
 
 
Operation and maintenance costs 
 
IEA (ref. 17, page 44) has estimated the total O&M costs in 2010 in 13 countries. Ignoring 
the two highest and the two lowest values, the range is 47 – 68 EUR/kW per year, with a 
mean value of 57 EUR/kW per year. 
 
Power in Europe (ref. 25) quotes 12 forecasts of generation costs from nuclear power plants. 
The range in O&M costs is 7 – 24 EUR/MWh, average 11.0 EUR/MWh. With 7600 
hours/year, this is equivalent to 83 EUR/kW per year. 
 
For the purpose of the RECaBS study, a default value of 70 EUR/kW per year has been 
assumed for both 2010 and 2025. 
 
Fuel costs 
 
A nuclear power plant does not purchase raw fuel, e.g. uranium. The natural uranium is con-
verted, enriched and fabricated into fuel rods before delivered to the power plant. Also, the 
power plant must cover costs of fuel reprocessing and disposal of fuel wastes. Therefore, the 
full fuel cycle costs shall be included, when calculating the electricity generation costs. 
 
IEA (ref. 17, page 44) has estimated the ‘front end’ and ‘back end’ of nuclear fuel cycle costs 
through questionnaires to its member countries. At 5 % discount rate the results are summa-
rized in the below table: 
 
 Front end Back end Total 
Minimum 2.00 0.70 3.57 
Maximum 5.88 5.88 11.76 
Average 3.69 2.08 5.21 

 Nuclear fuel cycle costs (USD/MWh, 2003 price level) 
 
With electricity generation efficiencies of 30-35% the total costs convert into 0.29 – 1.12 EUR 
per GJ fuel (average 0.46 EUR/GJ). 
 
Power in Europe (ref. 25) quotes 12 forecasts of generation costs from nuclear power plants. 
The range in fuel costs is 1 – 17 EUR/MWh, average 6.0 EUR/MWh. With electricity genera-
tion efficiencies of 30-35% this converts into 0.50 – 0.59 EUR per GJ fuel (mean value 0.55). 
 
The uranium market price is quite volatile, increased six-fold from January 2001 to May 2006 
(ref. 4): 
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Current indications are that prices may increase substantially in the future (e.g. 
www.uxc.com and www.uic.com).  
 
On this background the RECaBS default values have been set to 0.50 EUR/GJ for 2010 and 
0.70 for 2025. 
 
 
Total basic costs 
 
Power in Europe (ref. 25) quotes 12 forecasts of generation costs from nuclear power plants. 
The range in generation costs (cost of capital, O&M, fuel and decomissing is 24 – 79 
EUR/MWh, average 48 EUR/MWh. 
 
 
Environmental costs 
 
The below assessment is based on ref. 3, which is quoting ref. 24. 
 

1. Beyond design accidents (e.g. reactor meltdown): 2.7 €/MWh. 
2. Storage of radioactive waste: Ignored as considered negligible. 
3. Radioactive emissions from mill tailings (in particular Radon 222): 1.8 €/MWh. 

Total environmental costs: 4.5 €/MWh. 
 
 
System integration costs 
 
A rough estimate has been made as follows: 

1. Additional infrastructure: 130,000 €/MW in initial investment. With 8000 hours/year 
over 50 years, this is equivalent to 0.33 €/MWh. 

2. Power balancing: No need. 
3. Additional reserve capacity: 260,000 €/MW in initial investment. With 8000 

hours/year over 50 years, this is equivalent to 0.66 €/MWh. 
4. Reduced capacity value: As first priority base-load plants nuclear power plants inflict 

capacity constraints on the system and other suppliers (the generation time-profile 
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differs much from the electricity demand time-profile). The cost hereof is estimated 
equivalent to that of wind turbines, 2.70 €/MWh (ref.. 1). 

Total cost: 3.68 €/MWh. 
 
Decommissioning costs 
 
Decommissioning costs have been analysed by ref. 14 (page 53 – 65), USD/kW in price 
level 2001:  
 
 Min Average Max 
Pressurized water reactors (PWR) 200 320 500 
VVERs 220 330 440 
Boiling water reators (BWR) 300 420 550 
Pressurized heavy water reactors 
(PHWR) 

270 360 435 

 
The above mentioned costs are undiscounted costs, i.e. what decomissioning would cost 
today if the expenses were incurred at present. The costs do not depend of the timing of 
decommisioning activities. 
 
With a technical lifetime of a nuclear power plant of 40 years, the decommissioning costs will 
not appear before 40 years. With a discount rate of 5 % per year, the present value of 500 
USD/kW, would be 70 USD/kW (150 and 10 USD/kW with discount rates 3 % and 10 %). 
Compared with overnight construction costs ranging from 1100 to 2500 USD/kW (cf. the 
figure page 2), the decommissioning costs are well below this level of uncertainty, and de-
commissioning costs are therefore ignored by the present analysis56. 
 
 

                                                      
56 If one would argue for a zero discount rate, the present value of decommmisioning costs becomes 500 
USD/kW, which is not insignificant. In this case the initial investment cost would need to be raised corre-
spondingly. 
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Annex B: The REcalculator User’s Guide 
 
From the front page (www.iea-retd.org) you can – at the top bar – continue to the REcalcula-
tor or to a Downloads page.  
 
At the Downloads page all technology data are presented in separate files, each named 
‘Tech sheet – xxx’. The page also contains files with information on externalities that may be 
included in the calculations – these are all names ‘Externality – xxx’. Finally, there are files 
general information. 
 
The main screen of the REcalculator is shown below: 
 

 
 
The right part of the screen shows the calculation results, here with preset default parame-
ters. 
In this case, coal generated electricity is more expensive than wind generated electricity, 
both in 2010 and 2025, when all externalities are taken into account. 
 
By placing the cursor on the graph you can see the values in €/MWh. In the lower left corner 
you can select to do the calculations in any of the currencies of the countries participating in 
RETD. 
 
You can choose between three views:  

• Data View (the data behind the graph). Separate data sheets for 2010 and 2025. 
• Graph Total (total costs in black and white).  
• Graph Details (cost elements shown in colours, as shown above). 
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If you want to return to an earlier view, click the ‘Back’ icon in the lower left corner. Do not 
use the usual green arrows at the upper left corner of the internet browser. The interactive 
nature of the website does not comply with the ways that most browsers function.  
 
In the left part of the screen you can adjust the calculation to your own needs. 
 
 
Technologies 
 
If you wish to study another technology, say biomass (large), you just drag and drop this 
particular technology from the left grey box to the right grey box. The graph will change im-
mediately. 
 
Please note that on some internet browsers this drag-and-drop only functions, if you have 
scrolled to the top of the page. 
 
You can also remove a technology from the calculation, just drag and drop the technology 
from the right grey box to the left grey box. 
 
For presentation reasons, you can compare maximum six technologies in one calculation. 
 
Read about the technologies and the justification for the selected data: Download technology 
sheets from the download page.  
 
You are also welcome to request the information by sending an email to recabs@eaea.dk. If 
you have comments to the presented input data, you are invited to submit your comments to 
the same address.  
 
 
Basic costs 
 
The costs of electricity generation are calculated as a socio-economic balance between 
long-term marginal costs and benefits. The socio-economic calculation ignores all taxes and 
subsidies. On the other hand, it may include external costs, which have no direct impact on 
the financial viability of a project, e.g. environmental costs. 
 
The basic costs are the costs without any external costs. Included in the basic costs are: 

• Investment costs (million EUR pr. MW) 
• Operation and maintenance (O&M) costs expressed by two components: The fixed 

O&M in EUR/MW/year and the variable O&M in EUR/MWh. 
• Fuel costs 

 
You may download a document explaning the methodology and all the underlying assump-
tions at http://www.iea-retd.org/downloads
 
At the main screen, you can change fuel prices and the discount rate. By clicking on the 
icons at the right end of the ’Fuel price’ and ’Discount rate’ bars, you can read about these 
parameters and also change the values. 
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Economic value of externalities 
 
At the left bottom corner of the main screen you can select which externalities to include in 
your calculation. All externalities are included, when the calculation begins. 
 
You select/deselect externalities by clicking (  v   ) or by clicking the equivalent fields above 
the graph. 
 
You can read brief explanations about the externalities by clicking the icons at the right end 
of the bars. 
You can also download a more detailed explanation in the Downloads section. 
 
 
Other facilities 
 
REcalculator remembers all the changes you have made, also while you visit sub-pages or 
change views.  
 
If you have changed several values and you want to start again with the preset default val-
ues, you can reset the calculation by clicking ‘Reset’ at the lower left corner. 
 
At a later stage it will be possible to download a spreadsheet program including all data and 
calculations shown on the website. Then you will also be able to carry out calculations off-
line. 
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Annex C: IEA consultation 
 
All relevant parties within IEA’s Energy Technology Agreements (Implementing Agreements) 
have been invited to comment the technology descriptions and data. The invitation has been 
sent to the following representatives: 
  
Technology Agreement Contacted person 
Wind turbines, onshore Wind Turbine Systems Ana Estanqueiro, PT (EC) 
Wind turbines, offshore Wind Turbine Systems, 

spec. Task 23 
Ana Estanqueiro, PT (EC) 

Solar photovoltaics PV Power Systems, spec. 
Task 10 

Stefan Nowak, Ch (TL) 

Concentrating solar ther-
mal power 

SolarPACES, Task 1 Mark Mehos, USA (OA) 

Biomass, large combus-
tion 

Bioenergy, spec. Task 32 Sjaak van Loo, NL 

Biomass and coal co-
firing, large scale 

Bioenergy, spec. Task 32 Sjaak van Loo, NL 

Biomass gasifier, small 
scale 

Bioenergy, spec. Task 33 Suresh Babu, USA (TL). Law-
rence J. Russo (OA). 

Biogas, centralized plants Bioenergy, spec. Task 37 Arthur Wellinger, CH 
Hydropower, small scale Hydropower, Task 2 Jean Paul Rigg (EC); 

Philippe Beutin (OA Task 2) 
Municipal solid waste, 
incineration 

Bioenergy, spec. Task 36 Niranjan Patel, UK 

Coal power IEA Clean Coal Centre John Topper (OA) 
Coal power + CO2 cap-
ture and storage 

IEA Greenhouse Gas Harry Audus (OA) 

Natural gas combined 
cycle gas turbine 

IEA Greenhouse Gas Harry Audus (OA) 

Nuclear power OECD’s Nuclear Energy 
Agency 

Evelyne Bertel (Analyst) 

EC: ExCo Chairperson; TL: Task Leader; OA: Operating Agent. 
 
The result from this consultation process has been modest, with only three contributions to 
the factual contents. Besides suggested amendments to data and information, the overall 
comments have been: 

o CHP is too prominent among the technical options 
o Why not large-scale hydropower or tidal energy 
o Nuclear is not cheaper than coal 
o Coal is cheaper than wind, even if externality costs are included 
o Externality costs are not sufficiently defined 
o Some technology sheets need to be more informative  

 
Comments received from other parties: 

o Very useful tool, but more customization features needed 
o Appropriate tool for educational purposes at high-school and university level 
o An awesome tool; great for quick comparative analyses 

 134



 

Annex D: Cost estimation methodology 
 
The adoption of a standardised methodology for cost calculations is a prerequisite for a fair 
comparison between different technology options. The constant-money levelised lifetime 
cost method was adopted to calculate the generation cost estimates in the REcalculator tool 
and in this report. This annex explains the rationale for the approach, provides the equations 
used for calculating levelised costs, and describes the parameters needed for the calcula-
tions. 
 
The method is relevant for comparing alternative options for electricity generation and as-
sessing their relative competitiveness within a comprehensive and transparent framework. It 
provides robust cost estimates for different generation sources and technologies that can 
serve as a reference for more detailed case-specific studies. 
 
The method does not reflect investors’ perception of financial risk, and it does not replace a 
full electricity system cost analysis that would be carried out in support of expansion plan-
ning. Since cost calculations are carried out with generic assumptions for key parameters, 
the results are not comparable with the outcomes of economic studies performed by inves-
tors or plant owners to support their decision-making process on a specific project. Neverthe-
less, the projected costs provided by this study are of interest to investors for benchmarking 
purposes. 
 
The method calculates costs on basis of net electricity supplied by a single power generation 
unit to the station busbar, where electricity is fed to the grid. The net electricity equals the 
generated electricity minus own consumption. 
 
Similar terms for levelised lifetime cost - with same meaning: 

o Long-term marginal cost of electricity, LMCE (see below) 
o Life cycle cost of electricity, LCOE 

 
A discount rate is used for discounting (reducing) future expenditures and incomes to their 
present values (in a specific base year). The current version of REcalculator uses 2006 as 
base or year. 
 
Applying a discount rate takes into account the time value of money, i.e. money spent in the 
past or in the future does not have the same value as money spent today. The higher dis-
count rate, the lower present value of future payments. 
 
The discount rate that is considered appropriate for the power sector may differ from country 
to country, and, in the same country, from utility to utility. The discount rate may be related to 
rates of return that could be earned on typical investments; it may be a rate required by pub-
lic regulators incorporating allowance for financial risks and/or derived from national macro-
economic analysis; or it may be related to other concepts of the trade-off between costs and 
benefits for present and future generations. 
 
In many countries the government, e.g. the ministry of finance, prescribes which discount 
rate must be used for assessing public investments and for economic assessments of pri-
vate investments. The reason for the political stipulation of the discount rate is that it enables 
government to determine how financial resources shall be allocated for various short-term 
and long-term investments. If, for example, a government favours renewable energy tech-
nologies (e.g. hydro- or wind-power with high investment costs and long-term benefits) it 

 135



 

should set a low discount rate, so that the future benefits may out-balance the high initial 
costs.  
 
In real life, any payment is done in current prices or market prices, with the present value of 
the monetary unit at that particular time. Economic assessments are usually carried out in 
fixed prices, the value of money in a specific year (therefore the term ‘constant-money’). A 
general price index is used to convert from current prices to fixed prices. 
 
Example: The investment cost of a power plant was 200 million US dollars in 2002. With 
price indices of 241 in 2002 and 279 in 2006 (corresponding to an average inflation rate of 
3.73 % per year), the investment cost in 2006 prices would be: 
 
       

54.231
241
279200 =⋅      million US dollars. 

 
 
If the discount rate is 9 % per annum in current prices (the so-called nominal discount rate) 
and the inflation rate is 4 % per annum, the discount rate in fixed prices is: 
 
 

81.41001
)4100(
)9100(

=⋅
⎭
⎬
⎫

⎩
⎨
⎧

−
+
+

           % per annum 
 
 
The REcalculator uses a discount rate of 5% per annum as default value, as did IEA’s En-
ergy Technologies Perspectives 2006. IEA’s regular ’Projected costs of Generating Electric-
ity’ uses two discount rates: 5% and 10%. 
 
All costs falling on the generator, i.e. that would influence its choice of generation options, 
are taken into account. External costs that are not borne by the generator are excluded. 
 
Applied to electricity generation costs, the levelised cost method provides costs per unit of 
electricity generated which are the ratios of total lifetime expenses (net present value) versus 
total expected electricity generation, the latter also expressed in terms of net present value. 
Those costs are equivalent to the average price that would have to be paid by consumers to 
repay the investment cost, operation and maintenance and fuel expenses, with a rate of 
return equal to the discount rate. 
 
The net present value of an investment is the sum of all present and future payments (nega-
tive) and all present and future income (positive). All future payments and income are dis-
counted by means of the discount rate.  
 
Example: Suppose you are investing € 10,000 today and that you will receive an annual 
income of € 5,000 in the three years that follow. Assuming an annual discount rate of 10 
percent, the net present value of this investment is: 

€24343757413245451000050005000500010000 =+++−=+++−=NPV
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The formula applied to calculate, for each power plant, the levelised electricity generation 
cost (EGC) is the following: 
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where: 

 
EGC  = Constant-money levelised lifetime electricity generation cost (€/MWh) 
N  = Technical lifetime of the power plant (years) 
n  = The year when the actual costs are incurred (from 1 for the first year of operation 

to N for the final year of operation) 
In  = Investment expenditures in the year n (€); includes reinvestment and other major 

rehabilitation costs not accounted for as maintenance costs 
OMn  = Operation and maintenance expenditures in the year n (€) 
Fn  = Fuel expenditures in the year n (€) 
r  = Discount rate (% per year) 
En  = Net electricity generation in the year n (MWh) 

 
As most of the expenditures occur in multiple instances during the course of the year, rather 
than one single event, annual costs may be assumed to occur mid-year for discounting pur-
poses. 
 
Fuel expenditures should include the anticipated escalation rate of fuel prices. Similarly, 
increases in staff salaries should be included as part of operational costs.  
 
Technical and economic assumptions underlying the results are transparent, and the method 
allows for sensitivity analysis showing the impact of different parameter variations on the 
relative merits of the alternative technologies considered. 
 
 
Economic costs 
While a financial analysis is limited to concerns of a private investor, the economic analysis 
usually includes benefits and costs that are beyond a business decision focusing on income 
generation. The economic analysis views a project from a national benefit and allocation of 
resources perspective. Therefore, the economic analysis ignores all taxes and subsidies. On 
the other hand, it may include external costs, which have no direct impact on the financial 
viability of a project, e.g. environmental costs. The economic analysis is mostly used by gov-
ernment agencies and national and international financing institutions in order to justify sub-
sidies, favourable loans or other ways of special treatment. 
 
The economic fuel cost is the cost value, which is used in economic analyses. The value 
represents what the fuel is worth for the society, stripped of any subsidies and taxes. The 
financial fuel cost is the price at which it is sold and purchased, including all subsidies, taxes 
etc. 
 
For all fuels, the total cost includes the cost of production, the cost of treatment/conversion, 
transportation costs, administrative costs and a reasonable profit. For comparative reasons, 
all prices of imported fuels should be stated at local harbour, at national border or from refin-
ery. Domestic fuels should be stated from supplier. 
 
For internationally tradable fuels, the economic costs are normally considered equal to the 
world market prices. The reason for this is that any fuel demand can be met by import at 
world market prices, and any surplus of domestic fuel production can be sold internationally 
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at world market prices. Imports are valued on c.i.f. (cost, insurance and freight) basis, that is, 
the value of the goods at the customs frontier, including all charges for transport and insur-
ance whilst in transit, but excluding the cost of unloading from the carrier unless it is borne 
by the carrier. 
 
 
Marginal costs 
When a new generator is commissioned, it replaces power from the power plant with the 
highest operational costs. This is called the marginal costs. The short-term marginal costs 
correspond to what is being immediately saved in the power system, i.e. fuel costs and vari-
able operation and maintenance costs (maybe also energy losses). If, currently, there is 
excess capacity, and therefore no immediate need for capacity additions, the marginal ca-
pacity costs will be zero. The long-term marginal costs encompass all costs (capacity costs 
and operational costs) required to sustain the system. 
 
Often the marginal costs are called avoided costs. First of all, fuel and operation costs are 
reduced – this is called avoided energy costs. The power system may furthermore avoid 
investment in new generation capacity – this is called avoided capacity costs. The short-term 
marginal costs equal the avoided energy costs, while the long-term marginal costs equal the 
avoided energy costs plus the avoided capacity costs. 
 
REcalculator assumes that all investments are made in situations with an immediate need 
for capacity additions. Thus, REcalculator employs the long-term marginal costs principal, 
which is the same as the constant-money levelised lifetime cost method. 
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