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According to the Kyoto protocol, the European Union
has committed itself to greenhouse gas (GHG) reduc-
tion of 8% within the EU by the years 2008-12, as
compared with 1990. Renewable energy sources
(RES) are expected to play an important role in the
implementation of these GHG-targets. In its White
Paper on a strategy for the development of renewable
energy, the European Commission has set a goal of sup-
plying 12% of the European Union’s energy consumption
by the year 2010 (a doubling from the 6% level in
1997) from renewable sources, mainly from biomass,
hydropower, wind power, and solar energy. Biomass
and wind power are expected to be the main sources
of growth (European Commission, 1997). 

Within these total energy targets, the generation of
electricity is a key factor. In 2001, after more than four
years of negotiation, an EU Directive (2001/77/EC) on
the promotion of electricity from renewable energy
sources (the Renewables Directive) was adopted.
Accordingly, each Member State should have a specified
proportion of electricity generated from renewables in
2010, as related to each country’s consumption of
electricity. Although not binding, it seems that these 
targets are now accepted by the EU Member States. 

The Commission is prepared also for new mandatory
targets if the overall indicative target seems unlikely to
be met. The Directive not only indicates that renewable
energy technologies are serious options for achieving
the targets for GHG-reduction, but it also recognises
other benefits of renewables, as quoted below:

”The potential for the exploitation of renewable energy
sources is underused in the Community at present.
The Community recognises the need to promote
renewable energy sources as a priority measure given
that their exploitation contributes to environmental
protection and sustainable development. In addition
this can also create local employment, have a positive
impact on social cohesion, contribute to security of
supply and make it possible to reach Kyoto targets
more quickly. It is therefore necessary to ensure that
this potential is better exploited within the framework
of the internal electricity market.”
(...)
”The promotion of electricity produced from renewable
energy sources is a high Community priority as 
outlined in the White Paper on Renewable Energy

sources for reasons of security and diversification of
energy supply, of environmental protection and 
economic cohesion.”

According to Article 4 of the Renewables Directive,
the European Commission shall, no later than
October 2005, evaluate the support mechanisms
used to promote renewable technologies in Member
States. This evaluation will detail the successes,
including cost-effectiveness, of the various support
systems and will, if necessary, be accompanied by a
proposal for a community-wide framework for 
support schemes for RES electricity. According to
the Directive, any proposal for a framework should:

(a) Contribute to the achievement of the national
indicative targets; 

(b) Be compatible with the principles of the internal
electricity market; 

(c) Take into account the characteristics of different
sources of renewable energy, together with the
dif ferent technologies, and geographical 
differences; 

(d) Promote the use of renewable energy sources
in an effective way, and be as simple and, at
the same time, as efficient as possible, 
particularly in terms of cost; 

(e) Include suf ficient transitional periods for
national support systems of at least seven
years and maintain investor confidence.

According to Article 8 of the Renewables Directive,
the European Commission shall, no later than 
31st December 2005, present a summary report to
the European Parliament and the European Council
on the implementation of the Directive. The report
shall:
• consider the progress made in reflecting the external

costs of electricity produced from non-renewable
energy sources and the impact of public support
granted to electricity production,

• take into account the possibility for Member States
to meet the national indicative targets established
in Article 3(2), the global indicative target referred
to in Article 3(4) and the existence of discrimination
between different energy sources,

• if appropriate, the Commission shall submit with
the report further proposals to the European
Parliament and the Council.

1. Background
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During the many years of negotiations that led to the
final adoption of a Directive for the promotion of elec-
tricity from renewable energy sources, the issues of
harmonisation and choice of mechanism were keenly
debated. That debate is expected to reawaken in the
second half of 2005 with the publication of the
European Commission’s article 4 and article 8
reports.

Other important regulations are the Community 
guidelines on State aid for environmental protection
(2001/C37/03). These determine the conditions
under which State aid may be regarded as necessary
to ensure environmental protection and sustainable
development, including rules and options applicable
for renewable energy sources. The current guidelines
will come to an end on 31 December 2007. 
Article 6 of the Treaty establishing the European
Community, the ‘EC Treaty’, establishes that environ-
mental protection requirements must be integrated
into the definition and implementation of the
Community policies and activities, in particular for 
promoting sustainable development. The term 
sustainable development is generally defined as 
“development that meets the needs of future generations
without compromising the ability of future generations to
meet their own needs” (Brundtlandt 1987).

Furthermore, it is established in article 174 of the EC
Treaty, that the Community bases its policy for the
environment on the principles that (i) preventive
action should be taken, (ii) environmental damage
should, as a priority, be rectified at source and (iii) the
polluter should pay. Applying these principles to 
electricity generation, the implications are that the
production of electricity should not pollute and that it
is the electricity producers’ responsibility to prevent
pollution. If the producers do pollute, they should pay
an amount equal to the costs of the damage the pro-
duction causes to society as a whole. The concept of
‘internalisation of costs’ means that all environmental
costs associated with production should be included
in company production costs and consequently the
prices companies charge should reflect these costs.

1.1 Objective
The main objective of the RE-XPANSION project is to
evaluate the various support schemes for RES, 
including, inter alia, the impacts of such schemes on
the development of renewable technologies. Thus, the
project is intended to provide valuable background
information in the form of economic analysis in 

assisting the European Commission in its evaluation
process.
The expansion of RES-E in Europe will entirely depend
on the conditions in place at national level and EU
level. Unless stable conditions for investments exist,
it will be impossible to meet the EU’s goals. As the EU
is gradually moving towards the creation of an Internal
Market for RES-E, the need for harmonisation and
removal of barriers to trade becomes increasingly 
evident. RE-XPANSION is trying to bridge the gaps
between the theoretical economic analysis of possible
European-wide systems, the regulatory framework and
the participants in the renewable energy industries. 

Increasing the amount of RES-E in the EU is a great
challenge, considering the need for compatibility with
the emerging Internal Electricity Market, itself 
characterised by market failures, oligopolistic 
behaviour and trade barriers. The main objectives of
the RE-XPANSION project are to:

• Analyse current and needed regulatory environment,
and identify trade barriers.

• Simulate the effects on RES-E development of a
European-wide framework based on various support
mechanisms such as investment subsidies, fixed
feed-in tariffs, fixed premium, taxes, tendering and
Tradable Green Certificates.

• Analyse the investment behaviour of stakeholders
such as developers, financiers and manufacturers
and derive requirements for stable conditions in the
RES-E market.

• Evaluate how a European-wide framework for 
promotion of RES-E could develop, while taking into
account the EU’s intention to internalise external
costs of electricity generation, and meets its 
targets.

• Identify pitfalls and recommend best practice 
guidelines for the development of a European-wide
framework.

• Develop an action plan for practical implementation
of selective support mechanisms, taking into 
consideration existing trade barriers and 
stakeholder behaviour and requirements.

• Disseminate results and recommendations.
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2. Current status of renewable electricity in the EU

Figure 2.1

EU-25 Electricity Production Mix 20031

(proportions of total electricity dispatched)

Figure 2.1 illustrates the proportions of electricity
sent out in the EU’s electricity market in 2003,
according to the various types of generation.
Electricity from renewable energy sources (RES-E)
accounts for at least 13.8% in the enlarged European
Union (EU-25).

At an EU-15 level, Figure 2.2 indicates the historical
development of RES-E from 1990 to 2004, with (left)
& without (right) hydropower; this shows that large-
scale (> 10 MW) hydropower is the dominant supply,
as predominantly established before the 1970’s.
Figure 2.2 shows the quantity of RES-E supplied,
which varies according to both the capacity installed
and the annual meteorological conditions. Noteworthy
are (i) the natural variations in annual RES-E supplied,
e.g. hydropower2 , and (ii) the large yearly growth rates
of electricity from new RES-E technologies, such as
wind power (by 2004 wind power accounted for 53%
of all non-large hydro renewable electricity, 16% of
total renewable production, including large hydro, and
2.6% of total electricity consumption.

Figure 2.2

Electricity generation from RES in EU-15 countries
from 1990 to 2004 – including (left-hand side) &

excluding (right-hand side) hydro

Source: Green-X model run; Own investigations; Eurostat (2003).

The following figures provide some insights into the
country-specific situation. For each EU-15 country in
2004, Figure 2.3 compares (i) the total electricity 
consumption, and (ii) the amount of electricity 
generated from RES-E. In Figure 2.4, the countries are

1 Compiled by EWEA using data from the European Commission, COM(2004)366; Eurostat; IEA World Energy Outlook 2004; EWEA.
2 Compare, e.g. the decrease of electricity generation from hydropower on EU-15 level from 2001 to 2002 as depicted in Figure 2.2 (above). In contrast to generation,

installed capacity has grown slightly in the same period. 
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ranked by their share of RES-E (N.B. in effect, this
relates to per capita consumption of electricity, which
is a more meaningful presentation than is national
totals, since the latter ignores population size). Two

countries, Austria and Sweden, generate more than a
third of electricity from these sources; while in other
Member States RES-E represents a much smaller
proportion. 

Figure 2.3

National electricity generation from RES (including large hydro) in EU-15 countries in 2004, 
for comparison with total national electricity consumptions

Figure 2.4

EU-15 countries ranked by the proportion of RES-E (with large hydro) within total electricity consumption 
in 2004; also shown, the proportions without large hydro

Source: Green-X model run; Own investigations; Eurostat (2003); Mantzos et al. (2003).
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A detailed breakdown of RES-E generation in 2004
(excluding large hydro) is depicted in Figure 2.5. This
shows the proportions of generation from the various
technologies in absolute (above) and relative (below)
terms, both by country and (right) for the total EU-15.
Wind (onshore), small hydro, biomass and (the
biodegradable fraction of) municipal solid waste (MSW)
were the most significant in 2004 at national scale. 

Note (i) the large proportions of wind power in
Denmark, Spain, and Germany, (ii) the significant 
contribution of geothermal power in Italy, and (iii) the
relatively large proportion of RES-E generated from
biomass in Finland and Sweden, (iv) the dominance of
small-scale hydropower in Austria, Italy and
Luxembourg.

Figure 2.5

Technology-specific breakdown of RES-E generation (excl. large hydro) in 2004: 
Electricity generation by RES-E category in absolute terms by country (left) 

and relative terms (right) by country, and for total EU-15 (below)

Source: Green-X model run; Own investigations; Eurostat (2003).
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No electricity generation technology exists that 
completely avoids pollution or negative environmental
impact. Thus, the production of renewable energy
impacts the environment to some extent, which may
have negative effects. If there are financial impacts
on any citizen, it is ethically reasonable to make 
electricity generators (and hence their customers) pay
for the negative environmental impacts they cause.
However, such impacts may be difficult to quantify
(see the section of this report considering external
costs) and even more difficult to compensate to 
individuals. How do we pay the cost of lost coastal
ammenities due to sea-level rise from climate change,
on deteriorating health from air pollution or reduction
in value of property near a power plant?

This section illustrates how the theory of external
(social) costs and their internalisation may be used to
rank energy supply systems, with the aim of creating
a ‘level playing field’ for the competition between
renewable and conventional energy sources.

Energy supply impact on the environment, e.g. from
emissions of chemical pollutants into air, water and
soil, both at construction and during operation. Many
of these emissions cause accountable damage, such
as to human health, natural ecosystems and the built
environment. Such damage is termed the ‘external
effects’ of the energy supply, since the associated
‘external costs’ are not paid for by the owners of the
energy system, and hence are not passed on to the
consumers. Nevertheless, there is real expenditure
involved with the impacts, which has to be paid by
those affected. Such costs represent a cost to socie-
ty that are not paid for by the polluter that causes the
emissions (e.g. companies operating power plants).
Economists talk about “market failure” when such
unpaid external effects exist, because the market
fails to match socially desirable level of production
due to “false prices”.

If the polluter does pay adequately for the damage
caused, then this is referred to as the ‘internalisation
of external costs’. As long as external costs are not
internalised, the market mechanism cannot secure an
optimal allocation of resources. The prices of goods
with high associated external costs, are less than if
such costs were internalised, so there is over-
consumption of these goods, as compared to the 

3. External costs

optimal consumption for the welfare for society. Thus,
the internalisation of external costs is a necessary 
precondition of an optimal allocation of resources.

Figure 3.1 illustrates a substantial difference in the
specific external costs of competing electricity 
generating technologies (e.g. wind power per kWh and
conventional electricity generation per kWh).
Consequently, the apparently least-cost technology
(i.e. without internalising externalities) may actually
have the largest social costs (i.e. with externalities
internalised).

Economists argue that if external costs exist, public
authorities should make the producers incorporate
external costs in their (internal) production cost
accounting, in order to improve the welfare of 
society by an improved resource allocation, i.e. the 
internalisation of external effects.

Figure 3.1

Specific social cost of energy 
(eurocent/kWh electricity supplied)

Source: Wind Energy The Facts, EWEA, 2004.

A number of policy instruments exist so external
effects can be internalised and consequently 
producers of goods reduce their emissions to the optimal
social welfare level. When this level is achieved, the
market will allocate energy supply technologies
according to their social costs. The price for the good
(e.g. electricity) will then reflect its “true cost”.
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As a collaborative project between the EC and the US
Department of Energy, a joint research project was
launched in 1991 to assess the external cost of fuel
cycles. From the European side this project is known as
ExternE project, co-financed by the EC’s JOULE program. 

The principle objectives of the ExternE project were
(European Commission, 1994.):
• To develop a unified methodology for quantifying the

environmental impacts and social costs associated
with the production and consumption of energy 

• To use this methodology to evaluate the external
cost of incremental use of different fuel cycles in
different locations in the European union

• To identify critical methodological issues and
research requirements. 

The European Commission’s ExternE project on external
costs estimated that the cost of producing electricity
from coal or oil in the EU would double, and the cost
of electricity production from gas would increase by
30%, if external costs, in the form of damage to the
environment and health, were taken into account. This
study assumed average electricity production costs in
the EU were €0.04 per kWh. The study further 
estimated that the external costs amounted to 
1-2% of EU GDP or between €85 billion and €170 bil-
lion, not including the cost of global warming and 
climate change.

The effects of pollution on human health make up for
the second largest portion of external costs (after 
climate change). The results directly depend on the
population exposed. In Table 3.1 it can be seen that
countries of the EU, such as Austria, Belgium, France,
Germany, and Italy, and to a lesser extent Spain and
the UK, are exposed to the largest damages (evaluated
as € per tonne of pollutant emitted), whereas
Scandinavian countries have the least values.

3.1 The ExternE project
Much emphasis was placed on external costs in the
5th Environmental Action Programme launched in
1992 by the European Commission. In this pro-
gramme, external cost analysis was mandated before
implementation of policies of any kind. In its approach
for “getting the prices right”, the programme states:

“Economic valuations can help economic agents to
take environmental impacts into account when they
take investment or consumption decisions. Where
market forces are relevant, process should reflect
the full cost to society of production and consumption,
including the environmental cost.” (European
Commission Official Journal of the European
Communities, 1993. p.70).

The Fifth Environmental Action Programme formed the
environmental agenda for the last decade. Two major
principles underpin it (European Commission, 2003):

“First, the integration of the environmental dimen-
sion in all major policy areas is a key factor.
Environmental protection targets can only be
achieved by involving those policy areas causing
environmental deterioration”.

“Secondly, only by replacing the command-and-
control approach with shared responsibility
between the various actors, e.g. governments,
industry and the public, can commitment to agreed
measures be achieved”.

The White Paper on growth, competitiveness and
employment, and the White Paper on energy, also
show the growing interest in external cost analysis to
assist policy and decision making (European
Commission, 1997. p.8). 
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Table 3.1

Damage from air pollutants on human health
Country SO2 NOX Particulates

€/tonne €/tonne €/tonne
Austria 9,000 9,000 - 16,800 16,800
Belgium 11,388 - 12,141 11,536 - 12,996 24,536 - 24,537
Denmark 2,990 - 4,216 3,280 - 4,728 3,390 - 6,666
Finland 1,027 - 1,486 852 - 1,388 1,340 - 2,611
France 7,500 - 15,300 10,800 - 18,000 6,100 - 57,000
Germany 1,800 - 13,688 10,945 - 15,100 19,500 - 23,415
Greece 1,978 - 7,832 1,240 - 7,798 2,014 - 8,278
Ireland 2,800 - 5,300 2,750 - 3,000 2,800 - 5,415
Italy 5,700 - 12,000 4,600 - 13,267 5,700 - 20,700
The Netherlands 6,205 - 7,581 5,480 - 6,085 15,006 - 16,830
Portugal 4,960 - 5,424 5,975 - 6,562 5,565 - 6,955
Spain 4,219 - 9,583 4,651 - 12,056 4,418 - 20,250
Sweden 2,357 - 2,810 1,957 - 2,340 2,732 - 3,840
United Kingdom 6,027 - 10,025 5,736 - 9,612 8,000 - 22,917

Source: European Commission, 1999. 

The overall range from air pollutants in Europe is
1,027 to 15,300 €/tonne SO2, 852 to 18,000 €/tonne
NOX and 1,340 to 57,000 €/tonne particulates.

The fossil fuel cycles present the larger specific
external costs (coal & lignite, peat, oil, orimulsion and
gas), of which gas makes up the least. Electricity gen-
erated from renewable energy and nuclear fuels were
calculated to have less specific external costs than
from fossil fuel generation.

Concerning the nuclear cycle, the ExternE study
assumed, contentiously, that radioactive waste 
management and other potentially hazardous impacts
are well managed, so having small external cost now.
As the results on nuclear power plants are based on
calculations done for the ExternE Project, and as the

calculation of the underlying accident probabilities
and source terms have never been revealed to third
parties for analysis, these figures cannot claim similar
credibility as other estimates of external costs, where
all assumptions of the calculations are revealed, e.g.
the ExternE numbers seem to contradict the results
found in the German reactor safety study phase B,
that gives rather considerable source terms and acci-
dent probabilities for severe core melt down accidents
with containment rupture. (Gesellschaft für
Reaktorsicherheit, 1989). No assessment of external
costs was made regarding the military, terrorist and
security aspects of the nuclear fuel cycle, and neither
were delayed costs on future populations included.
Table 3.2 shows the main results of the ExternE study
in relation to the external cost of various energy
sources as eurocents/kWh.
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Table 3.2

Specific external cost of energy
Damage in eurocents/(kWh of electricity supplied)a

Country Coal & Oil &
Lignite Peat Orimul. Gas Nuclear Biomass Hydro PV Wind Waste 

AT 1.1-2.6 2.4 -2.5 0.004
BE 3.7-15 1.1-2.2 0.4-0.47
DE 3.0-5.5 5.1-7.8 1.2-2.3 0.44-0.7 2.8-2.9 0.14-0.33 0.05-0.06
DK 3.5-6.5 1.5-3.0 1.2-1.4 0.09-0.16
ES 4.8-7.7 1.1-2.2 2.9-5.2b 0.18-0.19 1.5-2.4
FI 2.0-4.4 2.3-5.1 0.8-1.1
FR 6.9-9.9 8.4-10.9 2.4-3.5 0.25 0.6-0.7 0.6 6.7-9.2
GR 4.6-8.4 2.6-4.8 0.7-1.3 0.1-0.8 0.51 0.24-0.26
IE 5.9-8.4 3.3-3.8
IT 3.4-5.6 1.5-2.7 0.34 4.6-7.7
NL 2.8-4.2 0.5-1.9 0.74 0.4-0.5
NO 0.8-1.9 0.24 0.23 0.05-0.25
PT 4.2-6.7 0.8-2.1 1.4-1.8 0.03
SE 1.8-4.2 0.27-0.3 0.004-0.7
UK 4.2-6.7 2.9-4.7c 1.1-2.2 0.24-0.27 0.53-0.57 0.13-0.15

a. Subtotal of quantifiable externalities (public health, occupational health, material damage, global warming)
b. Biomass co-fired with lignite
c. Orimulsion: 3.1-5.2

Source: European Commission, 1999. 

The ExternE results show that the assessed external
costs of negative impacts vary substantially between
countries. It is impossible to decide if these differences
are real, or due to differences in the methods of 
calculation or to actual error in calculation.

Figure 3.2 shows aggregated average specific external
costs (per kWh of all electricity produced from all
types of generation), for every country. Countries 
relying on fossil fuels have larger specific costs. Large
values occur where densely populated areas are
affected.

Figure 3.2

Average external costs of electricity production,
per kWh of electricity generated from all supplies

of the specified countries

Source: European Commission, 1999
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The study showed that fossil fuel cycles have significant
specific external costs, within which category the gas
fuel cycle has the least costs. In comparison with
electricity generation from any fossil fuel, generation
from renewable energy has less specific external
cost. Therefore countries or regions using much fossil
generated electricity have large specific external
costs, as with the former East Germany. These results
give guidance for energy policy decisions, showing
that fossil fuels contribute to the majority of the
health and environmental damages.

3.2 A comparison of the social costs of electricity
from wind, coal and gas

The results of the external cost analysis have generally
shown small specific external costs of renewable
technologies and substantial specific external costs
for fossil fuel generation technologies. We may define
the ‘internal’ costs as those costs presently recognised
in the market price of a good, i.e. costs that have
been internalised. Then by adding both the external
and the internal costs, we obtain the social costs. It
is then possible, for instance, to compare the social
costs of wind and conventional power. The comparison
is based on the ExternE results for the specific 
external costs, despite our reservations, previously
expressed, about the calculations regarding the full
life-cycle costs of nuclear power. Internal costs stem
from other sources which are cited at the appropriate
stage of analysis.

The specific external cost of wind energy from ExternE
ranges from 0.05 to 0.26 eurocents/kWh (see Table
3.2), i.e. less than one third of one eurocent per kWh
for the highest values.

In contrast, conventional fossil fuel technologies
are associated with substantial specific external
costs. Considering the coal fuel cycle, the values
calculated are of the same or double the order of
magnitude of the internal electricity cost of these
technologies, which are about 3 eurocents per kWh.
The lower and upper values of the coal specific
external cost are between 1.8 and 15 eurocents per
kWh (see Table 3.2). 

Assuming that the internal cost of producing a kWh of
electricity from coal is about 3 eurocents/ kWh on
average, the addition of the external costs from coal
production increases the specific social cost to
between 4.8 and 18 eurocent/ kWh, so resulting in
significantly larger ‘true’ costs of electricity to society.
Table 3.3 shows the specific social cost of coal and
gas power systems for Spain, Denmark and Germany
(multiplying these specific costs by the national kWh
consumption of electricity gives the total national
social costs). As can be seen, the specific external
cost for coal is larger than the internal cost by 60% to
500%. For the case of gas, the specific external cost
is less than the specific internal cost.

Table 3.3

Specific social costs of electricity from coal and gas power systems

Social Costa (Internal + Externalb)
Coal Gas

Costs Spain Denmark Germanyc Spain Denmark Germanyc

Internal costd

€cent/kWh 3.9 3.4 3.1 5.2 5.2 2.9
External cost
€cent/kWh 4.8 – 7.7 3.5 – 6.5 3.0 – 5.5 1.1 – 2.2 1.5 - 3.0 1.2 – 2.3
Total ‘social’ cost
€cent /kWh 8.7 – 1.6 6.9 – 9.9 6.1 – 8.6 6.3 – 7.4 4.7 - 8.2 4.1 - 5.2

a. Figures in the below table are given to 2 significant figures, although accuracy is probably no more than about +/- 10%.
b. The external cost was not converted into 2001 prices.
c. Germany coal and gas (combined cycle) cost is the calculation of this report. Source: Hohmeyer, 2000.
d. Projected avoided cost of conventional power includes 25% capacity credit for wind power, i.e. the intermittent wind power allows the requirement for conventional capacity to

be reduced by 25% of the wind power capacity.

Source: Coal prices from IEA/OECD updated to 2001 Euro prices
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If externalities were incorporated in the current 
market prices, the perceived cost of renewable 
energy would be practically unchanged, whereas the
perceived low cost of conventional technologies
based on fuel cycles would increase dramatically with
the incorporation of their external costs. Consequently
the renewable (clean) technologies would become
competitive in the energy market. The external cost of
energy gives the correct strategic indicators for 
energy policy decisions, recognising that fossil fuels
contribute to the majority of the health and environ-
mental damage.

3.3 “External benefits” of renewables not
accounted for

Current energy supply systems rely to a great extent
on non-renewable (i.e. finite) primary fuels (fossil
fuels and uranium). Consequently, the security and
reliability of present-day national energy supplies
depends predominantly on a steady supply of non-
renewable primary fuels. The very limited internalisa-
tion in electricity prices of the external costs men-
tioned above, and the failure to include full life-cycle
costs for the nuclear cycle, constitute a market failure
which puts renewal electricity production at a competi-
tive disadvantage as compared with fossil and nuclear
fuels.

In addition, renewable energy sources are further 
disadvantaged because the full benefits that RES-E
production causes are not internalised in the price
paid to producers either. Examples of these are: (i)
the overall strategic benefit of adding technologies
with zero or very small fuel price risk to an otherwise
risky electricity portfolio, (ii) avoided GDP loss from
the oil-GDP effect (Awerbuch 2003 and 2004), and
(iii) the benefits to society in the form of reduced 
electricity prices from adding more small marginal-
cost (zero fuel cost) technologies.

Fuel price volatility can adversely affect security of
supply and the functioning of economic systems.
Therefore, the risk of fuel price volatility and its 
possible impacts should also be incorporated into
external cost analysis. Because renewable energy
technologies do not rely on fossil fuels, they are not
impacted by volatility in fuel prices. Adding this risk
premium on current costs of fossil energy generation
changes the perception of renewable energy being an
expensive investment (Awerbuch, 2003). 

Production costs of wind energy are available for
Denmark on coastal and inland sites for a 600 kW
and 1000 kW wind turbine in constant 2001 prices.
The resulting specific social costs of wind energy in
Denmark are displayed in Table 3.4. The specific
external cost values are taken from Table 3.2.

Table 3.4 

Specific social (total) cost of wind energy per kWh
electricity generated

Wind energy Turbine Size 
Specific Cost 600 kW 1000 kW
Internal
€ cent/kWh 4.4 4.1
External 
€ cent/kWh 0.09 – 0.16 0.09 – 0.16
Total, Social Cost 4.5 – 4.6 4.2 – 4.3
1. The external cost was not converted into 2001 prices.
2. Social costs are given to 2 significant figures.

Source: ‘Wind energy the facts’, EWEA, 2004

Within the accuracy of the data (about +/- 10%), the
specific social costs of wind power are unchanged by
the inclusion of the very small external costs. Based
on this total social cost comparison, one can say that
the total social cost of wind energy is definitely com-
petitive, and usually much less, as compared with the
total social electricity costs from conventional power
plant. The social cost of coal for Denmark, as shown
in Table 3.3, ranges from 6.9 to 9.9 euro cent/kWh.
Figure 3.3 illustrates social costs estimated for coal,
gas and wind in Denmark. (Note, Denmark does not
have nuclear or hydroelectric indigenous power).

Figure 3.3

Specific social cost of electricity from coal, 
gas and wind
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Furthermore, research (Awerbuch 20043) suggests
that abating fuel imports by substituting renewable
energy supplies avoids significant ‘loss’ of GDP.
Awerbach calculated that a 10% increase in renew-
able energy avoids GDP losses in the range of $29-
$53 billion over the lifetime of the plant in the USA
and the EU, and $49-$90 billion for the OECD all
together. For the USA, the data suggest that each
additional kW capacity of renewables, on average,
avoids $250-$450 in GDP losses. The offset is worth
about $200/(kW capacity) for wind and solar, and
about $800/(kW capacity) for geothermal and bio-
mass.

Finally, society benefits generally (and consumer’s
benefit individually) from cheaper electricity prices
when large amounts of low marginal cost (zero fuel
cost) renewable electricity is produced. An example
occurs in Denmark, regarding wind turbine owners
operating in the NordPool power market (i.e. owners
of turbines older than ten years). It is estimated4 that
the average market price paid to these owners is 10%
less than the average power price when wind power is
not available. This is because general market prices
decrease when the conditions are windy, due to the
extra competition from wind power.

These examples of “external benefits” (or “negative
external costs”) of renewable energy technologies,
i.e. benefits to society of installing renewable energy
which do not generate income to the renewable pro-
ducers but give benefits to society, are not considered
further in this project. However, further insight into
these macroeconomic benefits of renewables should
be subject for further research. Thereafter, it should
be a minimum requirement to include these factors in
evaluations of both the costs and the benefits of
increasing RES-E.

3.4 Avoided emissions and external costs by 
utilising wind power

In practice, renewable generated electricity replaces
electricity generated by conventional fossil sources.
The benefits of renewables are the avoided damages
that result from avoided emissions from conventional
energy sources due to the replacement by renew-
ables.

The avoided damages are from air pollutants, such as
SO2 and NOX, and from anthropogenic climate change
resulting from CO2 and other emissions. The benefits
of this avoidance can be estimated by means of 
an external cost analysis. Thus, the benefits of 
renewables today and the potential benefits in the
future can be estimated. 
If the amount of electricity produced by conventional
energy systems that was replaced by electricity gen-
erated from wind turbines is known, it is possible to
calculate the cost of the avoided damage. The bene-
fits of wind energy equal these avoided costs.

By linking (i) the reported total electricity generation,
(ii) the electricity generation from wind energy of each
country and (iii) the conventional electricity generation
that, e.g. wind production replaces in the intermediate
load segment, the total avoided emissions (in kt/a) by
wind energy can be calculated.

Figure 3.4. and Figure 3.5. show specific avoidable
emissions by wind energy in 2000. The specific 
emissions are large in countries with much generation
from coal, and small where there is significant hydro
or nuclear power.

3 exploiting the oil-GDP effect to support renewables deployment, Shimon Awerbuch, 2004.
4 “Vindmøller og dansk klimastrategi - 2005 udgave”: ECON Analyse for Danish Wind Turbine Owners’ Association, 8. april 2005.



EWEA • THE EUROPEAN WIND ENERGY ASSOCIATION 

3. External costs

17

S
U

P
P

O
R

T
 S

C
H

E
M

E
S

 2
0

0
5

Figure 3.4 

Specific avoidable CO2 emissions in g/(kWh electricity generated) by wind energy in 2000, 
within the electricity supply systems of the named countries

a. Source of CO2 emission data: Ministry of Environment and Physical Planning: "National Programme for the Reduction of Greenhouse Gas Emissions", Athens (2002).
b. No emission data available.
c. All data are from 2002, source: EWEA (2003b).
d. Source of emission data: MVM, Hungary.
e. No data available.
f. Source of emission data: NEK, Bulgaria.
g. Source of emission data: TEAS, Turkey.

Source: EURELECTRIC (2002), Hohmeyer.

Figure 3.5 

Specific avoidable SO2 and NOX emissions in g/(kWh electricity generated) by wind energy in 2000; 
within the electricity supply systems of the named countries

a. no emission data available.
b. all data are from 2002, source: EWEA (2003b).
c. source of emission data: MVM, Hungary.
d. no emission data available.
e. source of emission data: NEK, Bulgaria.
f. source of emission data: TEAS, Turkey.

Source: EURELECTRIC (2002), Hohmeyer et al. 
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Figure 3.6 gives an overview of the avoidable external
costs by wind energy per kWh electricity generated;
there is a noticeable difference between the coun-
tries. In particular, some new Member States have a
large proportion of their electricity supply from plants
with very large specific emissions; consequently their

external costs of electricity generation are large. The
exact values of the avoidable external costs are
shown in Table 3.5. The ranges (low, medium and
high) relate to the lower (low), central and upper value
of the specific externalities per kWh electricity shown
in Figure 3.6.

Figure 3.6 

Avoidable specific external cost, in eurocents per kWh electricity, by the use of wind energy in 2000

Table 3.5 

Avoidable external cost, in eurocents per kWh electricity generated, by the use of wind energy in 2000 
Austria Belgium Denmark Finland France Germany

Low 1.69 2.70 1.59 1.02 3.00 1.96
Medium 6.05 8.71 5.97 3.90 8.47 7.07
High 10.50 14.96 10.38 6.81 14.36 12.27

Greece Ireland Italy Luxembourg Netherlands Portugal
Low 5.36 2.09 3.35 1.16 2.76
Medium 15.79 7.29 10.19 4.27 8.78
High 26.87 12.62 17.46 7.42 15.11

Spain Sweden United Kingdom Cyprus Czech Republic Estonia
Low 4.13 1.32 2.01 2.52 3.28 4.58
Medium 12.31 4.89 6.57 9.03 10.12 17.13
High 21.09 8.50 11.32 15.70 17.37 29.85

Hungary Latvia Lithuania Malta Poland Slovakia
Low 7.04 0.98 1.84 3.61 2.71
Medium 19.42 3.66 6.30 11.36 8.33
High 33.29 6.37 10.91 19.60 14.26

Slovenia Bulgaria Romania Turkey
Low 10.34 7.47 12.96 2.06
Medium 27.67 21.04 34.54 7.02
High 47.35 36.16 58.95 12.15
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By multiplying the avoidable specific external costs by
the amount of electricity produced by wind energy, the
avoided total external costs can be calculated. These
are displayed in Figure 3.7. Nearly €1.8 billion was
avoided over all the countries by the use of wind ener-
gy electricity generation in 2000. Most of this applies
to Germany (38%), Spain (31%) and Denmark (15%).

It should be noted that the figures calculated above
are based on the 2000 wind energy production which
was 22 TWh. In 2004, wind power produced some 65
TWh of electricity in the EU (EWEA, 2005) suggesting
avoided external costs of some €5 billion for 2004.

3.5 Avoidable emissions and external costs by
wind power in 2020

Specific avoidable emissions per kWh will decrease
from 2000 to 2020. This is mainly due to two factors.
Firstly, the fuel mix is going to change in the coming
decades in most of the countries covered by this analy-
sis. In many cases, high pollutant-emission fuels will be
partly replaced by those with less pollutant emissions.
For instance, the share of fuel oil and especially natu-
ral and derived gas will increase strongly to replace
coal. Therefore, the amount of electricity generated by

hard coal and lignite will decrease or stagnate. This will
lead to less specific avoidable emissions per kWh by
wind energy in 2020 compared with 2000.

Secondly, there will be a significant improvement in
the efficiency and pollution-removal technologies of
fossil fuel based electricity generation. The Eastern-
European states, in particular, will up-grade their
technology by fitting SO2 scrubbers and improving
combustion processes to reduce NOX emissions.

For 2020, a total wind power production of 425
TWh/a is forecasted by EWEA (2003) for the EU-25
countries. For EU-28, this implies a forecast of more
than 450 TWh/a in 2020.

Calculations (Hohmeyer, 2005) indicate total avoid-
able external costs by wind power in 2020 are much
larger than in 2000; they are expected to increase
from €1,8 billion/year in 2000, to more than €25 bil-
lion/year in 2020, due to the assumed increase of
electricity generation by wind energy from 22 TWh/a
in 2000 (65 TWh/a in 2004) to more than 450 TWh/a
in 2020. While electricity generation by wind energy
increases 20-fold from 2000 to 2020, the avoidable
external costs will increase approximately 14-fold.

Figure 3.7 

Avoided total external costs per country by the use of wind energy in 2000 
(low, medium and high range calculations, see text) 
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3.6 Policy instruments and external costs in
practice

The background document to these guidelines (work
phase 3) show that environmental policy instruments
such as emission charges, subsidies5 and tradable
permits allow us to find the extent polluters6 should
reduce their emissions in order to maximise society’s
welfare and thereby, enabling internalisation of external
effects in order to reach a given level of emissions at
minimum costs for society (EOPT). The emission standard
is inferior in this regard, as it leads to larger costs to
society and is therefore only appropriate in cases
where urgent restriction of emissions is required. As
the bulk of external costs from energy production in
the EU are not caused by pollutants needing urgent
restriction, but from pollutants with effects demanding
a long-term reduction strategy, the emission standard
is not adequate to internalise the external costs from
energy production7.

In addition, the internalisation of external costs by
means of the policy instruments requires a precise
knowledge of the damage costs caused by the emission
of pollutants, together with a precise knowledge of the
abatement costs. Otherwise EOPT cannot be deter-
mined. Hence, the question arises whether current
knowledge allows us to determine the optimal level of
pollution in practice.

The broad ranges of external costs quantified in 
different studies provide a good indicator for the
uncertainty associated with the “real” shape of 
external cost curves. However, it must be pointed out
that, with the exemption of nuclear power and climate
change, the current specific external cost values for
‘classical’ pollutants (SO2, NOX, particulates) provide
a good approximation of real marginal damage costs.
Consequently, external cost analysis and the internali-
sation of external costs is able to provide a substantial
improvement compared to a situation where external
costs are ignored.

In addition to the external costs, the pollution-reduction
control costs also involve relatively large uncertainty.
This is because the cost for emission abatement is
the private information of the polluters which they

either do not reveal or do not know. However, the
uncertainty about the level of abatement costs is in
general less than the uncertainty about damage
costs, since a good approximation of costs can usually
be acquired from research institutions and from compa-
nies selling emission control equipment. However, the
estimation by research institutions can be a complex,
research-extensive and costly procedure. Thus, it is
impossible for public authority to determine the 
optimal level of emissions precisely.

Figure 3.8

Uncertainty abatement and damage curve

This is illustrated in Figure 3.8, where the uncertainty
of the marginal control and damage cost curves is
depicted as the difference between the lower and the
higher curves of MCC and MDC. The aggregate 
uncertainty in the MDC curve is larger than the MCC
curve. The area A represents the region in which the
optimal emissions level can be located with maximum
and minimum values as depicted in the figure (ranges)
but which cannot be exactly determined by the public
authority. Therefore, every emission charge or 
tradable permit system, when applied in practice, 
cannot reach EOPT exactly, since the determination of
the optimal tax or the optimal quantity requires full
information. They can only aim to reach EOPT as
closely as possible.

5 In the remaining part of this chapter any statement on emission charges also holds for subsidies as we have shown that they have equal effects on the reduction strategy of
the polluters.

6 Environmental policy instruments for the energy sector are usually concerned with pollution control. As emissions such as CO2, SO2, NOX and particulates are the major
source of external costs from electricity production we will also use the term “emissions” as a substitute for “pollution”. The entity (e.g. a firm) that causes the emissions
will be referred to as “polluter”.

7 One could also say that the pollutants from energy production that demand urgent restriction have already been successfully restricted by existing command and control
instruments.
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It is worth noting that the uncertainty varies depending
on the pollutant in question. In particular, we have
shown that the damage cost curve of CO2 comes with
a high degree of uncertainty, whereas the damage
costs of other classical pollutants are more accurate-
ly known. Environmental economists therefore 
suggest that the design of the environmental policy
instruments should be differentiated according to 
climate change and non-climate change emissions.

For climate change emissions, it is suggested that,
instead of determining EOPT, public authorities should
let scientists determine the level of emissions which
prevents catastrophic damage from climate change in
the long-term (‘dangerous anthropogenic interference
with the global climate system’, in the words of UNFCCC).
Based on such estimates, the authorities can allocate
permits to each polluter and subsequently the level of
emissions suggested by science is reached. The 
target emission level can be adjusted if science gains
new knowledge about the level of emissions that 
prevents catastrophic damage.

For impacts other than climate change, most environ-
mental economists in this field suggest that the infor-
mation about cost curves is sufficient to determine

an emissions charge which, when levied, will produce
an emissions level close to the optimal level of pollu-
tion. Because of the remaining uncertainties, the
emission charge has to be set according to the avail-
able information in a “trial and error”-process. The
charge needs to be adjusted when more information
is available. YOLL and VSL approaches may lead to
substantially different results of monetised human
health damages. Deciding which approach to use is a
value judgement, based on society’s underlying value
system. Thus, calculations of external costs of human
health damages should always give both measures
and leave it up to the reader or the policy-maker to
decide which approach they think is most appropriate.
Also inflationary trends in the economy may have an
effect on a static charge, making it insufficient to
reach the environmental goals. Mechanisms need to
be introduced to assure that the charge can be
adjusted according to the alterations of economic and
environmental conditions. 

In section 5.6 we will examine which of the current
promotion strategies for renewable energy sources
have the best potential to establish a level playing
field between all electricity generating technologies
through the internalisation of external costs.
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Article 3 of the Renewables Directive as well as its
Annex refer to national indicative targets for RES-E.
The overall indicative target for the penetration of
RES-E is to meet 22% of EU-15’s electricity consumption
by 2010 (for EU-25, the share is 21%). Indicative 
targets consequently set for Member States in 
accordance with the reference values listed in the
Annex of the Directive.8

It is important to note that:
- national targets are ‘indicative’ and not ‘regulatory
binding’ – but in accordance with Article 3 of the 

4. Promotion instruments

Figure 4.1

Comparison of historical (1997) and present penetration (2004) 
and future targets according to the ‘RES-E Directive’ 

Source: European Parliament and Council, 2001; Green-X model run; Own investigations; Eurostat (2003).

8 In Article 3 (2) of the ‘RES-E Directive’ (European Parliament and Council, 2001) it is outlined, that the EU Member States have to adopt and publish a report setting national
indicative targets for future consumption of electricity produced from renewable energy sources in terms of a percentage of electricity consumption for the next 10 years. This has
to be done not later than 27 October 2002 and every five years thereafter. To set these targets until the year 2010, the Member States shall take account of the reference 
values in the Annex of the Directive. Furthermore, they have to ensure that these targets are compatible with the climate change commitments according to the Kyoto Protocol.

9 Directive 2003/96/EC of 27 October 2003.

’RES-E Directive’ “If (…) national indicative targets are
likely to be inconsistent” the European Comission
“shall address national targets, including possible
mandatory targets, in the appropriate form.”;
- all targets are related to the total electricity 
consumption of the ‘target’ year 2010.
The Annex of the Directive lists the reference values
for Member States’ national indicative targets. Both
the targets for 2010 and the achieved progress in the
period 1997 to 2004 are indicated on Figure 4.1 for
each Member State as well as for total EU-15.

4.1 Environmental taxes
As mentioned under chapter 2, harmonised energy
taxes, reflecting the actual environmental impact of
each electricity production technology is an effective
way of internalising external costs. They could make
the full production costs of electricity generation
transparent, level the playing field in a future Internal
Electricity Market and introduce fair competition
between renewables and conventional power tech-
nologies. This is recognised by the European
Commission. In a Communication to the Council, the
European Parliament, the Economic and Social
Committee and the Committee of the Regions in
February 2001 the Commission states:

“Environmental taxes and charges can be an appro-
priate way of implementing the ‘polluter pays’ prin-
ciple by including the environmental costs in the
price of goods and services and by this means inter-
nalising external costs. The White Paper emphasised
that the environmental benefits of renewable 
energy justify favourable financing conditions, e.g.
through tax exemptions in products from RES.”

After 6 years of negotiations, a landmark EU directive9 set-
ting minimum tax rates for energy products came into
force on 1 January 2004. However, as a result of
numerous compromises between the Member States,
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the level of the minimum energy tax rates are close to
being the lowest common denominator for the Community
and are considerably lower than originally proposed by the
Commission (1997) and the Parliament (1999). For elec-
tricity, the Directive introduces minimum taxes of Euro
0.5/MWh for business and Euro 1/MWh for non-busi-
ness. Due to the low minimum tax levels, the many general
exemptions and the lack of mandatory exemptions for
renewables, the effect of the Directive on wind power will
be insignificant in the short term. However, the impor-
tance of reaching a final agreement cannot be underesti-
mated, as it emphasises the political will in EU to con-
tribute to the polluter pays principle established in Article
174 of the Treaty Establishing the European Community.

Meaningful environmental taxes are an effective way to
level the playing field in the electricity markets but are
difficult and time consuming to agree upon at the EU
level. The same is true for the removal of state aid to
conventional power production technologies. Efforts
must be made to remove harmful subsidies to mature
electricity technologies based on fossil fuel and nuclear,
as suggested by an OECD study on improving the envi-
ronment through reducing subsidies. The higher the 
subsidies to polluting technologies, the higher the costs
to society will be of introducing clean technologies.

OECD argues that «support is seldom justified and
generally deters international trade, and is often given
to ailing industries». It further argues:

«This policy [state aid] is often both costly and ineffec-
tive in the long run. Technological change and the 
development of new product markets will generally
lead to an even further loss in the competitiveness of

the supported industry. As a result, larger amounts of
support will be required in order to maintain the indus-
try. (…) In many cases, support is used to prop up
declining industries, merely postponing their certain
demise at the expense of tax payers and consumers.»

The OECD also argues «that support may be justified
if it lowers the long-term marginal costs to society as
a whole. This may be the case with support to ‘infant
industries’, such as producers of renewable energy».

The problem with subsidies is that once introduced,
they are difficult to remove. The existence of environ-
mentally damaging state aid to mature industries
such as coal and nuclear will inevitably lead to higher
environmental policy costs.

Removing state aid to fossil fuels, nuclear and other
mature and environmentally damaging industries has
many attractions. Not only would it contribute towards a
more level playing field in the electricity markets and cre-
ate less biased market conditions, it would also save
large amounts of money currently spent on unproductive
state aid schemes, and finally make it considerably
cheaper to develop the environmental technologies that
are a precondition to securing the European Union’s
indigenous supply of electricity and meeting its climate
obligations. Removing environmentally harmful subsi-
dies should ideally be supplemented by energy taxes.
Taxation can be an effective tool in energy policy if it
internalises the costs to society of environmental degra-
dation, and contributes to the polluter pays principle.

Several EU countries have introduced specific tax incen-
tives for renewable energy. These are summarised in 

Table 4.1

Specific national tax incentives for renewable energy
Country Investment-based tax incentives
Austria Private investors get tax credits for investments in using renewable energies (personal income tax). Note, the amount is gen-

erally limited to about 3,000 € per year.
Belgium 13.5 – 14% of RES-investments deductible from company profits, regressive depreciation of investments. Reduced VAT on

building refurbishing if energy efficiency is included (6% instead of 21%).
Denmark The first 3,000 DKK of income from wind energy are tax free.
France Deduction of 15% investment costs with a maximum of 3000 € per person. Reduced VAT (5.5%) on renewable equipment

(not applicable to installation costs).
Germany Losses of investments can be deducted from the taxable income. This fact increases return on investments into wind projects.
Greece Up to 75% of RES-investments can be deducted.
Ireland Corporate Tax Incentive: tax relief capped at 50% of all capital expenditure for certain RES-investments.
Portugal Up to 30% of any type of investments on RES can be deducted with a maximum of 700 € per year. Reduced VAT (12%) on

renewable equipment.
Spain Corporation Tax: 10% (up to 20% in some autonomous regions) tax liability instead of 35% for investments in environment

friendly fixed assets.
The Netherlands EIA scheme: RES-investors (most renewable energy systems) are eligible to reduce their taxable profit with 55% of the

invested sum.
Lower interest rates from Green Funds: RES-investors (most renewable energy systems) can obtain lower interest rates (up
to 1.5%) for their investments. Moreover, dividends gained are free of income tax for private investors.

Source: EEG
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4.2 Payment mechanisms
The present situation is that environmentally harmful
practices are accepted, and indeed often subsidised,
and there are few environmental taxes that fully
reflect the external costs of electricity production.
Therefore, the market will not respond to external
costs, since they are not charged at source. Without
mechanisms to fully internalise externalites, a second
best solution for a level playing field in the electricity
markets is for Member States (and potentially the EU)
to enable adequate incentives to increase the propor-
tion of RES-E. Thus, incentive mechanisms should be
viewed as compensation for the lack of internalisation
of external costs in power production. This is also the
overall rationale given in the Community guidelines on
State aid for environmental protection (2201/c
37/03).

For renewables, the amount of the incentive usually
depends on the production cost of wind power com-
pared to other technologies and the market price for
electricity. As a result of the gradual liberalisation of
electricity markets, competition should be increasing
in the European electricity sector. Some concern, how-
ever, can be raised that Europe is moving from a 
situation of national electricity monopolies to private
monopolies or oligopolies, rather than perfect compe-
tition. Increased competition, in combination with the
present over-capacity in most European electricity
generation, will probably, in the short term, make 
conditions more difficult for wind power and other
renewables as wholesale electricity prices decrease.
The price reduction can be expected to continue until
generating companies close down their oldest power
plants and new capacity is needed. 

Several types of incentive have been used to promote
the increased deployment of wind power. These can
be grouped into three main categories:

• Voluntary Systems where the market determines
the price and the quantity of renewable energy
(Green marketing)

• Systems where the government dictates the elec-
tricity prices paid to the producer and lets the
market determine the quantity (Fixed prices)

• Systems where the government dictates the
quantity of renewable electricity and leaves it to
the market to determine the price (legally 
obligated quotas)

Fixed price systems and obligated quotas for renewables
are ways of creating a protected market, separate
from the open electricity market where electricity from

new renewable energy sources would have difficulties
competing with existing, already depreciated nuclear
and fossil based power plants. There are also ways of
offsetting (fully or partly) the competitive disadvan-
tage arising from the market’s neglect of the external
environmental costs and benefits of energy production,
as described in section 2.

It is often argued that systems where the government
fixes the quantity of renewable electricity demand
(e.g. renewables quotas with green certificate trading)
is more “market oriented” than systems where 
governments fix the price (see for example
‘Eurelectric and RECS: “Integrating Renewable Energy
Sources into the Competitive Electricity Market –a
Shared Vision”, November 2004’). But a system
where the government fixes quantity and leaves it to
the market to determine the price is unlikely to be
more “market oriented” than a system where the 
government fixes the price and leaves it to the market
to determine the quantity. However, the economics of
the two methods are different and, in practice, 
the capacity of renewables installed under the 
mechanism may be significantly different.

Few would argue that the oil cartel OPEC is a market
oriented mechanism because the members have chosen
to control the market (prices) through quantities
rather than directly through prices. The reason is that
oil quantities are easier to administer. In the World
Trade Organisation (WTO), quantitative restrictions
are generally banned, while tariffs are accepted to
some degree because quotas are regarded as more
market distorting than tariffs.

The main purpose of the wide range of available 
economic measures to support renewable energy
technologies is to provide incentives for technological
improvements, increased renewables capacity and
cost reductions of environmental technologies. That
will ensure that we will have cheap, clean technologies
available in the future as competitive alternatives to
conventional power sources. It is less important that
markets are controlled through prices or through
quantities. What matters is that control is achieved in
a rational and effective manner. 

The main difference between quota based systems
and price based systems is that the former introduces
competition between the electricity producers (e.g.
wind turbine operators). Competition between manu-
facturers of plant (e.g. wind turbines), which is crucial
in order to bring down production costs, is present if
government dictates either prices or quantities.
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4.2.1 Historical background
In the early 1980s, financial incentives in the form of
capital grants (i.e. investment subsidies), loans or
reduced taxes, were a common way of encouraging
investments. The most successful examples are from
Germany and Denmark, where, for instance, it was
possible to obtain preferential real estate loans for
wind turbines. 

In the mid-1990s, in various European countries, pro-
motional programs based on regulated tariffs for the
purchase of electricity from specified renewable
sources became more common. The most important
models in this context were (fixed) feed-in tariffs and

fixed premium systems. Meanwhile competitive 
tendering, was introduced in the UK.

In recent years, another type of instrument emerged, at
least in the political discussion process. This obligated
quotas for RES-E, perhaps associated with Tradable
Green Certificates, introduced in some Member States.
In the UK this type of promotion instrument replaced
the former tendering system (the Non-Fossil Fuel
Obligation) in 2002, with the tradable certificates
termed ‘ROCs’ (Renewable Obligated Certificates).

Table 4.2 summarises the most important historical
steps for promotional strategies in Europe. 

Table 4.2 

Historical overview on promotion strategies for electricity from RES in European countries

Year Country Type of strategy Programme name RES-E Technologies addressed
1978-1985 DK Investment subsidies Wind
1989-1993 DE Investment subsidies plus feed-in tariffs "1000-Dächer-Program" PV
1990-1999 UK Tendering system NFFO / SRO / NI-NFFO Selected technologies
1990-present DE Feed-in tariffs "Einspeisetarif" PV, Wind, Biomass, Small hydro
1992-1994 AT Investment subsidies plus feed-in tariffs 200 kW PV-Program PV
1992-2000 IT Feed-in tariffs “CIP 6/92” All technologies
1991-1996 SE Investment subsidies /Tax relief Wind, Solar , Biomass
1992-1997 DK Feed-in tariffs / Tax relief Wind, Biomass
1992-1999 DE, CH, AT Feed-in tariffs "Kostendeckende Vergütung" PV
1994-present GR Investment subsidies 1994-1999“: Operational PV, Wind, Biomass,

Program for Energy” 1999-now: Small hydro, Geothermal 
“Operational Program 
Competitiveness”

1994-present ES Feed-in tariffs or fixed premium systems “Royal Decree 2366/1994” All technologies
resp. “R.D. 2818/1998” (except Large hydro)

1996-present DE, CH, Voluntary green tariffs Various brands Selected technologies
NL, AT, UK

1996-present CH Voluntary stock exchange "Solarstrombörse" PV
1997-present FI Tax incentives Energy Tax Wind, mini hydro (<1MW), wood

based fuels
1998-present DE Labelled “Green Electricity” TÜV, Grüner Stromlabel e.V., PV, Wind, Biomass, Small hydro

Öko-Institut
1999-present DE Soft loans “100,000 Dächer-Programm” PV
1999-2000 NL (Voluntary) Green certificates All technologies (exept 

municipal waste incineration)
2000-present DE Regulated Rates “Renewable energies law” Selected technologies
2001-present IT Rebates “Tetti fotovoltaici” PV
2002-present IT, UK, BE Quota obligation with Tradable All technologies (wave, waste

Green Certificates and large hydro depend on the 
country)

2003-2004 AT Feed-in Tariffs “Ökostromgesetz” All technologies
2003-present SE Quota obligation with Tradable Green All technologies. No waste.

Certificates
2003-present NL Mixed Strategy (Feed-in tariffs, MEP (Environmental Quality All technologies except hydro and

tax incentives, green certificates) of Power Generation) + REB “non pure” biomass
(Regulating energy Tax) + 
Green Certificates
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4.2.2 Voluntary systems and green marketing
In theory, voluntary demand could provide a market for
wind power and other renewable energy technologies
independently of government policy. However, experience
with voluntary systems or “Green Marketing
Programmes” to date clearly suggests that voluntary
green power schemes, purely based on customers’ willing-
ness to pay extra for green electricity i.e. without addi-
tional measures, has had only small and not significant
impact on the deployment of renewable energy sources. 

A survey by The European Opinion Research Group
from 2003 shows that some willingness exists among
Europeans to pay more for energy produced from 
renewable energy sources (see Figure 4.2). 

However, the number of customers signing up for green
marketing programmes cannot be directly translated into
support for renewables, as most products contain less
than 100% renewables. In Pennsylvania, USA 60,000
out of 80,000 customers signed up for a “green” 
electricity product that had a renewable energy content of
less than 1%.

Much research into voluntary green electricity systems
has been conducted in the USA where approximately
40% of the households have access to a green power
product. One study10 conducted by Lawrence Berkeley,
National Laboratory at University of California, shows
that 0.6% of the residential customers with access to
voluntary green electricity products have signed up

10 Wiser, Bolinger and Holt, Customer choice and green power marketing: A critical review and analysis of experience to date (University of California: Lawrence Berkeley
National Laboratory).

■ Yes, I would pay more than 25% more ■ Yes, I would pay 11 to 25% more ■ Yes, I would pay 6 to 10% more ■ Yes, I would pay up to 5% more  
■ No, I am not prepared to pay more ■ Don´t know
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Figure 4.2

Results of the survey relating willingness to pay more for energy produced from renewable sources: 
“Would you be prepared to pay more for energy produced from renewable sources than for 

energy produced from other sources? (If yes) How much more would you be prepared to pay?”

Source: The European Opinion Research Group (2003)

%
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(2000). In Denmark, only 0.5% of the customers of a
Copenhagen-based supply company have decided to
buy its green electricity product. For comparison, a
majority of 58% of the Danes answered yes to the
question: “Would you consider buying more environ-
mentally friendly electricity, when it becomes possi-
ble?” in a survey by Ramboll.

The Lawrence Berkeley study suggests that the collec-
tive impact of green marketing schemes on renewable
electricity generation has been very modest. The
study concludes that there is a considerable differ-
ence in consumers’ stated attitudes toward environ-
mental products and the actual demand for them11.

Schemes referred to as “Shareholder Programmes”,
“Contribution Programmes”, “Ethical Trusts”, “Green
Electricity Tariffs” or “Green Electricity Labels” are 
frequently referred to as voluntary schemes, because
customers of their own free will decide to sign up for
a service. However, in most cases where voluntary
schemes are perceived to be successful (in terms of
many subscribers), the driving force behind the
increase in “green” customers is the politically deter-
mined framework for investments in renewables
rather than high voluntary demand for clean power.

In the UK, the electricity supply company ‘Good
Energy’ markets only green electricity (RES-E) at 
tariffs some 10% more expensive than from conven-
tional suppliers. The company has an increasing 
number of customers (7,000 in Dec 2003, increased
to 13,000 in Dec 2004). However, in general, there is
insufficient renewable capacity to meet the UK
Government’s obligated quota, hence triggering 
‘let-out’ mechanisms.

Voluntary demand systems must be designed in such a
way that customers who are willing to behave “greener
than the rest”, do not merely reduce the overall manda-
tory obligation. So far there are no European or national 
structures in place that can guarantee such purchases
actually lead to more renewable power production.

4.3 Support schemes for renewables in the EU
RES-E from renewable energy technologies is becoming
increasingly competitive with electricity from conventional
sources. However, it is likely that some form of incentive
will be required for a foreseeable future until either (a)
environmental costs are fully internalised or (b) increased
economies of scale and technological development
makes renewables fully competitive with conventional
sources such as coal and gas, without considering exter-
nalities. However, there is no guarantee that the second
option would happen in a time to abate climate change
and other negative impacts.

If the environmental costs of power production were
reflected in the European power prices, wind power and
many other renewable energy technologies would not
need support, as pointed out in chapter 3 and in the
European Commission’s Green Paper on Security of
Supply12.

The EC’s Green Paper states that wind energy can fully
compete with combined cycle gas if externalities are
taken into account. Furthermore, both wind energy, bio-
mass, small hydro, photovoltaics and geothermal are
significantly cheaper for society than coal if externalities
are included. The social cost of coal generated 
electricity is almost twice as expensive as wind and 
biomass (1998 figures), according to the Green Paper.

There are currently five main mechanisms to support
electricity from renewable energy sources in the Member
States: Investment subsidies, fixed price mechanisms,
fixed premium mechanisms, quota systems based on
auctions or tradable green certificates. The aim of all
these mechanisms is to offset some of the competitive
disadvantage for renewables as a consequence of elec-
tricity markets neglecting the external costs of electricity
production. Low electricity prices are of little benefit if
they lead to high social costs to society. 

Table 4.0 provides a classification of existing 
promotion strategies for RES-E support mechanisms.
An explanation of the terminology is given below.

11 “Customer Choice and Green Power Marketing: A Critical review and Analysis of Experience to date”; Wiser, Bolinger, Holt; Lawrence Berkeley National Laboratory; University
of California, USA.

12 Green Paper on Securing future….”; European Commission 2001.
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Voluntary approaches
This type of strategy is mainly based on the willing-
ness of consumers to pay premium rates for 
renewable energy. There are two main categories:
- Investment focused: Shareholder Programs, dona-
tion projects and ethical thrusts.

- Generation based: Green electricity tariffs, with and
without labelling.

Regulatory price driven strategies 
Generators of electricity from RES receive financial
support in terms of a subsidy per kW capacity
installed or a payment per kWh produced and sold.
- Investment focused: Investment subsidies and Tax
credits.(€ per unit of generating capacity)

- Generation based: Fixed Feed-in tariffs (FITs) and
Fixed Premium systems (€ per unit of generated
energy) – with flat rates or a stepped design.

Regulatory quantity driven strategies (quota based
mechanisms)
The desired level of generation or market penetration of
electricity from RES is set on by a government decision,
i.e. commonly named as Quota obligation or Renewable
Portfolio Standard. The price is in principle set through
competition between generators. Most important are:
- Tendering systems / bidding, 
- Tradable Green Certificate (TGC) systems

Indirect strategies 
RES-E can also be promoted by means of indirect
strategies, for example CO2 (Climate Change) taxes,
GHG emission trading or removal of subsidies 
previously given to fossil and or nuclear generation.

In Table 4.4 an overview is provided on current (i.e. as
implemented at the end of 2004) promotion schemes
for RES-E in EU-15 countries - listing countries, 
strategies and the technologies addressed.

Table 4.3 

Fundamental types of promotional strategies
Direct Indirect
Price-driven Quantity-driven (quotas)

Regulatory Investment focussed • Investment subsidies • Tendering system •Environmental taxes
(obligated) • Tax credits

Generation based • (Fixed) Feed-in tariffs • Tendering system
• Fixed Premium system • Tradable Green Certificate 

system
Voluntary Investment focussed • Shareholder Programs • Voluntary agreements

• Contribution Programs
Generation based • Green tariffs
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Table 4.4 

Current end 2004 promotion strategies for RES-E in EU-15 countries
Major Strategy RES-E TECHNOLOGIES CONSIDERED

Large Small Hydro ‘New’ RES (Wind On- & Offshore, PV, Solar Thermal Electricity, Municipal
Hydro Biomass, Biogas, Landfill Gas, Sewage Gas, Geothermal) Solid Waste

Austria FITs No Renewable Energy Act 2003. (Ökostromgesetz). Technology-specific FITs guaranteed FITs for waste 
for 13 years for plants which get all permissions between 1 January 2003 and 31 with a high 
December 2004 and, hence, start operation by the end of 2006. Investment subsidies biodegradable
mainly on regional level. No decision yet on follow-up support after 2004. fraction

Belgium Quota/TGC + No Federal: The Royal Decree of 10th July 2002 (operational from 1st of July 2003) sets 
Guaranteed minimum prices (i.e. FITs) for RES-E.13 On regional level promotion activities include: 
Electricity Wallonia: Quota obligation (TGC-system) on electricity suppliers – increasing from 3% 
Purchase in 2003 up to 12% in 2010. Flanders: Quota obligation (TGC-system) on electricity 

suppliers – increasing from 3% (no MSW) in 2004 up to 6% in 2010.
Brussels region: No support scheme yet implemented.

Denmark Fixed No Act on Payment for Green Electricity (Act 478): Fixed premium prices instead of former No
Premiums high FITs. Guaranteed for 3 (biogas) to 20 (wind) years. Tendering plans for offshore wind.

Finland Tax Exemption No Tax refund: Mix of tax refund and investment subsidies: tax refund of 6.9 €/MWh for wind and of Tax refund
4.2 €/MWh 4.2 €/MWh for other RES-E. Investment subsidies up to 40% for wind and up to 30 %. (2.5 €/MWh)
(plant <1MW) for other RES-E

France FITs No FITs for RES-E plant < 12 MW guaranteed for 15 years (20 years PV and hydro). Tenders FIT:
for plant >12 MW. FITs in more detail:biomass: 49-70 €/MWh, biogas: 46-58 €/MWh, 25.8-47.2
geothermal: 76-79 €/MWh, PV: 152.5-305 €/MWh; landfill gas: 45-57.2 €/MWh; €/MWh
wind14: 30.5-83.8 €/MWh; hydro15: 54.9-61 €/MWh. Investment subsidies for PV,
biomass and biogas (biomass and biogas PBEDL 2000-2006).

Germany FITs Only refur- Renewal of German Renewable Energy Act in 2004: FITs guaranteed for 20 years16. In No
bishment more detail, FITs for new installations (2004) are: hydro: 37-76.7 €/MWh; wind17:

55-91 €/MWh; biomass & biogas: 84-195 €/MWh; landfill-, sewage- & mine gas: 
66.5-96.7 €/MWh; PV & solar thermal electricity: 457-574 €/MWh; geothermal: 
71.6-150 €/MWh.

Greece FITs + No FITs guaranteed for 10 years (at a level of 70-90% of the consumer electricity price)18 No
Investment and a mix of other instruments:  a) Law 2601/98: Up to 40% investment subsidies 
Subsidies combined with tax measures;  b) CSF III: Up to 50% investment subsidies depending

on RES type.

Ireland Tendering No Tendering scheme - to be replaced by FITs in 2005. The last tendering competition, No AER No
System VI, took place in 2003: It included technology  bands and price caps for small wind(<3 MW),

large wind (>3 MW), small hydro (<5 MWp), biomass, biomass CHP and biogas.

Italy Quota/TGC Quota obligation (TGC-system) on electricity suppliers: 2.35% target (2004), increasing
yearly up to 2008; TGC issued for all (new) RES-E (incl. large hydro and MSW) – with 
rolling redemption19; penalty in size of 84.2 €/MWh (2004) but market distortions
appear20. Investment subsidies for PV (Italian Roof Top program).

Luxembourg Fixed No No FITs21 guaranteed for 10 years (PV: 20 years) and investment subsidies for wind, PV, biomass No
Premiums and small hydro. FITs for wind, biomass and small hydro: 25 €/MWh, for PV: 450 €/MWh.

The FITs + Tax Mixed strategy: Green pricing, tax exemptions and FITs. The tax exemption for green No
Nether- Exemption electricity amounts 30 €/MWh and FITs guaranteed for 10 years range from 29 €/MWh
lands (for mixed biomass and waste streams) to 68 €/MWh for other RES-E (e.g. wind  

offshore, PV, small hydro).

Portugal FITs + No FITs (Decree law 339-C/2001 and Decree law 168/99) and investment subsidies of roughly No
Investment 40% (Measure 2.5 (MAPE) within program for Economic Activities (POE)) for wind, PV,
Subsidies biomass, small hydro and wave. FITs in 2003: wind22: 43-83 €/MWh;

wave: 225 €/MWh; PV23: 224-410 €/MWh, small hydro: 72 €/MWh.

Spain FITs or Depending FITs (Royal Decree 436/2004): RES-E producer have the right to opt for a fixed FIT or Premium 
Fixed on the for a premium tariff25. Both are adjusted by the government according to the variation FIT: 
Premiums plant size24 in the average electricity sale price. In more detail (only premium as valid in 2004 for 17 €/MWh

plant < 50 MW): wind, small hydro, geothermal, tide & wave: 42 €/MWh; solar thermal 
& PV26: 194 €/MWh, biomass: 35-42 €/MWh. Moreover, soft loans and tax incentives 
(according to “Plan de Fomento de las Energías Renovables”) and investment subsidies 
on regional level.

Sweden Quota/TGC No Quota obligation (TGC-system) on consumers: increasing from 7.4% in 2003 up to No
16.9% in 2010. For wind investment subsidies of 15% and additional small premium
FITs (“Environmental Bonus”27) are available.

United Quota/TGC No Quota obligation (TGC-system) for all RES-E: increasing from 3% in 2003 up to 10.4% No
Kingdom by 2010 – penalty set at 30.5 £/MWh. In addition to the TGC system, eligible RES-E are 

exempt from the Climate Change Levy certified by Levy Exemption Certificates (LEC’s),
which cannot be separately traded from physical electricity. The current levy rate is 
4.3 £/MWh. Investment grants in the frame of different programs (e.g. Clear Skies 
Scheme, DTI’s Offshore Wind Capital Grant Scheme, the Energy Crops Scheme, Major 
PV Demonstration Program and the Scottish Community Renewable Initiative).
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The classification of promotional instruments shows
that a broad set of strategies now exist. However,
most attention has been concentrated on five of these
(investment subsidies, feed-in tariff schemes, fixed
premium schemes, obligated quotas, tendering and
tradable green certificate systems), and no single
instrument has been applied broadly across the EU.
Four of these main instruments are discussed in more
detail in the following. The internet based background
report “A Review of Promotion Strategies” available at
www.ewea.org provides detailed tables on the actual
levels of support applying to all renewable energy
sources.

4.4 Fixed price systems
3 shows the feed-in tariffs for onshore wind energy in
the EU15 as of 200428.

Figure 4.3 

Feed-in tariffs for electricity from new onshore wind
plant in EU-15 countries (at end 2004)

In France, Germany, Greece and Portugal, the tariff is
related to the siting (production) of the turbine (some-
times referred to as a “stepped feed-in tariff”). In
strong wind areas, the tariff is less than in weak wind
areas; this is to avoid that the development of wind tur-
bines being concentrated in the very windy areas of a
country. In Spain, wind turbine operators can choose
between a fixed tariff per kWh or a premium increment
above the market fluctuating price for electricity.

4.4.1 Investment subsidies 
In the early days of wind power development, invest-
ment subsidies where often used as an incentive to
investors. We will consider these with examples from
wind power (although the mechanisms apply to many
other renewable technologies).
A common investment subsidy is a grant for the installa-
tion of capacity. This is normally given on the basis of the
rated power capacity (in kW) of the generator. It is gener-
ally acknowledged that systems that relate the grant to
the capacity of the wind turbine, rather than the annual
energy production of the electricity, is unadvisable
because it encourages less efficient turbines. The incen-
tive should be related to the production of electricity from
efficiently operated plant, rather than just the installation
of plant capacity that may remain poorly managed. 

In the 1990s, India gave a subsidy to wind turbine owners
based on the rated capacity of the wind turbines. That
proved less successful than hoped because a subsidy
was given whether or not production was efficient. The
scheme resulted in poor siting of wind turbines, and
manufacturers followed customer demands to use 
disproportionably large generators, which improved
project profitability but reduced production and also
attracted manufacturers with highly dubious products.
India has since corrected the inherent flaws of its incen-
tive scheme and the market has started to develop
again. For wind energy, the global trend is to reject

Notes Table 4.4
13 FITs are guaranteed on national level for the first 10 years of operation, e.g. in case of offshore wind in size of 90 €/MWh. Note, they can only be claimed exclusively – in

other words, they cannot be claimed if support is given by the regional TGC-systems.
14 Stepped FIT: 83.8 €/MWh for the first 5 years of operation and then between 30.5 and 83.8 €/MWh depending on the quality of site.
15 Producers can choose between four different schemes. The figure shows the flat rate option. Within other schemes tariffs vary over time (peak/base etc.).
16 The law includes a dynamic reduction of the FITs (for some RES-E options): for biomass 1% per year, for PV 5% per year, for wind 2% per year. 
17 Stepped FIT: In case of onshore wind 87 €/MWh for the first 5 years of operation and then between 55 and 87 €/MWh depending on the quality of site.
18 Depending on location (islands or mainland) and type of producer (independent power producers or utilities).
19 In general only plant put in operation after 1st of April 1999 are allowed to receive TGCs for their produced green electricity. Moreover, this allowance is limited to the first 8

years of operation (rolling redemption).
20 GRTN (Italian Transmission System Operator) influences strongly the certificates market selling its own certificates at a regulated price – namely at a price set by law as the

average of the extra prices paid to acquire electricity from RES-E plant under the former FIT-programme (CIP6).
21 Only valid for plants up to 3 MW (except PV: limited to 50 kW).
22 Stepped FIT depending on the quality of the site.
23 Depending on the size: <5kW: 420 €/MWh or >5kW: 224 €/MWh.
24 Hydropower plants with a size between 10 to 25 MW receive a premium of 42 €/MWh, larger plants (25 to 50 MW) can opt for a premium of 35 €/MWh.
25 In case of a premium tariff, RES-E generators earn in addition to the (compared to fixed rate lower) premium tariff the revenues from the selling of their electricity on the

power market.
26 In case of PV the expressed premium tariff refers to plant > 100 KW. For small-scale plant (<100 kW) a fixed FIT in size of 414.4 €/MWh is applied.
27 Decreasing gradually down to zero in 2007.

Notes from p 30
28 Internet based background report “A Review of Promotion Strategies” for the other renewable energy technologies, available at www.ewea.org. 
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investment subsidies as the only means of encouraging
wind power investments, because it is considered eco-
nomically inefficient as illustrated by the India case.

However, investment subsidies can be effective if com-
bined with other incentives as it is seen in the UK. In
order to take account of the higher cost of offshore
wind power compared to onshore, the British govern-
ment offers investment grants to offshore projects to
complement the ROC system (an obligated renewables
quota system). In the absence of such investment
grants, only onshore development would be likely, or it
would be necessary to create two separate ROC 
markets – one for onshore and one for offshore,
assuming that both are a priority for the government.

4.4.2 Fixed feed-in tariffs 
Mechanisms based on fixed feed-in tariffs (FIT) have
been widely adopted throughout continental Europe.
Operators of wind farms are paid a fixed price for every
kWh of electricity they feed into the grid. The extra cost
of the mechanism, if defined by the difference between
the level of the tariff and the market price of electricity,
is borne by the taxpayers or the electricity consumers.

The structure of the mechanism makes it impossible to
predict the total amount of the support per kWh. If the
value of the tariff remains constant, the amount of sup-
port will change as a result of changing wholesale elec-
tricity prices. The level of support per kWh could become
effectively negative if wholesale electricity prices were to
rise above the value of the tariff. Such a situation has
occurred in Scandinavia. In recent years, electricity prices
on the Nordic power exchange Nord-Pool has periodically
increased dramatically as a result of low levels of water in
the Norwegian and Swedish hydropower reservoirs
(hence reduced electricity supply) combined with
increasing power demand. Sometimes this has led to the
somewhat paradoxical situation that owners of coal power
plants received higher prices for their electricity supply
than owners of wind turbines.

As a rule of thumb, in Germany, the additional cost of
the feed-in tariff adds about 1 Euro to the average
household electricity bill per month, but as indicated
above, the exact amount is difficult to establish when
power prices fluctuate. Large German electricity users
effectively receive a discount on the feed-in tariff 
contribution by purchasing electricity at reduced prices.

FIT systems have been highly effective at attracting
wind power investments in Denmark, Spain and
Germany. Other countries that have feed-in tariffs are

Austria, France, Greece, Luxembourg, the Netherlands
and Portugal. The main determinant of whether a FIT
model is successful at attracting investments is the
value of the tariff. Of course, the payment mechanism
has to be supplemented by adequate grid connection
conditions and a well functioning planning framework
that allows distributed generation. The main benefit of
a FIT is that it is simple and often encourages better
planning. FIT is not associated with a formal Power
Purchase Agreement (PPA) and has no definite term. In
principle, therefore, the level of the tariff can be
changed at any time or removed by repealing the Law.
The main disadvantage of FIT is the political risk 
inherent in the system should general consumers
object to paying the levy for the subsidies. 

The political risk of the feed-in tariff in Spain, seen from
a RES-E investor’s point of view, is perceived to be
somewhat reduced, since the government has given 
assurance that changes in the tariffs will not bankrupt
existing projects built under previous conditions.
However, the risk of political change is not eliminated in
Spain, and investors can only guess for how long the
tariff will continue and at what level. Investors in RES-E
plant therefore have to include a risk premium when
planning the financial soundness of projects, which
eventually leads to higher cost to the consumer than in
a situation with less political risk. 

Germany has been able to reduce much of the political
risk by guaranteeing payments to distributed renewables
generators for 20 years. In 2003, the government
realised that if the tariff should reduce dramatically, this
would have a highly negative effect on the market for new
renewables capacity in Germany. However, those who
have already invested will not be affected, unless the
government decides otherwise. Some political risk is still
inherent in the German system, as it is considered less
risky for investors to enter into long-term power purchase
agreements enforceable under civil law than relying on
the good will of a government or parliament.

Greece is a good example that a sufficiently high feed-in
tariff does not guarantee development of wind energy.
The feed-in tariff (90% of the consumer price or approxi-
mately 5.75 cent/kWh – app. 7 cents/kWh if there is
no grid access) is supplemented by up to 40% capital
grants. That level should be sufficient to develop wind
energy taking into account Greece’s wind resources.
Still development is not taking off in Greece. The main 
barrier lies in the local government planning and 
electricity grid authorisation system rather than in the
value of the tariff. 
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France is faced with much of the same problem as
Greece. The financial incentive (feed-in tariffs for projects
smaller than 12 MW and auctions for larger projects)
seems adequate but little development is taking place.
The main barrier in the past has been grid and, 
especially, planning barriers. 

The political risk of feed-in tariffs is usually the risk that
the government will change the policy, i.e. reduce the
tariff if wind power becomes cheaper as the technology
develops. But there is also a potential risk that the 
government will take no action if a feed-in tariff is no
longer sufficient to attract investments under the 
overall economic climate. 

Fixed-price systems are rather rigid when it comes to
adjusting tariffs, whether increasing or decreasing, as
production costs of wind power change. Note also that
the inflation risk of the mechanism may be avoided by
including an automatic inflation adjustment to the
mechanism, as is done by the United States’ 
production Tax Credit.

4.4.3 Fixed premium systems
A “Fixed Premium” or “Environmental Bonus” mechanism
is another variant of the fixed price system. Rather than
fixing the price, government fixes a premium to be
added to the varying market price of electricity. The cost
per kWh of the system is, contrary to the fixed feed-in
tariff, predictable, although the total costs to society
depends on capacity developed. From the perspective
of a wind-turbine owner, the total price received per kWh
(electricity price plus the premium) is less predictable
than under a feed-in tariff, since the total changes with
electricity market conditions. 

In principle, a mechanism that is based on a fixed 
premium / environmental bonus that reflects the external
costs of conventional power generation could establish
fair trade, fair competition and level the playing field in
the Internal Electricity Market between renewable ener-
gy sources and conventional power sources. Together
with taxing conventional power sources in accordance
with their environmental impact, fixed premium 
systems are theoretically the most effective way of
internalising external costs. 

From a market development perspective, the advantage
of a price premium is that it allows renewables to pene-
trate the market if their costs are less than the sum of
the premium and the normal electricity wholesale price.
Obviously the amount of the premium will relate to the
rate of new renewables capacity; a large premium will

increase renewables capacity rapidly and vice versa.
Therefore, if the premium is set at an attractive amount
(theoretically equal to the abated external costs of con-
ventional power), it allows renewables to compete with
conventional sources, without the need for obligated
quotas.

In practice, however, basing the mechanism on the
environmental benefits of renewables is challenging.
Very ambitious studies, such as the European commis-
sion’s Extern-E project, of the external costs of power
generation, have been conducted in both Europe and
America. These have illustrated that establishing the
exact costs is very complex, as illustrated in chapter 3.
In reality, fixed premiums for wind power and other
renewable energy technologies, such as with the
Spanish mechanism, are based on estimated production
costs and comparison with the electricity price, rather
than attempting to evaluate the environmental benefit
of the renewable energy.

4.4.4 Tax credits
A tax credit is another variant of the fixed price 
mechanism. Whether an incentive is a tax credit or a
cash payment is immaterial from a socio-economic or
investor perspective. However, politically it can be
important whether an incentive is paid by the electricity
consumer as a levy or by the taxpayer within general
taxation. If small, levies on regular payments are not
noticed, whereas tax increases may become political
nightmares.

The largest wind power market to make use of a tax
credit is the United States. Also Canada is considering
introducing a tax driven system. The US market is 
driven by the federal Production Tax Credit (PTC), which
is worth approximately 1.8 cents per kWh. It is adjusted
annually to take inflation into account. However each
annual assessment may become politically fraught.

In recent years, there have been three separate phases
of the US PTC. The first PTC ended on June 30th 1999,
and was not renewed until January 1st 2000. That new
PTC expired on December 31st 2001. Again, there was
a gap before its extension was announced in March
2002, and this third PTC continued until December
2003. At present (March 2005), the tax credit has again
been extended until the end of 2005 and it is difficult to
say, if it will be further extended. 

As a result of the short lifetime of each individual US
PTC, the market has been very volatile and charac-
terised by “boom-bust”-cycles. Activity is usually picking
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up dramatically prior to the end of a PTC. There was
much activity in late 1998 and early 1999, but almost
no activity in 2000, and a great deal of activity again
in 2001. Activity was picking up again prior to the
December 2003 deadline, although 2004 was a year
with low development in the US. At the time of writing
(March 2005) it seems that 2005 will be a very busy
year for wind power sector in the US. For both
investors and manufacturers, these boom-bust cycles
are very problematic because it makes planning very
difficult. Most European wind turbine manufacturers
have plans to start local production in the Unites
States but are reluctant to implement them until more
long-term stability is secured. It should be empha-
sised that the boom-bust cycles associated with the
annual review of the US PTC are not unique to tax
credits. Boom-bust cycles can appear with any 
mechanism that has short period review and thus is
an effect of unstable policy, rather than of a particular
mechanism per se.

4.5 Fixed quantity systems
In fixed quantity systems or “Obligated Renewable
Quota” systems (in the United States: Renewable
Portfolio Standards), the government sets a quota for
the amount of renewable energy that should be 
produced or traded in specified time intervals (e.g. per
year). It is then up to the market forces to determine the
price. Nevertheless, some form of regulation is needed.
Two types of mechanisms have been used to control the
uptake of capacity to meet the aims of the renewable
quota systems, namely : Tendering and Green
Certificates.

4.5.1 Tendering systems
Tendering or competitive bidding is used to promote
forms of RES-E in the Republic of Ireland, France (for
wind farms larger than 12 MW) and was previously used
in the UK (Scotland, Northern Ireland, England and
Wales). Developers submit their wholesale sale price for
electricity, so bidding for a limited wind energy capacity
in a given period. The companies that bid to supply 
electricity at the lowest costs win the contracts to do so.
Usually 15-20 year power purchase agreements are
entered into. The difference in price between the 
contracted tariff and the wholesale price of conventional
power is paid to the developers/owners from a levy,
which represents the additional cost of producing green
electricity.

In practice, one of the major drawbacks of the tendering
mechanisms is the encouragement to ‘play games’
within the system. For instance, wind energy is a 

technology that becomes cheaper with time.
Therefore, a contract holder may delay as long as pos-
sible to build a project. Partly because of this inherent
flaw, the UK NFFO (Non-Fossil Fuel Obligation) tender
system did not result in many projects being build.
Another flaw of the NFFO model was that it did not
penalise developers if they failed to install the capac-
ity for which they had secured a power purchase con-
tract. In principle anyone was free to make an unrealistic
low and unprofitable bid, win the contract and not
develop the project. The ineffectiveness of the British
NFFO system led the government to abandon the
model and introduce a new system based on tradable
green certificates (see below). Another unfortunate
result of tendering, especially for wind power, is that
sites are selected without regard for environmental
impact. For instance tendering in the UK encouraged
wind turbine sites on hills in ‘wilderness’ regions,
which provoked opposition from the public, especially
against the visual impact. In practice, the Feed Law
mechanisms have had a much softer impact.

The UK NFFO has been heavily criticised for its failure to
deliver, and the British experience has discredited ten-
dering systems substantially. The NFFO had obvious
flaws, as described above, but that does not necessarily
mean that tendering systems cannot function if they are
designed better than the NFFO. The problem with falling
production cost over time could have been overcome by
introducing deadlines and penalties. The model should
be combined with a performance bond and meaningful
penalties for failing to meet the contract. Finally, local
planning procedures in the UK allow opposition to delay
or prevent projects, despite the intentions of central
government, which contributed to the disappointing 
performance of the NFFO.

If designed correctly, tendering systems may work.
One of the main attractions of the model is that the
15-25 year power purchasing contracts that bidders
compete for are enforced under civil law. From an
investor risk perspective, long contracts are very
attractive, since it minimises risk. A second attraction
of a well-designed tendering system is that the govern-
ment, (as well as electricity users and taxpayers) do
not have to make best guesses about the cost devel-
opment of producing wind power. The political risk of
not controlling subsidies with tendering systems is
less than with fixed price systems. However, investors
are faced with another risk element under tendering.
All developers that enter a bid risk losing the 
planning costs if the bid is not accepted or if planning
permission is not eventually given for the development
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project. Of course, other mechanisms can also have
long-term contractual arrangements, which is always
favourable.

Following the UK NFFO experience, most countries
have disregarded tendering procedures. At present
Ireland continues its competitive bidding procedure
through the AER, but is considering changing its system.
The overall objective of the AER is for 500 MW of new
renewable energy capacity in the period 2000 to
2005. The winners of tenders are awarded power 
purchase agreements for 15 years. 

Denmark has a tendering procedure for its future off-
shore wind power development. The country, which
already generates about 20% of its electricity from
wind power (2004), is following a strategy that future
development of wind power should be offshore, 
combined with repowering of onshore wind energy.
The 2004 tender sought two offshore wind farms,
each with a capacity of 200 MW, and the results of
the tenders were expected in 2005. 

If designed correctly, tendering systems could be
designed to function, just as with offshore oil and gas
leases. However, it still remains to be proved in reality
that the system can be effectively applied to signifi-
cant RES-E power investments. The sunk planning
cost risk described above will also have an effect on
the ownership structure in the RES-E energy market.
For example, as projects increase in size, the wind
power sector is already witnessing a shift in owner-
ship away from individual ownership towards larger
developers and power companies. The popular 
element of the early days of wind power co-operatives
and individual ownership will probably vanish unless
new collective project development institutions are
developed. Another effect of the tendering system
would be that development is likely to be concentrated
in the windiest areas, as found in the UK. That could
be desirable from an economic efficiency perspective
(although it would have a negative effect on the 
geographical spread needed to smooth wind power
intermittency), but may have implications for planning
and public opinion.

The model is probably better suited for large offshore
wind farm projects than onshore wind power. But the
planning issues must be dealt with, deadlines must be
in place and there should be meaningful penalties for
not building. Imposing price caps seems to be incom-
patible with the basic idea of tenders, so the market
provides price signals for the RES-E generation.

4.5.2 Tradable green certificate systems
Tradable Green Certificate Systems (TGC) is a mecha-
nism that in some ways resembles the tendering 
system. The main difference is that the price for the
power and certificate is settled at a daily basis on the
electricity market and a separate market for tradable
certificates (tendering systems are typically based on
15-25 year power purchase agreements). With daily
settling of prices, the TGC model is more risky for the
investor unless effective markets for long-term power
purchasing contracts and cer tificates contracts 
(probably based on financial futures or options) are 
in place.

If a tradable green certificate market works effectively,
the price of a certificate would reflect the difference
between the market price of electricity and the 
generation costs of new renewable generating capacity.
The value of a certificate thus represents the 
additional cost of producing renewable electricity 
compared to conventional sources. That value, it
should be noted, will only by coincidence be equal to
the abated external costs of conventional power, i.e.
the environmental benefits of renewables.

In theory, for to date there is not a settled TGC market
for RES-E, the TGC mechanism works as follows: (i) the
government sets a specific and gradually increasing
quantity, or minimum limit, for the amount of renewable
electricity in the supply portfolio; (ii) an obligation is
placed on either the electricity suppliers or end users
of electricity (it is of little importance who has the 
obligation); (iii) the generators (producers), whole-
salers, retailers or consumers (depending on who is
obligated in the electricity supply chain) are obligated
to supply / consume a certain percentage of electricity
from renewable energy sources; (iv) at the settlement
date, the operators have to submit the required number
of certificates to demonstrate compliance. 

Those obligated obtain certificates in three ways:
• they can own and operate renewable energy plant;
• they can purchase certificates from another renewable

energy generator. 
• they can purchase certificates from a generator or

broker, i.e. purchasing certificates that have been
traded independently of the power itself.

The (gradually increasing) obligation creates a demand
for TGCs. It is left to the market to deliver the supply of
certificates. TGCs are issued to producers of renewable
electricity in proportion to the volume of green electricity
they generate. A TGC serves as evidence that a 
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specific amount of green power has been produced and
fed into the grid. If demand for certificates exceeds
supply, the amount of renewable electricity produced
tends to be less than the government quota so the mar-
ket price of certificates increases. The price will contin-
ue to increse until the price satisfies the investors’
requirements for return and new capacity will be
installed to meet the quota. In practice, as in the UK, a

cap is set for the maximum TGC price by allowing 
obligated companies to pay a ‘fine’ (buy-out price) for
lack of compliance. The money of these ‘fines’ is, in the
UK, recycled to the RES-E suppliers, which further
encourages new RES-E capacity.
Table 1.5 gives an overview of various certificates
models

Table 4.5

Overview of various certificate models
Denmark UK Belgium Belgium Italy Sweden

(Abandoned. (Flanders region) (Wallonia)
Never operational)

Period Abandoned Start 2002 Start 2002 Start 2002 Start 2002 Start 2003
Obligated 20% by end 2003 3% in 2002; 1.2% (2003), 3% in 2003 2% in 2002 7.4% in 2003,

capacity or share (proposal  4.3% in 2003; 2% (2004) increasing up to and will be 16.9% in 2010
of total supply abandoned) 10.4% in 2010; increasing to 12% in 2010 From increased

15% in 2015 6% in 2010 September 2010 annually by 
onward, the quota 0.35% between  
will be multiplied 2004 and 2008

by a factor of 1,01
Obligation on End-user Supplier Supplier Supplier Producers and End-user

importers
Technology bands No No No No No No
(baskets) within 

overall quota
Technologies small hydro, wind, small hydro, all renewables, all renewables all renewables small hydro 

involved biomass, solar -, wind, biomass, no solid municipal and high quality (incl. large hydro), (<1,5 MW),
geothermal energy, photovoltaic, waste CHP facilities not large hydro

no waste wave, but, not older than (only in some cases),
waste combustion 8  years wind, biomass,

geothermal,
wave energy

International trade No No No No Yes, but only in Trading scheme 
allowed exchange with with Norway

physical electricity planned
Floor price 14 €/MWh Not planned. Floor prices set at federal level: From 1st n.a. Floor prices are

of July 2003 onwards the grid operator planned for the
has the obligation to buy TGC issued  introductory phase:
anywhere in Belgium for the minimum 6.6 €/MWh in 2003;
prices per TGC (in size of 1MWh) of: 5.5 €/MWh in 2004;

offshore wind 90 €, on-shore wind 50€, 4.4 €/MWh in 2005; 
hydro: 50€, solar energy: 150€, 3.3 €/MWh in 2006;

biomass: 20€ 2.2 €/MWh in 2007;
Within Wallonia, RES-E from 2008 onwards

producers may exchange their TGC for no floor price
a subsidy at a fixed price of 65 €. is planned.

Penalty 37 €/MWh The Buy out price is  75 €/MWh (75€ From 1st of April 2003 84 €/MWh (2004) 150% of the market 
£30,51/MWh per missing onwards: 500 €/MWh price – but with a 

(for 2003/2004) certificate in size of (100€ per missing maximum of about 
(~45 €/MWh) 1MWh) in 2003; TGC in size of 1MWh) 19 €/MWh in 2004,

10 €/MWh in 2004; respectively 
and 125 €/MWh 26 €/MWh in 2005

in 2005
Trading scheme Stock exchange Stock exchange Open, trading Free or in the Open

and direct support power pool.

Comments: Denmark: The TGC was initially proposed in 1999 but was abandoned before ever becoming operational. UK: As per 2004, the certificate price is higher than the
penalty level / buy-out price. This is because penalties for non-compliance are recycled to the suppliers that have met their obligation. The system is deliberately designed this
way to create an additional incentive for early deployment Belgium: The green certificate system are administered by the regions who are also responsible for issuing certificates.
Only offshore wind energy certificates are regulated at the federal level. Italy: In reality the system is a combination of fixed prices and fixed quantities as GRTN (Italian
Transmission System Operator), in practice, sets the certificate price. The certificate price is related to the regulated price of the previous system (CIP6)
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The TGC mechanism is more complex in operation
than other payment mechanisms. RES-E operators
have to be active in two interrelated financial markets:
one for TGCs and one for power. One of the problems
is that there seems to be an asymmetry between the
demand and the supply side in the markets. RES-E
owners would prefer to have as long contracts as 
possible to minimise risk, while the electricity companies
on the demand side seem to prefer short contracts –
also to minimise costs. It is essential that the 
certificate market is able to attract financial arbi-
tragers and speculators that can allocate risk.

Ideally there should be no floor and no cap on the
price of certificates. However, there will need to be a
penalty for not complying. As any other penalty, it
should ideally be set at a level so high that it need
never be enforced. A high penalty is one of the con-
tributors to the successful US sulphur dioxide market.
If the penalty is set too low (i.e. too close to the
expected market price of the certificates, as in the
UK) it will in effect have the characteristics of a price
controlling factor, which may delay reaching the target
RES-E capacity.

In the ideal market, the price of the TGC and the 
expected price of electricity will always total what econ-
omists call the «long term marginal cost» of producing
a product, in this case the costs of adding one more
unit, e.g. one more wind turbine, to the generating
base. In reality, any change in costs associated with
RES-E production will be compensated for by an equal
change in the combined income from selling the elec-
tricity and selling its accompanying certificate. If, for
example, interest rates rise, so will the combined 
payment. If sites with poorer power potential are
used, the combined payment will also rise. And if 
technology improves, the combined payment falls. 

In theory, under an RPS, all changes, or rather all
expected changes, in the cost determinants of RES-E
investment will be immediately reflected in the com-
bined price of electricity and the price of renewable
energy certificates (TGCs). Likewise, a reduction in
electricity prices will be accompanied by an equal rise
in the price of the certificate.

The role of the TGC market, as any other market, is to
establish a price according to the laws of supply and
demand. But determining a price is problematic when
supply and demand are fixed in the short term (the
problem of vertical demand and supply curves). A

price cannot be determined if a situation where
demand equals supply is an exception. The effect will
be that the price will tend to be ‘banging’ either
against the price cap created by the penalty or the
price floor (if there is one), and never ‘floating’ in the
mid-range, unless specific design features are
applied.

In order to eliminate the price fluctuations caused by
the fixed demand and to secure flexibility in payment,
a system of «banking» must be available. Certificates
will be issued at the time of production of renewable
energy and will be destroyed, in accordance with the
requirements of the obligation, on delivery to an inde-
pendent authority. But there will most likely be an
imbalance between actual production of RES-E and
the quota obligation for any given period. The market
must be structured to cope with the imbalance. A
banking system could be a solution. Such a system
gives consumers the option of buying future production
and gives RES-E plant owners the option of selling
future production by trading borrowed certificates.
This stabilises fluctuating prices by creating a basis
for long-term certificate purchase contracts. The system
thus allows participants in the market the option of
hoarding certificates in the expectation of future price
changes, and RES-E plant owners the option of 
borrowing certificates in case their plant does not 
produce enough electricity to meet their long term
delivery contracts.

For owners of wind turbines and their financiers, it
is of paramount importance that any payment 
system allows reasonable certainty for cash flow
projections. In support systems based on fixed
price, this tends to be less of a problem. But with
selling of both power and certificates on spot 
markets with fluctuating prices, it could become a
problem, which increases the risk and thereby the
cost of producing RES-E. 

Financial long-term contracts would limit this prob-
lem through the establishment of well-functioning
futures or options markets. By selling electricity and
cer tificates on long term futures or options 
contracts, the risk (and the price) can be reduced.
Futures and options contracts make it possible to
sell or buy certificates for delivery some time in the
future at a price that is agreed upon today. Such a
market would be helped by an institution to facili-
tate trade and guarantee delivery if the RES-E 
generator is unable to deliver. 
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Another aspect to consider is whether all renewables
technologies defined in the Directive on Promotion of
Electricity from Renewable Energy Sources should be
included in a single «umbrella certificate» or whether
a certificate for each technology is the answer. One
certificate, however, only ensures development of the
cheapest technology, while several cer tificated 
technologies will result in a market with dangerously
low liquidity, at least in the beginning of development.

One way to deal with the problem is to accept, for
example, that photovoltaic power (PV) is 10 times
more expensive than wind power and issue 10 times
as many certificates to PV producers than to wind 
producers for the same amount of power. But such a
solution brings us back to the problem of the fixed
price systems: there is no easy way of estimating the
true production costs of the various technologies,
which makes it difficult to determine the proportional
relationship between the costs of wind and PV. What
if the cost of PV decreases 10% from its current high
level, and the certificate proportion is not changed
quickly enough to reflect the decrease? Investment in
solar PV would soar and nobody would invest in cheaper
renewables options, even though the latter may be
several times cheaper in real terms. Offshore wind,
being more expensive than the onshore variety, gives
rise to the same problem and a way needs to be found
of stimulating its development.

Furthermore, issuing certificates in proportion to esti-
mated production costs requires constant evaluation
of the costs of technologies and political intervention
in the form of changed certificate proportions. The
political risk in such a market would be substantial.
One certificate for all technologies (an umbrella cer-
tificate) would also make it impossible to determine
the price of pollution abatement in relation to the 
individual technology. Consequently, it would not be
possible to determine when a technology no longer
needs support. Thus: an umbrella certificate will still
have a positive value when the least costly technology
becomes competitive. The risk is that support will be
given to technologies that no longer need it.

On the other hand, the liquidity problem of having 
several certificates cannot be ignored. Low liquidity is
a problem for efficiency in every market. There are
compromise solutions, however. Certificates could be
issued to different technologies in exactly the same
proportions, with the less competitive technologies
receiving additional subsidies. Or instead of granting
direct capital investment subsidies, auctions could be
held for subsidised contracts, to encourage competi-
tive bids, much along the lines of the British Non
Fossil Fuel Obligation legislation. A further alternative
is to have obligated quotas divided into technology
bands.

Renewable obligation certificates in the United
Kingdom
The most important mechanism in the UK for the 
promotion of green electricity is the Renewables
Obligation (RO). This policy scheme came into force in
April 2002 and replaced the previous NFFO (Non
Fossil Fuels Obligation) based on a competitive 
bidding mechanism. Suppliers have to demonstrate
the compliance with the RO through tradable green
certificates – the so called Renewables Obligations
Certificates (ROCs). Each ROC represents 1 MWh of
renewable electricity from eligible generators. OFGEM,
the British Regulator, is responsible for the adminis-
tration of the RO, i.e. for the control of compliance.
For the period of 2003/2004 suppliers have to meet
an obligation of 3.4% of each supplier’s total provided
electricity. The quota obligation runs on a yearly basis.
The obliged target will increase to 10.4% in
2010/2011. An increase of the quota after 2010 has
been agreed in principle. 

To meet the RO suppliers have 3 possibilities:
• to pay for the ROCs in association with the supply

of renewable energy purchased from eligible gener-
ators;

• to buy ROCs from other suppliers or from the NFPA
which periodically puts the ROCs (acquired under
the existing NFFO contracts) on auction;

• to pay the penalty or “Buy-Out Price” set by OFGEM
for the non-compliance of the quota.



38

SUPPORT SCHEMES FOR RENEWABLE ENERGY • A COMPARATIVE ANALYSIS OF PAYMENT MECHANISMS IN THE EU 

S
U

P
P

O
R

T
 S

C
H

E
M

E
S

 2
0

0
5

Figure 4.4

ROCs issued in the period October 2002 to
February 2003 by technology and country 

(Note: 1 LEC = 1MWhel).

Source: OFGEM (2003)

The Buy-Out Price (which is in effect a fine or penalty) is
now set at £30.51 per MWh, although it can be varied
by the Minister in the future. All penalty payments, repre-
senting the shortfall between the obliged and actual
presented ROCs, are placed in a central fund. This fund
is redistributed only to those suppliers which have met
the obligation. The money redistributed is in proportion
to the number of ROCs each of those suppliers originally
presented. Therefore the real costs for a supplier who
is not complying with the obligation are higher than their
total Buy-Out Price payments (‘fines’), since they forgo
the opportunity to be included in the redistribution. In
contrast, accomplishing and surpassing the RO target
provides additional economic incentives. That explains

why ROCs trade at higher prices than the Buy-Out price.
That situation can be expected as long as the market is
short of the obligated total of RES-E. 

Figure 4.4 depicts the number of ROCs (Renewable
Obligation Certificates) issued in UK between October
2002 and February 2003 by technology and country. 

4.5.3 Indirect promotion strategies
Aside from strategies which directly address the pro-
motion of one (or more) specific RES-E technologies,
there are other strategies which may have an indirect
impact on the dissemination of renewables.

The most important are:
• Environmental taxes on electricity produced with

non-renewable sources;
• Taxes/Permits on CO2 (Climate Change) emissions;
• Fossil and nuclear subsidy reduction (not exactly

renewable promotion, rather this is rectifying a 
market failure)

To promote RES via energy or environmental taxes,
two options exist:
• RES-E can be exempted from taxes (energy taxes,

sulphur taxes etc.);
• Or, if there is no exemption for RES, taxes can be

(partially or wholly) refunded.

Both measures lead to an improved competitiveness
for RES-E on the market and can apply for both estab-
lished (old) and new plants. 

A short summary on existing indirect strategies in 
EU-15 countries is given in Table 4.6.

Table 4.6 

Energy taxation with exemptions for RES in various EU-15 countries
Taxation with exemptions for RES

Denmark Carbon-based, sulphur- and energy-taxation: Existing RE-plants (wind, biomass, biogas) are exempt from the CO2-taxation
(1.3 €c/kWh)

Finland Carbon-based environment tax in force since 1990. Since 1997 an exemption on energy tax for renewables electricity is
implemented. The tax is refunded to the producers which use wood-based fuels, wind- and small-scale hydro power.

Germany 1999, „Ökosteuerreform“: Energy tax (tax for electricity in 2000: 0.01 €/kWh, increasing yearly. 2003 - Fifth stage:
Electricity tax: 2.05 €c/kWh). Electricity from renewables is exempted

Sweden Carbon-based, sulphur- and energy-taxation: RES-based electricity production is not taxed.
The Netherlands From January 2003 users of green electricity are partially exempted from paying the Regulatory Energy Tax (REB or

Ecotax.). The Ecotax exemption was in 2003 2.9 €c/kWh. (reduced from 6€c/kWh as in 2002)
Electricity suppliers can use the green certificates to claim the Ecotax exemption.

United Kingdom Climate Change Levy (CCL): The tax is to be levied on business customers with effect from April 2001. Carbon neutral fuels
are exempted. Current Levy rate is 4.30 GBP/MWh
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European Emission Trading Directive 
On 23rd of October 2001, the European Commission
proposed a Directive on a European Emission Trading
Scheme within the Member States. In January 2005
the European Union Greenhouse Gas Emission
Trading Scheme (EU ETS) commenced operation as
the largest multi-country, multi-sector Greenhouse
Gas emission trading scheme world-wide. The scheme
is based on Directive 2003/87/EC, which entered
into force on 25 October 2003.

The Directive is based on the EU’s Kyoto obligation to
reduce, by 2010, the emission of greenhouse gasses
by 8% compared to 1990. The Directive sets carbon
dioxide caps on emissions from numerous industrial
sectors (e.g. electricity generation). 

Emitters of large amounts of carbon dioxide are 
allocated emission allowances for free on the basis of
national allocation schemes. If they reduce the emis-
sions to less than the quantity assigned to them, they
can either sell the surplus allowances to participants
that do not fulfil their obligation or they keep surplus
allowance for later use. Consequently, enterprises
that exceed their freely allocated allowances can pur-
chase emission permits in the market. The scheme
consists of two periods: 2005-2007 (pilot phase) and
2008-2012 (first obligation period of Kyoto Protocol).

The importance of the Directive for RES-E is uncertain
and very much depends on whether a short-term or
long-term perspective is taken. Nevertheless the 
following aspects can be noted:

• The price of an emission allowance is unlikely to
ever fully equal the external costs of the polluting
power production. 

• The effect of the Emission Trading Scheme on
renewables crucially depends on the method of
allocation and the reduction target.

Two general misconceptions have evolved about the
European Emissions Trading Scheme (ETS):

• Emissions trading will certainly benefit the
uptake of renewables

• Emissions trading places an additional cost 
burden on conventional power production 

The ETS is an effective and potentially powerful tool
to meet targets for emissions of greenhouse gasses.
But its effects on the relative competitiveness
between the various power technologies, specifically

its relative effects on renewables and non-renewables,
are not yet well understood. 

In a conventional power market that is characterised
by limited competition29, a conventional power plant
operator can gain considerable windfall profits from
the EU emissions trading scheme. The reason is that
price-fixing in the electricity markets are based on the
marginal cost of production, i.e. the cost of the last
produced kWh. The cost of an emission allowance will
therefore apply to the marginal unit of electricity that
sets the price on the market, raising the market price
for all kWh produced. So fossil power producers will
receive the higher price for each kWh they produce but
the cost of buying CO2 emission allowances will only
apply to the very small share of total kWh’s produced
that are not allocated for free. With limited competi-
tion, power companies will be able to pass on the
price increase at the margin for the total electricity
supplied to consumers.

The higher electricity price is unlikely to have significant
short-term effect on the wind power markets (at least
those markets where wind turbine owners receive fixed
tariffs), as these are sheltered from direct competition
with conventional sources. In countries that run mech-
anisms based on fixed premiums, notably Spain, rev-
enues to wind turbine owners could increase; however
the political response would probably be an equal
reduction in the environmental bonus, leaving renew-
able power producers unaffected by the price increase.

One analyst has estimated the windfall profits to
European power generators of the ETS to be in the
order of €11-12 billion per year, assuming the current
relative low carbon prices. With higher prices, the profits
are even greater. Pricewaterhouse Coopers, a consul-
tanting company, has surveyed the largest European
power producers. A large majority of these responded
to the survey by stating that emissions trading will
have a positive impact on the valuation of their 
company, in effect indicating a windfall profit.

But who stands to lose, if conventional power gains and
renewable energy producers are left more or less unaf-
fected? The losers are the electricity customers. Due to
the limited competition in the wholesale power markets,
they have to pay a high price for all the kWh they purchase,
although the extra production costs for the power plant
only apply to a very little share of total power produced.

29 See e.g. the European Commission’s four annual Benchmarking Reports on the Implementation of the Gas and Electricity Internal Market. Fourth report: COM(2004) 863,
January 2005.
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In the longer term, as the quotas are tightened (and / or
free allocation is replaced by auctioning of allowances),
wind power and other renewable energy sources could
benefit from an increased emissions allowance price
and increased alternative abatement costs. 

A more significant impact of emissions trading on mini-
mal climate change-emission technologies (renewables
and nuclear power) can be expected if the free allocation
(grandfathering) method is replaced by 100% auctioning
of allowances. That would also create less market 
distortions between technologies and between new
and existing players. 

Furthermore, it would remove all the potential com-
petitive distortions resulting from determining the
level of free allocation through National Allocation

Plans in the Member States, which has characterised
the start of the European Emissions Trading Scheme.
However, 100% auctioning is unlikely in the short
term. The Emissions Trading Directive states that for
the period 2005-2007, Member States should allocate
at least 95% of emission allowances for free. For the
period 2008-2012, 90% of allowances shall be 
allocated for free. 

Emissions trading can – if designed correctly - be a
successful tool to reduce greenhouse gas emissions,
but it does not serve the same purposes as policies
to promote the development of renewable energy
sources, and in its current form it works contrary to
the overall aim of the Electricity Directive to provide
consumers with the lowest possible power costs in
order to increase European competitiveness.
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An ideal payment mechanism for development of
renewable energy technologies is not by itself sufficient
for an extensive deployment of renewable sources.
Several other issues have also to be in place, which, if
not implemented, means that even the best payment
mechanism has little chance of success. 

There are four main ingredients in a potentially effective
overall promotion strategy for renewables:

1. Well designed payment mechanisms
2. Grid access and strategic development of grids
3. Appropriate administrative procedures and

streamlined application processes
4. Public acceptance

Any framework for the development of renewable energy
sources has to include the above four components. If
one is missing, deployment of renewables will be
severely restricted. 

RE-Xpansion has focused primarily on the first com-
ponent – the support scheme. In annex 1, the issue
of grid integration is addressed. In the following 
sections the preconditions for the evaluation of the
different support schemes will be discussed, as will
the concept of the support scheme itself.

The analyses of support schemes carried out in this
report are undertaken under the following preconditions:

• The use of support schemes is considered in the
short to medium-term perspective as well as in the
long-term perspective. However the harmonisation
of RES-E support schemes would likely be a lengthy
and complicated process, due to the great 
differences not only among Member State policy
traditions, but also among their goals. Therefore,
the evaluation criteria discussed in this paper focus
mainly on the medium to long-term perspective. 

• It is assumed that barriers such as lack of 
proper planning procedures, and problems 
associated with access to electricity grids, are
tackled outside the framework of suppor t
schemes, and they will therefore be considered
here. However, these issues are equally critical
when creating well functioning framework condi-
tions for renewable energy deployment.

The main objective of this chapter is especially to 
evaluate the various support schemes for RES-E that
are already in use in the EU Member States, or could
be brought into use in the future, based on feed-back
from stakeholders. The report handles three main
tasks in this part of the project:

1. Identification and discussion of criteria for 
evaluating support schemes. This part includes
a description of each of the chosen criteria and
a determination of the weights associated to
each criterion based on a questionnaire among
selected experts.

2. Definition of the most important generic support
schemes and the development of an improved
version of these generic schemes with the aim
to illustrate the impact of mechanism design
improvements. The chosen generic schemes
include investment subsidies, feed-in tariffs,
premiums, tendering systems and tradable
green certificate systems. In the advanced 
versions, the generic schemes are developed /
redesigned according to the flaws identified for
each of the criteria.

3. Finally, to carry out a survey to evaluate the 
various generic and advanced support schemes
utilising the expertise of a large number of experts
within the energy and RES-E field. Therefore, as
part of this project, an Internet-based survey was
sent out to more than 500 persons for the 
purpose of getting their evaluation of the support
schemes according to the defined criteria.

In the Internet-based background report30, the results
of the evaluation are presented and discussed.

5.1 Evaluation criteria

5.1.1 The EU Directive on renewables
According to the EU Directive (2001/77/EC) on the
promotion of electricity produced from renewable
energy sources, the European Commission shall, no
later than October 2005, evaluate the support mecha-
nisms used to promote renewable technologies in
Member States. This evaluation will detail the 
successes, including cost-effectiveness, of the various

5. Evaluation of support schemes

30 Available at www.ewea.org – “Evaluation of Renewables Support Schemes”
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support systems and will, if necessary, be accompanied
by a proposal for a community-wide framework for 
suppor t schemes for RES-E. According to the
Directive, any proposal for a framework should:

1. Contribute to the achievement of the national
indicative targets; 

2. Be compatible with the principles of the internal
electricity market; 

3. Take into account the characteristics of different
sources of renewable energy, together with the dif-
ferent technologies, and geographical differences; 

4. Promote the use of renewable energy sources in
an effective way, and be as simple and, at the
same time, as efficient as possible, particularly
in terms of cost; 

5. Include sufficient transitional periods for national
support systems of at least seven years and
maintain investor confidence.

The RES-E Directive is our starting point for the 
development of criteria for the evaluation of support
schemes in this project. These criteria must not only
include the above-mentioned requirements (1) to (5)
as stated by the EU renewable directive, reflecting
political consensus, but should also be open to other
issues important from economic and policy stand-
points, as well as from an investor confidence view-
point, reflecting the discursive role of science vis-à-vis
policy-making and industrial activity.

5.1.2 The evaluation criteria
With the starting point as the requirements listed in
the EU Directive, a short proposal is given below for
the criteria to be used to evaluate the support
schemes. The list is intended to be comprehensive,
while at the same time avoiding overlaps and 
maintaining simplicity. 

The criteria are divided into ten categories: 

1. Simple and transparent in design and imple-
mentation, implying low administration costs 

2. High diversity of the technologies supported
3. High investor confidence
4. Encouraging lower manufacturing costs
5. Capable of reducing the price for power con-

sumers
6. High effectiveness in deployment
7. High conformity with the power market and with

other policy instruments
8. Facilitating a smooth transition process 

9. Encouraging local and regional benefits
10. Increasing public acceptance of renewable

technologies

In addition the mechanisms are evaluated with
regards to their ability to internalise external costs, a
central EU policy objective laid down in the EC Treaty. 

In the following, each of the ten categories is
described and discussed in more detail. 

Simple and transparent in design and implementa-
tion, implying low administration costs
Some support schemes may in theory seem ideal, but
in reality they may be costly and dif ficult to 
implement. Is the support scheme transparent and
easy to understand making it reliable for investors? Is
the scheme capable of keeping down the transaction
costs for developers/investors, the sunk planning
costs as well as the administrative costs of the 
public bodies? 

• Is the functioning of the support scheme transparent
and easy to understand, making it conducive for
investors?

• Transaction costs for developers and investors
(owners) should be kept low. Easy and transparent
access to information on investment-related data is
important, and the same goes for the operation and
administration costs for existing plant.

• The costs for administration of the support scheme
itself should be low, regardless of whether the
scheme is managed by public authorities, system
operators, private companies, independent agencies,
or some combination. All administrative costs need
to be considered, i.e., also those that arise from RE
generators, electricity distributors or electricity 
consumers.

High diversity of the technologies supported
In general, the aim of the support schemes is to 
promote renewables in the broad context. The main
argument for supporting renewable technologies is to
develop these to a stage in the future where they no
longer need support. It should never be considered a
political goal to pick technology winners and losers,
and the cheapest technology today is not necessarily
the one that has the most potential for becoming the
cheapest in the future. Nevertheless, dif ferent
schemes and their variations may favour specific
renewable technologies. This may not be in 
accordance with political priorities. 
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• What diversity of technologies is promoted? 
• How is the lock in/lock out problem handled?
• Is the development of pre-market technologies

an integral part of the support scheme, or is it to
be treated outside the scheme?

• Does the suppor t scheme allow sufficient 
consideration of differences in the social value of
different technologies, for instance, differences
in their positive or negative external effects?

High investor confidence
Investor confidence is a question of the level of 
support and the expected continuity of the scheme.
Thus, is the support scheme capable of attracting a
wide range of new investors to the field and does it
possess a long-term stability that makes it trust-
worthy for the investors? How well does the scheme
fit with the mobilisation of the entrepreneurial, 
organisational, and financial resources of society,
and thereby support and enhance demand for RES-E?
What level of risk to the investor is inherent under
each scheme?

• Does the scheme attract a good range of manufac-
turers, developers and service providers, such as
insurance companies and finance institutions into
the field?

• Does the scheme possess long-term stability charac-
teristics that makes it trustworthy for the investors?

• Is it possible to achieve an appropriate level of 
profitability of new renewable technologies as seen
from the investor viewpoint?

• Risk as perceived by the investors – how much will
be added as a risk premium? This risk can be further
subdivided into a political, economical and techno-
logical risk – the importance of each of these will not
only depend on the support scheme itself, but also
on the technology in question (maturity). It should be
recalled that high investor risk will be passed on to
end consumers in the form of higher cost of 
increasing the share of renewables electricity.

• Risk as perceived by the financial institutions – how
does the addition or reduction of risk through the
support scheme affect the cost of capital?

• Is the support scheme institutionalised in a way
that is legally stable and/or politically trustworthy
from the viewpoint of investors? I.e. can it be 
overturned / altered easily after a change of 
government, significantly increasing political risk?

• Is the support scheme efficient in the mitigation of
investor risk? 

Encouraging lower manufacturing costs
It is important that the support scheme is efficient in
driving down the costs incurred by all parties con-
tributing to the development of RES-E plant, such as
for manufacturers of equipment, component 
manufacturers, developers, land-owners, providers of
ancillary equipment and services, etc. Promotion of
competition is not only about creating a level playing
field, but also about having a multitude of players.
Thus, the important issues are:

• Does the scheme in general encourage competition
among manufacturers and service providers?

• How well suited is the support scheme to the
reduction of costs to manufacturers? This could be
analysed to a degree through the study of RES-E
price-trends, supplemented by observed price 
differences of the same technology among EU
Member States depending on the support scheme
in question. 

• How fast and cheap can the support mechanism
establish a “real” market? 

• Should different support mechanisms be imple-
mented at different levels of technological maturity?

• What impact does the support scheme have on the
international competitiveness of the European 
RES-E industry?

Capable of reducing the price for power consumers
Although a scheme may in general be efficient in driving
down the costs of renewable technologies, such
benefits may not necessarily be passed on to power
consumers. Undesirable distributional effects between
different groups in society might arise:

• Does the scheme possess a strong ability to pass
on lower technology costs to the consumers?

• Who will benefit economically and who will lose
when one support scheme is utilised over another,
and are such distributional effects acceptable for
society?

• Does the support scheme include a fiscal bur-
den, i.e., costs that need to be covered by taxes?
Or is it independent of the state budget? Are
there risks related to the development that is
cheaper for society as a whole to bear than for
individual project developers.

High effectiveness in deployment
The essential issue is how fast and how effectively
does the scheme promote the development and
deployment of RES-E. This can be measured quantita-
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tively for existing schemes - as we have seen up to the
present, feed-in tariff schemes have been very effective
in the installation of wind power capacity (Germany,
Spain, Denmark), while the initial tendering system in
the UK (not continued) proved to be less effective in
this regard. Therefore, it is important, when analysing
the success or failure of existing or past systems, to
establish whether factors not directly covered through
a support scheme have influenced the outcome. For
example, it is widely recognised that planning proce-
dures, rather than the tendering procedure itself, was
a main determining factor of failure in the former UK
renewable deployment framework NFFO, and that the
original scheme was a chance outcome of a policy to
assist nuclear power. RES-E deployment also depends
on a number of other criteria, such as the efficiency
of the scheme in attracting entrepreneurs and 
developers.

• Experience until now – where have we seen a fast
development of renewables and which mechanisms
have been used?

• The suppor t mechanism should encourage 
efficient, low cost production of renewable energy,
not only capacity expansion.

• Does the support scheme promote a particular geo-
graphical pattern of RES-E production? Economic and
non-economic advantages or disadvantages of this.

High conformity with the power market and with
other policy instruments
Through the adoption of the EU Electricity Directive,
the EU Member States are in a process of liberalising
their power markets and of having new policies, such
as emission trading and other Kyoto instruments.
Some countries already have fully liberalised power
markets including power exchanges, while others are
still in transition. Thus, it becomes increasingly important
to consider how well a support scheme for renewables
fits into a liberalised power market and the eventual
development of real competition in the European
power markets. Moreover, positive and/or negative
synergisms may arise between the support scheme
and other existing or planned EU or Member State pol-
icy instruments. As is well known, the use of an
International Certificate Scheme for renewables may
interfere with national strategies for CO2–reduction
and international trading of CO2 allowances. Similar
effects may also be found in the use of other policy
instruments. Moreover, a support scheme may 
interfere with the general efficiency of the energy 
system, including the use of specific energy 

conversion technologies, e.g., CHP plants utilising bio-
mass. The following issues should be addressed:

• Does the support scheme encourage competition
among producers of electricity?

• Does the support scheme have any impact upon
(or make specific demands upon) the technical
functionality of the power system within a liberalised
power market? 

• Does the support system significantly influence
the price-determination of the power market, and
is this influence beneficial or detrimental? The
conditions for the support system may influence
how a liberalised power market can “absorb” the
quantities of produced renewable power.

• Will the support scheme integrate easily with the
EU-wide CO2 trading scheme?

• How does the support scheme impact on energy
efficiency? What impact does the suppor t
scheme have on conversion efficiency (mainly in
the bio-energy sector) and combined heat and
power production?

• What impact does the support scheme have on
the general energy system? Does it favour RES
solutions that fit well into the energy system, or
does it promote less optimal solutions (e.g.
issues such as intermittence, power quality, 
dispatchability)?.

• Does the scheme promote efficient use of grids
for electricity, heat and gas transmission and 
distribution? Or are grid resources regarded as
free goods / natural monopolies? 

• Does the support scheme fit well with the aim of
strengthening the single market (not just the
electricity market, but markets for technology,
services, labour and capital)?

Facilitating a smooth transition process
• There will be occasions when a new scheme

replaces one already in place, and the transition
phase between the two is important. 

• Is the transition to a new scheme likely to be a
simple or complex matter?

• What will be the duration of the transition period?
• Will the transition period have significant impact

on the credibility of the old scheme or its 
replacement?

Encouraging local and regional benefits
The development of renewable technologies can have
significant impact on the local or region where it is
implemented. Local / regional benefits may be felt,
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especially for industrial development, increased
employment and local income generation. If such ben-
efits accrue to less developed regions in need of 
preferential treatment, this would provide an example
of a positive synergy between RES-E policy and EU
regional policy. Furthermore, positive local effects can
provide important public support for the renewable
energy policy itself. 

• Does the suppor t scheme encourage
local/regional development and employment?

• Does the support scheme support local/regional
income generation?

Increasing public acceptance of renewable tech-
nologies
Some support schemes involve public involvement
that may hinder or facilitate the acceptance of renewable
technologies. Such involvements may be of a local
nature, as in the example of Danish special 
conditions for co-operatives establishing wind power
plants. Others may be more general, e.g., perceived
impact of wind power on bird populations.

• Does the scheme itself contain elements that
promote or discourage the public acceptance of
renewables?

• Does the scheme have impact on the creation of
user organisations or other forms of stakeholder
involvement?

5.1.3 The weights of each criterion
The relative importance of the ten criteria has been
derived through an electronic questionnaire circulated
to industry experts31. The sum of the weights adds up
to 100. Thus the average weight is 10 and the relative
importance of each criterion can be assessed by
observing if the average is above or below a score
(i.e. a mark) of 10. To assess the answers in the ques-
tionnaires, the average values and standard deviations
of the marks are calculated, where the last-mentioned
values (in columns 4 and 5) indicate the variation of
marks for that question. Thus a low standard deviation
implies that the respondents have agreed well on the
importance of a criterion, while a high standard 
deviation implies a wide spread of answers. Moreover,
the maximum and minimum values of marks are
shown in Table 5.1.

Table 5.1

The main results of the questionnaire
Average Standard Std. Dev. Max Min

mark deviation (% of mark mark
mark)

Simplicity 9.9 5.75 58.3 20 0
Diversity of technologies 8.4 6.50 77.6 30 0
Investor confidence 20.6 10.84 52.7 50 0
Lower manufacturing costs 6.7 5.51 82.6 20 0
Lower consumer price 7.6 7.15 93.9 30 0
Effectiveness 17.0 9.50 56.0 40 0
Policy conformity 8.2 5.15 62.9 16 0
Smooth transition 4.3 3.10 72.3 10 0
Local benefits 7.8 4.96 63.9 18 0
Public acceptance 9.7 9.05 93.1 40 0
Total 100 - - - -

Figure 5.1 

Average and standard deviations calculated for the
answers of the questionnaire

Two criteria come out with significant higher scores
than the other criteria. Investor confidence comes out
with the highest score of almost 21, more than double
of the average score. As shown in Figure 5.1, Investor
confidence also has a fairly small standard deviation,
implying that the respondents have a reasonable
agreement of this subject. The second highest score
is gained by Effectiveness with a relative importance
of 17 and as for Investor confidence a fairly small
standard deviation. That these two criteria both come
out with high scores is even more noticeable, given
that respondents could perceive effectiveness as
being a function of investor confidence.

31 For full details see RE-Xpansion background report “Evaluation of Renewables Support Schemes”
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A large group of criteria comes out at almost the
same level ranging from approximately 7 to 10. This
group include Simplicity (9.9), Public acceptance
(9.7), More technologies (8.4), Policy conformity
(8.2), Local benefits (7.8), Lower consumer prices
(7.6) and Lower manufacturing costs (6.7). As shown
in Table 5.1, high standard deviations are calculated
especially for Lower consumer prices and Public
acceptance, indicating that the respondents have
given quite different answers to these criteria. But
also concerning the inclusion of More technologies in
the support scheme and Lower manufacturing costs
fairly high standard deviations are calculated, indicating
a certain disagreement on the importance of these
topics. Finally, as the only criteria a Smooth transition
process is considered to be of less importance (a
score of 4.7) when evaluating the different renewable
support systems.

The scores achieved in this questionnaire will be used
as the relative weights (indicating their relative impor-
tance according to the respondents) when calculating
the average scores in the following evaluation of the
various generic and advanced support schemes.

5.2 The generic and improved support schemes
As there are wide differences between the design of indi-
vidual mechanisms, even between mechanisms of the
same type, a number of generic and improved (or
advanced) support schemes have been defined, which
should be evaluated against the criteria defined in section
5.1.2. The definitions of the mechanisms have been 
chosen, partly to reflect actual schemes and partly to
allow us to show some of the theoretical justifications for
designing mechanisms in a particular way to better meet
the overall criteria. When moving from the generic to the
advanced mechanisms the mechanisms should improve
in overall performance. However, moving from a generic
to an advanced mechanism does not necessarily
improve a mechanism’s performance on all criteria, e.g.
the advanced models tend to be less simple than the
generic ones and one would therefore expect these to
obtain lower scores on the simplicity criteria.

The definitions of the five generic and five improved
support schemes are shown below. For a more detailed
elaboration on the assumptions for the defined support
schemes, see the Internet based RE-Xpansion report
“Evaluation of Renewables Support Schemes”.

Table 5.2

Generic and advanced support schemes 

Investment subsidies
Generic Advanced

The current level of support is known up front. Support is Level and duration of support for new installations for the coming 
defined as a % of the approved investment costs. five years is announced.
Future price of electricity unknown (spot price known). Power purchase agreements (PPAs) of maximum three years are

available. (Ideally the PPAs should be at least ten years,
but this is considered unrealistic to achieve in the short to 
medium term in all European power markets).

The level of support is the same for each technology Support level varies between technologies, reflecting differences in
and reflects the cost of the cheapest technology. cost structures.
The investment subsidies are paid by the electricity consumer 
as a levy within power bills.

Fixed feed-in tariffs
Generic Advanced

Only Current tariff known, i.e. future changes in level unknown. Tariffs guaranteed for existing capacity for period sufficient to recover
investment (10-20 years depending on technology and the level of
the tariff).

Duration unknown. Tariffs can be changed, reflecting changes in cost structures, but
new tariffs only apply to new investments.

The tariff is the same for each technology and reflects the Support level varies between technologies, reflecting differences in
cost of the cheapest technology. cost structures.
The tariff is paid by the electricity consumers. Tariffs vary according to resource availability on sites (stepped

feed-in tariff). The tariff is structured so that it is still more profitable
to put turbines in the most resource rich areas.
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Fixed premium systems
Generic Advanced

Only current premium known, i.e. future changes in level unknown. Premium guaranteed for existing capacity for period sufficient to
recover investment (10-20 years depending on technology and the
level of the premium).

Duration unknown. Premium can be changed, reflecting changes in cost structures, but
new premiums only apply to new investments.

Future prices of electricity unknown (spot price known). Premium level varies between technologies, reflecting differences in
cost structures.

The premium is the same for each technology and reflects the Premium level does not vary according to resource availability.
cost of the cheapest technology.
The premium is paid by the electricity consumers. Power purchase agreements (PPAs) of up to three years available.

(Ideally the PPAs should be at least ten years, but this is considered
unrealistic to achieve in the short to medium term in all European
power markets).

Tendering systems
Generic Advanced

The level of support is known up front by the winner of the tender. The tender is based on an auction over the lowest 15-year Power
Purchase Agreement (PPA).

Future prices of electricity unknown. Deadlines and meaningful penalties for exceeding deadlines.
No technology banding, i.e. the renewable energy technology Technology banding introduced, i.e. different tenders are
is not specified in the tender. announced for each renewable technology.
No penalties / performance bonds.
No deadlines for construction.
Is it based on an auction over lowest premium / kWh for 
15 years above an unknown future market price for electricity.
The premium is paid by the electricity consumers as a levy
within power bills.

Tradable green certificate systems
Generic Advanced

Future electricity prices unknown (spot price known). Power purchase agreements (PPAs) of up to three years available.
(Ideally the PPAs should be at least ten years, but this is considered
unrealistic to achieve in the short to medium term in all European
power markets).

Future certificate prices unknown (spot price known). Contracts on certificates of up to three years available. (Ideally the
certificate contracts for at least ten years should be available, but
this is considered even more unrealistic to achieve than for PPAs in
the short to medium term in all European power markets).

Duration of scheme unknown. Long-term (at least 20 years) mandatory targets known.
Mandatory targets setting a gradually increasing quota. Duration of scheme known.
Penalties for non-compliance. Gradually increasing quota.
No price cap or floor on certificates. Technology differentiation.
No technology differentiation.
The certificate is paid by the electricity consumers.
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5.3 Results of the survey evaluating support
schemes

To evaluate the generic and the advanced support
schemes, as defined in section 5.1.2, a survey was
carried out in the period 17 January to 7 February
2005, reaching a large number of people with 
knowledge within the energy field32. Figure 5.2 shows
the respondents’occupation.

Figure 5.2

Respondent’s occupation

In the following, the results of the unweighted as well
as the weighted ratings (see section 5.1.3) are given.
The unweighted averages are as calculated directly on
the answers given in this survey. For calculating the
weighted averages the weights from section 5.1.3 for
each criterion are used.

The RE-XPANSION survey comprised two versions of
five types of suppor t mechanisms: Investment
Subsidies, Fixed Feed-in Tariffs, Fixed Premiums,
Tendering and Tradable Green Certificates. 

For each support scheme – both the generic and the
advanced – the respondents were asked to award a
score to 10 different criteria (see section 5.1.2). Zero
was the lowest score and ten the highest.

5.3.1 Unweighted scores of support mechanisms

Figure 5.3 

Average scores for each of the five support
schemes in a generic and an advanced version

The average scores calculated on the responses given
in the survey for each of the evaluated support
schemes are illustrated in Figure 5.3. As shown in the
figure, the Feed-in tariff received the highest score,
both for the generic scheme and for the advanced
scheme. In the generic version, the Feed-in Tariff
scored 4.9, compared to a score of 6.8 in the
advanced version. As shown on the figure, the Feed-in
Tariff is well ahead of the other support mechanisms.
For the generic scheme, the Investment Subsidy ranks
second, marginally higher then the Premium scheme,
while the opposite is the case for the advanced
scheme. Finally, the Green Certificate system ranks
four for both versions, while the Tendering Procedure
gets the lowest scores. 

As could be expected, the average unweighted
scores for each of the 2 x 5 support schemes is in
general higher for the advanced scheme than for the
generic one, but the scores follow the same trend.
The largest gap between the generic and the
advanced version appears for the Feed-in-Tariff,
where the score for the advanced version is 6.8 vs. a
score for the generic one of 4.9. Thus the design
changes considerably improve the Feed-in Tariff,
according to the respondents. Tendering Procedure
gets the lowest score with 3.7 in the generic version
and 4.8 in the advanced version.

32 See Internet-based background report
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5.3.2 Average weighted scores
In the above-mentioned calculations, each criterion
gets the same weight, but of course this need not be
so. The importance of each criterion was therefore
investigated in a questionnaire, as reported above.
The outcome of this questionnaire is repeated in
Table 5.3, where the determined weight of each crite-
rion is shown in the first column and the standard 
deviation in the second. 

Table 5.3

The main results of the questionnaire
Average weight Standard 

Deviation (%)
Simplicity 9.9 58.3
Diversity of technologies 8.4 77.6
Investor confidence 20.6 52.7
Lower manufacturing costs 6.7 82.6
Lower consumer price 7.6 93.9
Effectiveness 17.0 56.0
Policy conformity 8.2 62.9
Smooth transition 4.3 72.3
Local benefits 7.8 63.9
Public acceptance 9.7 93.1
Total 100 -

As shown in Table 5.3, the Investor confidence 
criterion is the most important issue with the highest
weight of 20.6, while the lowest weight is related to
the Smooth Transition criterion, which gets a weight of
4.3. These weights are now used in the calculation of
the weighted average scores for each of the 2 x 5 
support scheme versions. The results are shown in 
Figure 5.4. This will give an indication of the overall
performance of the mechanisms as perceived by the
respondents.

Figure 5.4

Average weighted scores for each of the 
five support schemes in a generic and

an advanced version

As it appears on Figure 5.4, the use of the weighted cri-
teria does not change the ranking of the support
schemes much. Again the Feed-in Tariff has the highest
score, both for the generic version and for the advanced
one. The Investment Subsidy ranks two in the generic
version, followed by the Premium scheme, however
these two change place in the advanced version.
However, only marginal differences are found between
the scores of the Investment Subsidy and the Premium
scheme. The Green Certificates ranks four and the
Tendering Procedure has the lowest score of all. 

In general, most of the average weighted scores are
slightly higher than the average unweighted ones. For
the Feed-in-Tariff, the average weighted score in the
generic version is 5.1 compared with 4.9 in the
unweighted calculation. Correspondingly, the average
weighted score in the advanced version is 7.2, com-
pared to 6.8 in the unweighted calculation. The excep-
tion is the Green Certificate system that comes out with
marginal lower scores in the weighted calculations.

5.4 Detailed survey results
In the following, the scores of each criterion for each
support scheme is described and commented on in
more detail.

5.4.1 Investment subsidy
For the Investment Subsidy scheme there appears to
be quite a difference in the scoring for the generic and
the advanced versions as shown on Figure 5.5. 
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Figure 5.5

Detailed results for the evaluation of investment
subsidies in the generic and advanced version

As shown, the advanced version does improve the
score according to most criteria, but not to all. For the
Simplicity in Design, the generic version scores higher,
the advanced version being evaluated to be more com-
plicated than the generic one. In general there are
improvements to be found when going from the gener-
ic to the advanced version. Significant higher scores
are achieved by the advanced version for Diverse
Technologies and Investor Confidence The first-men-
tioned one has a score of 3.5 in the generic version,

compared to 6.3 in the advanced one, implying that
the advanced version is doing much better in supporting
a broad range of renewable technologies. The score of
Investor Confidence is raised from 5.1 to 6.4, when
going from the generic to the advanced version.

The comments given in the survey to the various 
criteria focus on:
• Regarding Investor confidence, it will depend on the

level and timeframe of the subsidy.
• Regarding Manufacturing costs, there will be no

effect as the subsidy only will reduce up-front costs.
This also goes for Reducing price for consumer.

• Regarding Effectiveness, an investment subsidy is
considered a good kick-off mechanism, but again it
will depend on the level of the subsidy and the
enforcement mechanisms.

• Regarding the Conformity with the power market, it
should be coordinated with other policies to give
optimal price signals.

• Regarding a Smooth transition, it depends on annual
adjustments.

• Regarding Local benefits, its effect depends on local
potentials, costs and amount of specific support.

5.4.2 Feed-in tariff
Also for the Feed-in Tariff there appears to be quite a
big difference in the scoring for the generic and the
advanced versions, as shown on Figure 5.6, indicating
the desire for an improved design. 

Figure 5.6

Detailed results for the evaluation of a feed-in tariff
in the generic and advanced version
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For all criteria, a higher score is achieved in the Feed-in Tariff
when going from the generic version to the advanced one.
Simplicity in Design gets the highest score in the Generic
scheme (6.8), while this criterion only gets a slightly higher
score in the advanced version (7.1). But significant higher
scores are seen in the advanced version in a number of
cases: For the ability to handle support to a broad range of
technologies (Diverse Technologies), the score is increased
from 3.9 in the generic version to 8.0. For Investor
Confidence, it is increased from 5.5 (already high in the
generic version) to 8.7 and, finally, for Effectiveness it is
increased from 5.9 (also very high) to 8.4.

Thus according to all criteria, the Feed-in Tariff actually
achieves reasonably high scores both in the generic
and the advanced version, with the only exceptions
being the Diversification of Technologies and the
Lower Consumer Costs for the generic version.

Comments given in the survey to this support mecha-
nism focus on:

• Regarding Diverse technologies, it would require
different tariffs to different technologies.

• Regarding Investor confidence, this support
scheme is essential for technologies not that
close to the market.

• Regarding Manufacturing costs, it will depend on
an effective digression rate. 

• Regarding Low consumer price, fixed tariff does
not by definition create lower prices.

• Regarding Effectiveness, empirical evidence in
countries such as Germany, Spain and Denmark
show that the Feed-in Tariff is effective.

• Regarding Conformity with power market, it 
creates a parallel market for renewables.

• Regarding a Smooth transition, it helps to start
up the market and should be revised regularly.

• Regarding Local benefits, there is no direct benefit,
but depends on the ownership of the installations.

5.4.3 Premium
The Premium support scheme shows for most criteria
fairly small variations. For the generic scheme,
Simplicity in Design gets the highest score with 5.4,
while this criterion gets a slightly lower score in the
advanced scheme. But according to all other criteria
the scores are higher when going from the generic version
to the advanced one. Significant improvements are
found for the Diverse Technologies criterion, where
the score is increased from 3.0 in the generic version
to 6.4 in the advanced one, and for Investor
Confidence, where the score is raised from 4.2 to 6.4,
see Figure 5.7 for more details. 

Figure 5.7

Detailed results for the evaluation of a fixed 
premium scheme in the generic and advanced version
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Comments given in the survey to this scheme concern:
• Regarding Simplicity in design, it is more compli-

cated than fixed tariff systems.
• Regarding diverse technologies, Premiums

should be differentiated.
• Regarding Investor confidence, it gives less con-

fidence than fixed tariff systems.
• Regarding Effectiveness, it depends on the level

of the premium.
• Regarding the Smooth transition, it will also

depend on the frequency in changing the premi-
um.

• Regarding Local benefits, it is closely related to
local investments.

5.4.4 Tendering procedure
The support scheme of the Tendering procedure gets
the lowest score of all support schemes and only
moderate higher scores are achieved, when going
from the generic version to the advanced one. The
results are illustrated in Figure 5.8.

Figure 5.8

Detailed results for the evaluation of a tendering
procedure in the generic and advanced version

The largest increase in score when moving from the
generic to the advanced version is achieved in relation
to the ability to support a broad range of renewable
technologies (Diverse Technologies) and Effectiveness.
For the first-mentioned, the generic version gets a
score of only 2.3, which is increased to 5.4 when an
advanced version is adopted. Effectiveness also
comes out with a very low score in the generic version
of 2.8, which is raised to 4.3 in the advanced version
– though this is still a low score compared to other
support mechanisms. But also Investor Confidence is
increased quite a bit, from 3.7 in the generic version
to 5.1 in the advanced one.
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Comments from the survey to the Tendering 
procedure focus on:

• Tendering systems require strong efforts, and
simplicity in design is especially important for a
transparent and mature market.

• Regarding Investor confidence, the duration of
PPAs is usually approx. 20 years in advanced 
tendering systems.

• Regarding Effectiveness, it depends on level of
penalties and enforcement mechanisms. And
anyhow, it has not worked anywhere for wind
energy.

• Regarding a Smooth transition, tenders have to
be large to be manageable. 

• Regarding Local benefits, local investors are 
usually excluded and local authorities are not
involved as producers.

5.4.5 Green certificates
According to the survey, Green Certificate Schemes
are perceived to be high cost and inefficient mecha-
nisms. For the Green certificates, the generic and the
advanced scheme have quite some differences in the
scoring pattern, as illustrated in Figure 5.9. 

Figure 5.9 

Detailed results for the evaluation of a green 
certificate scheme in the generic and 

advanced version

The generic scheme for Green Certificates comes out
with very low scores for the criteria on Simplicity in
Design (3.4), the ability to support several technologies
(2.8 for Diverse Technologies) and Investor Confidence
(3.1).

For all criteria we find higher scores when going from the
generic scheme to the advanced one. This is especially
significant for criteria such as Diverse Technologies,
where the score is increased from 2.8 in the generic 
version to 5.8 in the advanced one, Investor
Confidence the score increasing from 3.1 to 5.0 and
finally, Effectiveness, where the score increases from
3.9 to 5.1, when going from a generic scheme to an
advanced one.

Nevertheless, even in the advanced version of the
Green Certificate system low scores are found for the
two most important criteria, Effectiveness and
Investor Confidence, when compared to other support
mechanisms. For Effectiveness the Green Certificate
system ranks as number four with a score of 5.1,
compared to Feed-in Tariffs with a score of 8.4. Only
a Tendering Scheme scores lower than Green
Certificates for effectiveness. For Investor Confidence
the Green Certificates gets the lowest score of all,
only 5.0 compared to the Feed-in Tariffs score of 8.7.

Though, for the criterion on Smooth Transition Green
Certificates has the highest score of all, 6.4 compared
to the second highest score of 5.4 for Tendering
Procedures. In the survey, the score of Green
Certificates Lowering manufacturing costs is not 
outstanding, in general at the same level as Feed-in
Tariffs, Tendering Procedures and Premium Tariffs.
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Comments given in the survey to this scheme focus on:
• Regarding Simplicity in design, it should ideally be

launched on a European market.
• Regarding diverse technologies, it depends on tech-

nology differentiation and level of application.
• Regarding Investor confidence, it is less effective

than feed in tariff and premium.
• Regarding Effectiveness, it may be effective if well

designed.
• Regarding a smooth transition, it is even more 

facilitated if there are minimum prices for green 
certificates.

• Regarding Public acceptance, this depends mainly
on other factors.

5.5 Variability of results
In this section we will illustrate the uncertainty of the
results of the survey. For all support schemes and crite-
ria we have found a considerable variability of results,
although of course this variability depends on the indi-
vidual criterion and support scheme. In the following, the
variability of the most important criteria, that is Investor
Confidence and Effectiveness, will be described in more
detail.

Figure 5.10 shows how the responses on the criterion
Investor Confidence are distributed on the different
scores from zero to ten. 

In general we see a spread in the responses; all
schemes having scores ranging from zero to ten. But a
general tendency is that the scores are pushed to higher
levels (the curves are pushed to the left), when going
from generic to advanced versions. Thus for Investment
Subsidies, we find that the bulk of marks are around five
in the generic version, pushed towards higher scores in
the advanced version, where most marks are distributed
around five, seven and eight. Thus we do only see quite
few responses at the low score levels in the advanced
version. But still there is quite some variability, though
the standard deviation goes down from 51% for the
responses of the generic version to 38% in the advanced
version33.

Figure 5.10

How the responses on Investor Confidence are 
distributed on scores for each of the support

schemes. Observe the different y-axes
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So in most cases, considerable variability is found in
the responses. The highest standard deviation is found
for Green Certificates of almost 80% in the generic 
version, reduced to 51% in the advanced one. The
Premium Tariff has in the generic version a standard-
deviation of 58%, reduced to 35% in the advanced 
version, while a Tendering Procedure in the generic 
version has 68% and in the advanced one 57%. 

There is one outstanding exception in the variance of
results: The Feed-in Tariff in its advanced version has
no marks at the lower score levels of zero, one and
two, and a very limited number at three, four and five.
Almost 40% of all responses rate the advanced Feed-
in Tariff to the highest score of ten. The standard 
deviation of responses of the Investor Confidence cri-
terion is reduced from approximately 50% in the
generic version to less than 20% in the advanced one.
So in general, the respondents agree significantly on
the superiority of the Feed-in Tariff for Investor
Confidence.
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Figure 5.11

How the responses on Effectiveness are distributed
on scores for each of the support schemes
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Figure 5.11 shows how the responses on the criterion
Effectiveness are distributed on the different scores
from zero to ten. Again almost the same picture is
seen, as for the Investor Confidence criterion. There is
a high spread on the responses for Investment
Subsidies, Premium Tariff and Green Certificates with
standard-deviations of 56%, 60% and 71%, respectively
for the generic version, reduced to 45%, 45% and 53%,
respectively in the advanced versions. 

The Feed-in Tariff is again exceptional, with no
responses at the zero and one score levels and a high
number of the nine and ten score levels for the
advanced version. The standard deviation for the Feed-in
Tariff is calculated to 50% in the generic version and
reduced to 23% in the advanced one.

For effectiveness, the Tendering Procedure comes out
with very low scores both in the generic version and in
the advanced one. In the generic version Tendering
has no nine or ten level scores and even in the
advanced version only one ten is scored. The stan-
dard deviation for the Tendering Scheme is calculated

to 74% in the generic version and reduced to 58% in
the advanced one. Thus, although there is a 
significant spread of the responses, in general the
respondents agree that the Tendering Scheme is 
not very effective in the deployment of renewable
technologies.

In general, a significant spread is found on the
responses to the other criteria of the survey, with the
tendency of reducing the variance when going from a
generic to an advanced scheme. No specific 
outstanding results are found on the variability of the
responses of the other criteria.

5.6 Conclusions on the survey
This section describes three main tasks:

1. Identification and discussion of criteria for 
evaluating support schemes. 

2. Definition of the most important generic support
schemes (e.g. Feed-in Tariff) and development of
an improved version of these generic schemes. 

3. The survey to evaluate the various support
schemes, utilising the expertise of a large number
of experts within the energy and RES-E field.

In the following, conclusions are drawn on each of
these tasks specifically.

Criteria for evaluating support schemes
In the project, ten criteria were identified and defined
as the important ones in evaluating support schemes.
The list of criteria was intended to be comprehensive,
while at the same time effort has been made to avoid
overlaps and maintain simplicity. On the bases of the
criteria descriptions an electronic questionnaire was
designed to determine the importance of each of
these criteria. The main results from the question-
naire includes:

• The most important criterion is Investor
Confidence, which in the questionnaire recieves
a weight of 20.6% (10% is the average).

• The next highest weight is related to the criterion
Effectiveness (17%).

• Following these two is a large group of criteria
with weights of 7% to 10%, including criteria as
Simplicity in Design, the ability to encourage the
development of a broad range of RES-technologies
and Public Acceptance.

• The lowest weight is achieved by the criterion
Smooth Transition with a value of 4.3%.

• The criterion on Lower manufacturing Costs came
out with the second lowest value of 6.7%.
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In general, all criteria, except the Smooth Transition,
were found to be of significance, but with Investor
Confidence and Effectiveness accounting for almost
40%. Owing to the importance of covering all aspects
of the support schemes, all the ten criteria are used
in the following evaluation.

The most important support schemes - generic and
advanced versions
In the project, five types of support mechanisms were
defined: Investment Subsidies, Fixed Feed-in Tariffs,
Fixed Premiums, Tendering, and Tradable Green
Certificates. These were all described in two versions:
A generic, simplified version and an improved,
advanced one. When moving from the generic to the
advanced version the mechanisms should improve in
most, if not all, issues of performance.

The most important issues identified when moving
from a generic to an advanced version include:

• The stability and continuity of the support
scheme is improved, e.g. tariffs are guaranteed
for a number of years ahead.

• Power purchase agreements for a number of
years ahead are made available.

• Suppor t levels vary between technologies,
reflecting differences in cost structures.

• For support schemes as Tendering penalties are intro-
duced to ensure that deadlines are not exceeded.

The results of the survey on the evaluation of renew-
able support mechanisms
To evaluate the generic and the advanced support
schemes, a survey was conducted in the period 17
January to 7 February 2005. An Internet-based ques-
tionnaire was send to a gross population of 551
experts, of whom 60 responded giving a response
rate of 11%. The quality of the answers was excellent,
expectedly because no experts were allowed to skip
any questions, but were redirected to the unanswered
parts of the survey. This in turn can have had a 
negative impact on the overall response rate, some
experts skipping the whole questionnaire because
they were not allowed to skip specific questions.

The main results from the survey are the following:
• Both the unweighted and weighted  results clearly

show that the Feed-in Tariff is the preferred support
scheme by the respondents of the survey. This is
the case both for the generic version and the
advanced one.

• The Investment Subsidy ranks as number two for
the generic scheme, marginally higher then the
Premium scheme, while the opposite is the case
for the advanced scheme.

• The Green Certificate system ranks four for both
versions, while the Tendering Procedure gets the
lowest scores.

• In the advanced version the Feed-in Tariff ranks
high for almost all criteria. For those criteria,
identified as the most important ones that is
Investor Confidence and Effectiveness, the
advanced Feed-in Tariff gets no score below three
and for a significant number of respondents it
scored at very high levels, nine or ten.

• In general, higher scores are found for the
advanced scheme than for the generic one. The
largest gap between the generic and the
advanced version appears for the feed-in-tariff,
where the score for the advanced version is 6.8
vs. a score for the generic one of 4.9 (unweight-
ed). Thus there is seen to be a considerable high-
er score for the Feed-in Tariff, when the scheme
is improved.

• Even in the advanced version of the Green
Certificate system, low scores are found for the
two most important criteria, Effectiveness and
Investor Confidence, when compared to other sup-
port mechanisms. For Effectiveness the Green
Certificate system ranks as number four with a
score of 5.1, compared to Feed-in Tariffs with a
score of 8.4. For Investor Confidence the Green
Certificates gets the lowest score of all, 5.0 
compared to the Feed-in Tariffs score of 8.7.34

• In the survey the score of Green Certificates on
this issue of lowering the manufacturing costs of
new technologies is not outstanding, in general
at the same level as Feed-in Tariffs, Tendering
Procedures and Premium Tariffs.

5.7 Incorporating externalities in support
schemes

In section 3, we examined the issue of externalities. In
this section a closer look at existing promotional strate-
gies for renewable energy sources is taken. This is to
determine which strategies have the best potential to
establish a level playing field between all energy 
generation technologies by internalising external costs. 

What role can external cost analysis play in existing
and future renewable energy promotion strategies?

34 Weighted by the weights determined in the formerly applied questionnaire on the importance of the ten criteria. 
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External cost analysis could serve, (i) as input to
assist decisions of policy makers, (ii) as a tool to
measure the economic benefits of renewable energy
strategies and (iii) as a basis for the design of policy
instruments (e.g. internalisation of external costs). 

In the first case, a comparison of the external costs
of different energy technologies can help to design
policies to overcome the disadvantages of clean energy
technologies with high internal but low external costs,
which have to compete with conventional energy 
technologies with low internal but often high external
costs. Such policies neither need to know the exact
differences of the external cost nor do they need to
know the exact form of the marginal abatement cost
curve for the reduction of pollution. As long as the
right order of magnitude of the difference in the external
costs is taken into account, such policies may already
improve the competitive situation of the different
energy technologies. Based on this knowledge 
technology policies (aiming at research, development
and demonstration) or diffusion policies (like investment
subsidies or bonus payments) for clean technologies
may be guided to overcome the economic disadvan-
tages of clean energy technologies.

In the second case, benefits of renewable energy
strategies can be evaluated by measuring the avoided
external costs. Such an exercise was described in
section 3 of these guidelines for 28 countries in
Europe. It presents how much external costs of con-
ventional generation has been avoided by the use of
wind energy in 2000 and how much external costs
can be avoided under the assumed scenario by the
year 2020 (the total avoided external costs in 2000
are 1.8 billion euros and more than 25 billion euros in
2020, due to a larger share of electricity produced by
wind energy in the 2020 market. Based on such
orders of magnitude, diffusion policies may get some
orientation about the order of magnitude of justified
financial incentives for clean energy technologies.

The third case deals with the question of how external
costs can be incorporated into energy costs. As
shown before, reaching an economically “optimal”
level of pollution requires authorities to intervene to
establish a level playing field. Unlike most of the exist-
ing renewable energy promotion strategies, policy
instruments based on external cost analysis have a
direct effect on the polluters, so incorporating the
damage costs caused by their pollution into the ener-
gy price and according to the kind and quantity of 

damage. In this way, a level playing field is created
and renewable energy systems are competitive due to
the internalisation of external costs, i.e. to indirect
strategies.

A question arises of the extent to which payment mech-
anisms for renewables may also lend themselves to
internalise external costs, thereby creating a level
playing field. To answer this question, fixed and 
premium tariffs as well as tendering and trading of
renewable certificates are further analysed under this
perspective.

Fixed and premium tariffs
By means of external cost analysis, the “optimal level
of pollution” can be found and translated into a cost
per kWh (e.g. tax) to the polluter. Such tax needs to
be based on the pollution causing the external costs
to be internalised. Thus, it can not be directly linked
to the use of renewable energy sources.
Nevertheless, attempts can be made to compile all
the net advantages in external costs of the use of a
renewable energy source such as wind energy, as
compared to the conventional energy sources
replaced by its use. If an internalisation of all external
costs of energy through a tax does not seem feasible,
such aggregated net differences in external costs
between clean renewable energy sources and 
conventional energy sources may serve as a basis for
the calculation of fixed or premium tariffs. 

Such a renewable promotion strategy tries to create a
level playing field to help renewables access the mar-
ket without major disadvantages due to differences in
external costs. A strategy based on fixed or premium
tariffs gives the renewable generator a fixed price per
kWh or a premium over the energy market value
(based on internal costs) to compensate for relatively
higher internal cost of the clean renewable energy.
Fixed or premium tariffs can be set making use of
external cost analysis. This can be done by giving
directly to the renewable energy generator the net 
difference of the specific external cost of replaced con-
ventional sources and the renewable energy source.

Figure 5.12 depicts how a price-driven mechanism, such
as a Feed-in Tariffs, lends itself to being adapted to
“internalise” net differences in external costs. In this
case the tariff is not designed to match the price per
kWh of RES-E, instead the external cost is applied as
a contribution to the clean technology. For that reason
it could be argued that Feed-in Tariffs are the second
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best solution after environmental taxes (the polluter
principle) especially fixed premium systems. They are
second best price solutions because they only correct
the relative prices of the competing energy supply
technologies. They do not correct the incorrect 
relative prices of energy towards any other market
activity, such as the use of energy saving technologies.
Existing fixed premiums are not based on very
detailed assessments of differences in external
costs, although, the argument has played a role since
the early 1990s.

Figure 5.12

Feed-in tariffs based on external cost

In this report, the avoidable external cost abated by
wind energy per kWh electricity generated was calcu-
lated, as shown in sections 3.4 and 3.5 and for the
years 2000 and 2020. A premium tariff for wind ener-
gy based on external cost would be equal to the avoid-
able specific external cost calculated (see section 3).
As an example, a premium tariff for Spain in 2000
would be between 4.13 and 21.09 Eurocents per kWh
and a fixed feed-in tariff would need to add the spe-
cific internal cost.

Tendering and green certificate systems
Under these strategies, a government sets the quantity
of RES-E required for a given period of time (by tender or
by obliged compliance with renewable certificates) and
leaves it to the market to determine the price by 
introducing competition between the electricity 
producers. Thus, the internal cost of expanding 
renewable capacity is reduced by such competition. 

Since these mechanisms are capacity-driven strategies,
the cost of a kilowatt-hour can not be directly affected
to internalise specific external cost, the renewable
energy price is a dependant variable following supply
and demand forces. The specific external costs can
be reached only coincidentally when either the 
certificate price or the tariff in the tender is high
enough (as the example Figure 5.12). In other words,
a capacity driven strategy is not able, by itself, to
internalise specific external cost. 

In cases where external cost may be almost impossible
to estimate, as for long term external costs of global
climate change induced by anthropogenic GHG 
emissions, it can be argued that a ‘quantity driven’
strategy may still be the best strategy available to
secure that critical concentration of greenhouse
gases will not be reached. Such strategy would, 
nevertheless, use quantity regimes for GHGs and not
for renewable energy sources.

Summarising the discussion so far, concerning the
internalisation of external costs, the promotion of
renewable energy technologies can only be seen as
an indirect policy, because the direct internalisation
would always need to relate to environmental or
health damages of polluting technologies and their
emissions directly. 

5.7.1 Conclusions and recommendations on
externalities role in RES-E policy

Based on our considerations concerning the internali-
sation of external costs in the promotion of renewable
energy technologies, a few conclusions can be drawn
and some recommendations can be given.

Conclusion 1: Because the policy targets for the intro-
duction and diffusion of renewable energy sources
into the market aim for more than the internalisation
of external costs, such policies cannot simply rest on
the internalisation of external costs.

Conclusion 2: Because the external costs of global
climate change due to anthropogenic greenhouse gas
emissions cannot be adequately quantified (due to
the fact that most damages will happen in 50 to more
than 100 years), no optimal emission policy (in the
economic sense of the word) will ever be possible.
Any policy trying to take global warming into account
will need to start from a quantity regime for the 
limitation of greenhouse gas emissions.

➠
➠
➠
➠

Cost
$/kWh

Social cost
conventional energy

Renewable energy price

Conventional energy price

Conventional Renewable

Premium 
tariff

Fixed
tariff

Premium 
tariff

Fixed
tariff(based on External cost)

■ Specific Internal cost
■ net difference of the specific external cost of replaced 

conventional sources and the renewable energy
■ Internalisation in the renewable price
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Conclusion 3: Because the external costs of conven-
tional air pollutants, e.g. SO2 and NOX can be derived
quite accurately, these external costs can be taken
into account in the design of environmental as well as
energy policies.

Conclusion 4: In general, it is preferable to inter-
nalise a known external cost directly via a tax instead
of by any indirect application through renewable energy
policies, as such taxes (on conventional energy
sources) set all relative prices right. Whereas, the
internalisation for only renewable energy sources (as
through a fixed premium) only corrects the relative
prices between the polluting conventional energy
technology and the promoted renewable energy 
technology.

Conclusion 5: As monetary incentives for renewable
energy technologies, such as fixed Feed-in Tariffs,
Fixed Feed-in Premiums or Investment Subsidies, can
be directly related to the net difference in external
costs between the renewable energy technology in
question and the replaced conventional energy tech-
nology, such policies offer an advantage with respect
to the internalisation of external costs as compared to
quantity regimes. Nevertheless, as long as the 
external costs due to greenhouse gas emissions can-
not be adequately quantified, a major part of the
external costs avoided by the use of renewable 
energy sources cannot be included in such internali-
sation of renewable energy policies.

Conclusion 6: Quantity-oriented renewable energy
policies need to be justified on other grounds than the
attributable internalisation of external costs, as such
quantity targets cannot be derived from the differences
in external costs between polluting conventional and
clean renewable energy technologies.

Consequently, the recommendations of this report, in
so far as externalities are concerned, are as follows:

Recommendation 1: As far as possible, known external
costs should be internalised through appropriate 
pollution taxes on the polluting energy technologies.

Recommendation 2: The problem of greenhouse gas
emissions (GHGs) and the anthropogenic greenhouse
effect needs to be dealt with in a quantity regime for
GHGs, which can assure the adherence to safe maxi-
mum concentrations of GHGs in the atmosphere, with-
out needing to know the long term external costs of
possible damages of the anthropogenic greenhouse
effect. This is because the latter will never been
known sufficiently well for any other internalisation
strategy.

Recommendation 3: Specifically if the known external
costs of conventional energy technologies are not
internalised through appropriate emission taxes, price
based mechanisms, such as Feed-in Tariffs or Feed-in
Premiums, should be used to internalise the differ-
ences in external costs between conventional and
renewable energy technologies as a second best 
solution. A cap for such internalisation, as in the EU
Directive, on subsidies for renewable energy 
technologies, is counterproductive and should not be
applied.

Recommendation 4: As long as the quantitative
reduction targets for greenhouse gases are far from
securing the adherence to safe maximum GHG 
concentrations, additional provisional measures
should be taken to level the competitive playing field
for renewable energy technologies. 

Recommendation 5: It should never be overlooked
that there are other reasons for the promotion of
renewable energy technologies than only the internal-
isation of external costs, e.g. security of national 
supply, diversity of supply, local employment. Such
factors need to be taken into account in the making of
renewable energy policies in their own right.



EWEA • THE EUROPEAN WIND ENERGY ASSOCIATION 

61

S
U

P
P

O
R

T
 S

C
H

E
M

E
S

 2
0

0
5

The evaluation of the different support schemes for
RES-E is based on both theoretical analysis and ques-
tionnaires. In the following, the computer model
Green-X, developed by EEG of the University of Vienna,
is used to determine the effects of introducing 
harmonised versions of the generic and advanced
suppor t mechanisms with respect to RES-E 
deployment, investment required, generation costs
and consumer expenditure.

6.1 Green-X model assumptions
The following scenarios (see Figure 6.1) have been
investigated with respect to the simulations of 
support schemes:

• A reference scenario has been applied indicating
RES-E deployment if no further support applies for
new RES-E – i.e. installed in the period 2005 to
2020. This variant indicates the consumer expenditure
dedicated to existing plant (installed up to 2004)
due to prior support guarantees running out in the
coming years.

• No harmonisation, where currently implemented
policies remain available (without any adaptation),
i.e. business as usual (BAU) forecast

• Starting in 2005, an instant harmonisation of the
support schemes takes places. This is obviously
not practically possible, but is done for illustrative
purposes. To be able to analyse the effect of different

6. Computer simulations of support mechanisms

Figure 6.1 

Computer simulation scenarios

Support schemes in their generic and advanced form

FIXED FEED-IN TARIFFS
generic

FIXED FEED-IN TARIFFS
advanced

FIXED PREMIUM SYSTEM
generic

TENDERING SYSTEM
generic

TGC SYSTEM
generic

INVESTMENT SUBSIDIES
generic

INVESTMENT SUBSIDIES
advanced

TGC SYSTEM
(common) - advanced

TGC SYSTEM
(techn. sp.) - advanced

TENDERING SYSTEM
generic

(strategic bidding)

TENDERING SYSTEM
(common) - generic

TENDERING SYSTEM
(common) - advanced

(strategic bidding)

TENDERING SYSTEM
(techn. sp.) - advanced

TENDERING SYSTEM
(techn. sp.) - advanced

(strategic bidding)

FIXED PREMIUM SYSTEM
advanced

REFERENCE
(no further promotion of

RES-E)

BAU
(continuation of current

policies)
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(harmonised) policies compared to the status quo
(BAU), it is assumed that the same RES-E target as
under BAU conditions will be reached by 2020. Thus
the initial and final states are the same; it is the paths
to these states that differ and will be evaluated. Thus,
it is important to recognise that the Green-X model
runs do not per se give us any direct indication
whatsoever of whether a harmonised support
framework will be effective in increasing renewables
as it implicitly assumes that the same deployment
as in the BAU will take place. For example, a poor
designed mechanism will in the model have the
effect of increasing the consumer expenditure
(rather than decreasing the deployment) as a result
of higher risk premiums. For the same reason, 
conclusions on the consumer expenditures should
be made with care as these depends crucially on
the design of the mechanisms and their assumed
risk premiums / required rates of return.

• The following policies have been investigated under
harmonised conditions: 

• Investment Subsidies
• Fixed Feed-in tariffs
• Fixed Premium Systems
• International Tendering Systems
• International TGC systems.

To illustrate the impacts of changing the design of
mechanisms, instruments are applied with generic
and advanced settings. As there are wide differences
between the designs of mechanisms, even between
mechanisms of the same type the RE-Xpansion project
has defined a number of generic and advanced 
support mechanisms, which should be evaluated
against the defined criteria.

In addition to the broad set of scenarios described
above, sensitivity runs have been applied to illustrate
the impacts of full internalisation of external costs as
described in section 3, as well as a scenario run
based on current fossil fuel prices, corresponding to
$50 per barrel of oil. More precisely, these sensitivity
cases refer to the BAU-scenario – i.e. the continuation
of current support schemes.

The determination of the required rate of return is
based on the weighted average cost of capital (WACC)
methodology35. A set of six options are considered in

the analysis, varying from 6.5% up to 12%. The 
different values are based on different risk assessment
according to the questionnaire, a standard risk level
and a set of risk levels characterised by a higher
expected market rate of return. The 6.5% value is
used as default for stable conditions as given e.g.
under advanced fixed feed-in tariffs and based on the
survey conducted within RE-Xpansion (see section 5);
whilst the higher values are applied in scenarios with
less stable conditions and in cases where support
schemes cause a higher risk for the investors (e.g. a
TGC system), according to the survey respondents.
For a detailed listing of the policy-specific settings see
Table 6.1. To analyse the effects of different strate-
gies, for the simulation no technology-specific risk pre-
miums (different WACC according to their maturity and
risk characteristics) are used36.

Table 6.1

Policy-specific settings with respect to the WACC

Support Interest rate /
scheme weighted average cost of capital 

Design criteria are set …
… advanced … generic

Fixed feed-in tariffs 6.5% 9.1%
Fixed premium systems 7.55% 10.6%
Tendering systems 7.55% 10.6%
TGC systems 8.6% 12%
Investment subsidies 8.6% 12%

The Green-X model provides the following outputs for
each Member State and for the European Union as a
whole as well as for each technology on a yearly base
up to 2020:

• General results, including: 
• Installed capacity [MW]
• Total fuel input electricity generation [TJ, MW] 
• Total electricity generation [GWh]
• National electricity consumption [GWh]
• Import / export electricity balance [GWh, %

of gen.]
• Total CO2-emissions from electricity genera-

tion compared to baseline (BAU, Kyoto-tar-
get, etc.) [%]

• Market price electricity (yearly average price)
[€/MWh]

• Market price Tradable Green Certificates
[€/MWh]

35 WACC is often used as an estimate of the internal discount rate of a project or the overall rate of return desired by all investors (equity and debt providers).
36  For determining the exact setting of the support level such a technology specific WACC approach is useful. Such a procedure is - in a more detailed (country specific) 

analysis – feasible by applying the model Green-X.
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• Producer expenditure, including
• Total electricity generation costs [M€,
€/MWh]

• Total producer surplus for electricity genera-
tion [M€, €/MWh]

• Marginal generation costs per technology for
electricity generation [€/MWh]

• Impact on consumer, including:
• Additional costs due to promotion of RES-E

[M€, €/MWh]
• Additional costs due to DSM strategy [M€,
€/MWh]

• Additional costs due to CO2-strategy [M€,
€/MWh]

• Total (transfer) costs due to the selected 
support schemes and policy options [M€]

For further information on the methodology in the
Green-X simulation runs, see the internet based
report “Inputs to the Analysis of Support Schemes –
Scenarios on the Future Deployment of RES-E &
Accompanying Consumer Expenditure” available at
www.ewea.org.

6.2 Simulation run results
Before comparing the scenarios of harmonised sup-
port schemes, the BAU-scenario is presented as a
base case. The BAU scenario assumes a continuation
of current RES-E policies in place up to 2020. This
represents the most likely future under non-
harmonised conditions in the EU-15 Member States. 

6.2.1 Results – BAU-scenario

Figure 6.2

Development of total RES-E generation in the 
period 2004 to 2020 on EU-15 level 

in the BAU scenario

The total amount of RES-E generation within the EU-15
was around 446 TWh/a in 2004.37 Without any changes
in the support schemes in each country, the electricity
production will rise to about 579 TWh/a in 2010
(19.0%) and 857 TWh/a in 2020 (24.6%). The amount
for 2010 is, following the BAU demand projection from
Mantzos et al. (2003), around 95 TWh/a; this is 3 %-
points less than the indicative target as described in
the ‘RES-E Directive’ (2001/77/EC). 

Figure 6.2 shows the dynamic development of RES-E 
generation for the BAU case. It illustrates the 
technology-specific development for the EU-15 as a
whole. Due to less public support and acceptance,
the amount of large scale hydro power plants will
increase only marginally in absolute terms38. In rela-
tive terms, the share drops significantly from around
60% in 2004 to 33% of renewable electricity 
production in 2020. The ‘winner’ among the considered
technologies is wind energy, both onshore and off-
shore. It can be expected that around 45% of the RES-
E production of plants installed in the period 2005 to
2020 will come from onshore wind, and 25% from off-
shore. By 2020 wind power’s share of total RES-E 
production will be 45% - 30% onshore wind and 15% 
offshore wind. Other significant increases can be
expected for solid biomass (+ 10%) and biogas (+ 6%). 

37 Note: RES-E generation in 2004 refers to available potential of RES-E times normal (average) full load hours of the technologies. This means actual generation can differ from this
value due to (i) variation of generation from average conditions (e.g. for hydropower or wind) and (ii) new capacity build in 2004 is not fully available for the whole period 2004. 

38 Considering the effects of the Water Framework directive (EC, 2000b), the total electricity generation from large scale hydro may be less in 2020 than in 2005. 
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Large financial resources will be required to construct
new capacity. 

Figure 6.3 shows the total investment for RES-E over
time, assuming BAU policy up to 2020. While neces-
sary investments into wind onshore and biogas plants
are relative stable over time, investments into solid
biomass plants (including biowaste) mainly occur in
the first years (2005-2015) and for wind offshore and
photovoltaic mainly after 2010. The investments
(within the EU and worldwide) stimulate technological
learning, leading to lower generation costs in the
future.

Figure 6.3 

Total investment needs in the period 2005-2020
within the EU-15 in the BAU scenario 

The necessary financial incentive for the promotion of
RES-E is indicated in Figure 6.4 which illustrates the
required yearly consumer expenditure on EU-15 level
for the BAU case, expressed as (average) premium
per MWh total demand. The consumer expenditure
refers to the direct costs of applying a certain support
scheme39. A steady rise in required expenditures
occurs, starting from a level of 2.7 €/MWhDEM in
2005, to about 6.1 €/MWhDEM in 202040.

39 E.g. for a fixed feed-in tariff its marginal value per MWhRES-E is calculated by subtracting the reference wholesale electricity price from the guaranteed promotional tariff. 
40 Note, these figures represent the average on EU-15 level. On country-level, large differences appear for non-harmonised support (BAU-case). For a detailed discussion of this

topic, see Huber et al. (2004).
41 For illustration, the reference case – indicating what would happen if no further support will be given to new RES-E after 2004 – is added in the set of figures depicted in this

section.

Figure 6.4

Development of necessary consumer expenditure
on EU-15 level in the BAU scenario

6.2.2 Comparison of the advanced support
schemes

In the following, a comparison of the advanced
schemes is undertaken briefly41. Note that the initial
values (as 2005) and final values (as BAU) of 
cumulative installed RES-E generation are assumed
implicitly to be the same for all scenarios; it is the
paths between these constraints that differ by sce-
nario – as is evident in Figure 6.5 within all cases a 
similar RES-E deployment in size of the BAU-target is
reached in 2020 – an amount of 857 TWh in total, to
which new installations of the period 2005 to 2020
contribute about 440 TWh. Obviously, the dynamic
path to achieve this overall target differs by variant,
e.g. Figure 6.6. For instance, for investment subsidies
more new installations occur in the later years, i.e.
after 2012. However, for fixed feed-in tariffs, the
amount of new installations decline in the years after
2017. This is mostly caused by the applied design 
criteria in combination with market diffusion or
resource exploitation on country level.
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Figure 6.6

Comparison of electricity generation from new 
RES-E plant (yearly) on EU-15 level for the

advanced support schemes

Figure 6.5

Comparison of cumulative electricity generation
from new RES-E plant (installed 2005 to 2020) on

EU-15 level for the advanced support schemes
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Next, Figure 6.7 illustrates which RES-E options con-
tribute most in the period 2005 to 2020 within the
investigated cases. Wind energy (on- & offshore) dom-
inates this scenario, as with the BAU-case described
in the previous section. For low risk support schemes,
biomass is reduced, due to its relatively larger fuel

costs. Under the implied assumption of the model to
minimise consumer expenditure, no contribution can be
expected from comparatively expensive RES-E,
options, such as PV or solar thermal electricity power
in the advanced cases.

Figure 6.7

Technology-specific breakdown of RES-E generation from new plant (installed 2005 to 2020) in the year
2020 for the advanced support schemes 
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Looking at the financial aspects related to the support of
RES-E in the observed period, huge differences become
evident. In this context, Figure 6.8  provides a comparison
of the required consumer expenditure due to the promo-
tion of RES-E in the period 2004 to 2020. These values
are related to demand, in order to give an impression of
the required burden for consumers in per unit terms (i.e.
€/MWh). Note, these figures represent an average pre-
mium at EU-15 level; the country-specific situation differs
even in case of harmonised promotional settings. 

As evident from this illustration, all advanced schemes
will lead to less consumer expenditure in total 
compared to the default BAU-case. This is primarily
due to the development of renewable energy in high
resource areas. Differences appear also between the
various harmonised schemes investigated, primarily
as a result of the implied required rate of returns.
Investment subsidies cause the largest expenditures
in the early years (up to 2009) of implementation,
decreasing later to the least level among all scenarios.
Tendering systems are preferable if investor’s cannot
act strategically in setting their bids. If strategic 
bidding is taking into account, the largest expenditures
appear after 2009 for tendering of all advanced
schemes. Fixed Feed-in tariffs leads to a small to 
moderate consumer burden in the observed period.
Fixed premium systems cause slightly larger consumer
expenditures compared to fixed FITs as an impact of
the slightly larger risk from an investor’s point-of-view.

Figure 6.8

Comparison of the required consumer expenditure due
to promotion of RES-E in the period 2004 to 2020 on

EU-15 level for the advanced support schemes

Figure 6.9

Comparison of financial support (average premium
to power price) for new RES-E generation on EU 15
level in the period 2005-2020 for the advanced sup-

port schemes
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Figure 6.9 indicates the average financial support for
new RES-E plant over time. This amount represents,
from an investor’s point-of-view, the average additional 
premium on top of the power price guaranteed (for a
period of 15 years) for a new RES-E installation in a
cer tain year. From a consumer perspective, it 
indicates the required additional expenditure per
MWhRES-E for a new RES-E plant, compared to a 
conventional option (characterised by the power price). 

As can be seen from Figure 6.9, the required financial
support per MWhRES-E decreases in all cases over
time. Comparing the different advanced schemes, a
similar characteristic compared to Figure 6.7 appears
– with one deviation referring to investment subsidies,
which require or set, respectively, according to this
observation the lowest incentive among all variants.
The reason for this is the up-front incentive, which is
solely set by this type of scheme. 

Figure 6.10 shows a comparison of the cumulated
consumer expenditure due to the promotion of new
RES-E installed in the period 2005 to 2020. It sum-

marises both the cumulated consumer burden with-
in the investigated period 2005 to 2020, as well as
the residual expenditures for the years after 2020
(dotted area). The calculation assumes that the
required yearly consumer expenditure in the period
2005 to 2020 (as illustrated in Figure 6.8), as well
as the estimated residual expenditures for the 
following years after 2020, are translated into their
present value in 2020.42

As becomes evident from this comparison, total
transfer costs for society are least by applying
investment subsidies, followed by fixed feed-in 
tariffs and tendering systems43. Next, fixed premium
systems appear in order followed by an EU-wide TGC
system44.

By including only expenditures actually appearing in
the period 2005 to 2010 (i.e. the filled area in Figure
6.10) a different ranking occurs, where fixed feed-in
tariffs and tendering systems are ranked first, 
followed by fixed premium systems, investment 
subsidies and TGC systems. 

42 Thereby, an assumed rate of inflation has been applied of 3%/y on average.
43 In contrast to all other advanced systems, an investment subsidy causes only an up-front support. No generation-based incentive is introduced, which was often a significant

hindrance in the past. For a detailed discussion of this aspect, see e.g. Resch et al. (2005).
44 Note, for tendering systems, a range of likely consumer expenditures is taken into account, so both neglecting and considering the impact of investor’s strategic behaviour.

Figure 6.10

Comparison of necessary cumulated consumer expenditure (in 2020) due to the promotion of new RES-E
(installed 2005 to 2020) for the advanced support schemes 

Note: In the case of a TGC scheme, total transfer costs paid after 2020 are estimated assuming that the TGC price in the year 2020 is constant up to the phase out of the support.
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6.2.3 “Generic” versus “advanced” schemes

Figure 6.11

Development of total RES-E generation in the
period 2004 to 2020 on EU-15 level for all 

investigated cases

Generic schemes are taken into consideration in the
brief investigation of advanced support schemes, as in
the previous section. A first impression on the overall

Figure 6.12

Electricity generation versus cumulative consumer expenditure in 2020 for new RES-E plant (installed 2005
to 2020) for all investigates cases 

resulting RES-E deployment is given in Figure 6.11 for
all investigated cases (i.e. both generic and advanced).
Generic variants are depicted in dotted lines. 

0
4

0
5

0
6

0
7

0
8

0
9

1
0

1
1

1
2

1
3

1
4

1
5

1
6

1
7

1
8

1
9

2
0

1000

900

800

700

600

500

400

300

200

100

0

R
ES

-E
 g

en
er

at
io

n 
(t

ot
al

) 
[T

W
h/

ye
ar

]

REFERENCE (no further promotion of RES-E)
BAU (continuation of current policies)
FIXED FEED-IN TARIFFs ) -  generic
FIXED FEED-IN TARIFFs ) -  advanced
TENDERING SYSTEM - generic
TENDERING SYSTEM - generic (strategic bidding)
TENDERING SYSTEM (common.) - advanced
TENDERING SYSTEM (common.) - advanced (strategic bidding)
TENDERING SYSTEM (techn. sp.) - advanced 
TENDERING SYSTEM (techn. sp.) - advanced (strategic bidding)
TGC SYSTEM - generic
TGC SYSTEM (common.) - advanced
TGC SYSTEM (technology specific) - advanced
INVESTMENT SUBSIDIES - generic
INVESTMENT SUBSIDIES - advanced
FIXED PREMIUM SYSTEM - generic
FIXED PREMIUM SYSTEM - advanced

FIXED PREMIUM SYSTEM - advanced

FIXED PREMIUM SYSTEM - generic

INVESTMENT SUBSIDIES - advanced

INVESTMENT SUBSIDIES - generic

TGC SYSTEM (technology specific) - advanced

TGC SYSTEM (common.) - advanced

TGC SYSTEM - generic

TENDERING SYSTEM (techn. sp.) - advanced (strategic bidding)

TENDERING SYSTEM (techn. sp.) - advanced 

TENDERING SYSTEM (common.) - advanced (strategic bidding)

TENDERING SYSTEM (common.) - advanced

TENDERING SYSTEM - generic (strategic bidding)

TENDERING SYSTEM - generic

FIXED FEED-IN TARIFFs ) -  advanced

FIXED FEED-IN TARIFFs ) -  generic

BAU (continuation of current policies)

0% 20% 40% 60% 80% 100% 120%

0% 20% 40% 60% 80% 100% 120%

Generation & consumer expenditure for new RES-E (installed 2005 to 2020) [% - compared to BAU-default case)

Total consumer expenditure due to RES-E policy RES-E generation

BAU-case
(i.e. continuation
of present 
policies



EWEA • THE EUROPEAN WIND ENERGY ASSOCIATION 

6. Computer simulations of suppor t mechanisms

69

S
U

P
P

O
R

T
 S

C
H

E
M

E
S

 2
0

0
5

Figure 6.2 depicts RES-E generation and cumulative
consumer expenditure (in 2020) for all scenarios. As
can be seen, almost all generic variants result in less
RES-E deployment than the advanced models. The
only exception is the generic tendering system, which
is a result of the default settings of the Green-X model
– where tenders impose a mandatory demand which
would only in case of comparatively higher non-finan-
cial barriers not be fulfilled (which are not subject of
this analysis).

For investment subsidies, the generic variant results
in a reduced RES-E deployment by about 76% com-
pared to the advanced variant. Accordingly, consumer
expenditure is also reduced by 79%. In comparison
with all other cases, this scenario has the least
deployment and least consumer expenditure.

The generic variant of fixed feed-in tariffs is charac-
terised by a reduced deployment of 48% compared to
the advanced, whilst consumer expenditures
decrease by 49%. 

For fixed premium systems, deployment in the generic
variant is less reduced compared to the support
schemes discussed above. RES-E deployment is
reduced by 45% in the generic version and required
expenditures drop as a result by 44%.

In case of tendering systems, as mentioned above, no
reduction of RES-E deployment takes place due to the
model settings. In contrast, consumer expenditures in
the generic version rise dramatically by an average of
45% compared to the advanced mechanism. This is a
consequence of the larger risk, due to increased
uncertainty, on future earnings in the generic forms. 

The generic variant of a TGC system results in a
reduced deployment in size of 52% compared to the
advanced version. Consumer expenditures decrease
by 46%. 

6.2.4 Sensitivity investigations – the impact of
high fossil fuel prices and externalities

The sensitivity analysis serves to illustrate:
• the impact of continued high fossil fuel prices as 

currently evident, and
• the impact of external (social) costs (based on

the reference case – default fossil fuel prices)
on RES-E deployment, in addition to direct consumer
expenditure. External (social) costs also paid by the
consumer eventually, but indirectly.

Again, the BAU scenario is chosen as the base case,
as characterised by a continuation of current RES-E
policies up to 2020.

Considering the increases on fossil fuel price experi-
enced in 2004/5, the 2004 peak of European 
average prices have been identified for each fossil
fuel type. These data have been included in the data-
base of the model, under the assumptions that these
prices will stay constant over the investigated period. 

Furthermore, scenarios on external costs are investi-
gated, according to chapter 3, where a re-evaluation
as well as an incorporation of externalities into energy
prices has been undertaken (see Hohmeyer et al.
(2004)).
The following scenarios are considered:

• the external cost of classical pollutants using
the ‘value of statistical life’ approach 
… (VSL) – medium (average) scenario

• external cost of classical pollutants using the
‘years of statistical life lost’ approach
… (YOLL) – low / medium (average) / high scenario

Regarding climate change externalities, the large
uncertainty of damage or abatement costs for green
house gases emissions (e.g. CO2) result in a large
uncertainty in the external cost as well. Another
approach is suggested by e.g. the IPCC studies where
scientists have determined the limit level of emis-
sions which could prevents catastrophic damage from
climate change in the long-term. 

Note that in this external cost scenario cost related to
climate change have not been included. Instead the
impact of the recently launched EU-wide emission
allowance trading scheme is considered as default.
(EU trading scheme differs from the level of emis-
sions suggested by the IPCC studies).

As a first result, the impact of externalities and 
current fossil fuel prices on the resulting power price
– representing the EU-15 average – is illustrated in
Figure 6.13. These results can be compared with the 
reference case (grey-blue line) as applied for all previous
investigations.
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Figure 6.13 

Comparison of the resulting (reference)
yearly average wholesale electricity price on EU-15

level for the sensitivity cases 

It can be seen that the largest impact on the power
market will come from the consideration of external
cost of pollutants using the ‘value of statistical life’
approach. This produces an increase instant increase
in power prices of 20 €/MWh above the reference
case. A continuation of current high fuel prices would
cause an increase of about 10 €/MWh, compared to

the BAU-case. The differences become smaller by
2020, as structural changes in the power sector are
imposed to reduce pollutant emissions that cause the
external costs.

Finally, Figure 6.14 illustrates the impact on RES-E gen-
eration as well as cumulative consumer expenditure
(in 2020) – both referring to RES-E plant in total – for
the two scenarios of assuming current fossil fuel
prices and externalities.

Almost all sensitivity variants result in a larger RES-E
deployment of between 3% and 4% in total. In the
external cost approach according to VSL, a much larger
RES-E deployment can be expected, leading to an
increase by +6%. In contrast to the RES-E deployment,
the required consumer expenditure for the promotion
of RES-E drops dramatically with a continuation of
2004/5 high fossil fuel prices, resulting in a reduction
of the overall expenditure by 12%. On the first glance
one might expect that expenditures are least for the
external cost variant according to VSL, which neglects
the impact of increasing RES-E deployment and there-
fore increasing expenditures. All other variants result
in a reduction of the consumer burden in a range from
6% to 8%, compared to the BAU-case.

Figure 6.14

Electricity generation versus cumulative consumer expenditure (for the period 2005 to 2020) 
in 2020 for all RES-E plant – for all sensitivity variants 
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It constitutes a market failure that electricity retail
prices do not include the full cost to society of elec-
tricity production. If environmental costs were levied
on electricity generation according to their impact,
many renewable technologies would no longer require
support. Having harmonised energy taxes, reflecting
the actual environmental impacts of each technology,
would be an effective and fair way of internalising
environmental costs. 

If, at the same time, direct and indirect subsidies to
electricity generation from fossil and nuclear fuels
were removed, the need to support renewable elec-
tricity generation would diminish still further. 

However, it does not seem politically feasible in the
short to medium term to agree on measures to fully
internalise external costs in electricity production, or
to remove unproductive subsidies to conventional
energy sources. Therefore, second-best mechanisms
are needed to support RES-E.

Support frameworks as compensation for market
failure
Support frameworks for renewable energy sources
should be viewed as compensation mechanisms for
correcting the market failures. Such support frame-
works provide the necessary, yet temporary, support
to enable renewable energy technologies to achieve
mainstream status, and eventually full competition
with conventional electricity production technologies.

While the financial framework, i.e. the payment mech-
anism for renewables, is vital for increasing the
renewable share of the power mix, it is important to
recognise that attention must be given simultaneously
to the development of appropriate measures in each
of four vital areas:

• Well designed payment mechanisms
• Grid access and strategic development of the

grids
• Appropriate administrative procedures
• Public acceptance and support

RE-Xpansion has focused on the analysis of payment
mechanisms. However, if one of the other three ele-
ments is missing from an overall framework, little
progress will occur. It is therefore vital that analysis of

support mechanisms in the Member States, such as
the Commission’s evaluations of progress towards
meeting the targets, identifies successes and 
failures; “cause–effect” analysis is essential.
Otherwise the assessment of support mechanisms
may lead to the wrong conclusions. 

7.1 Little evidence of effectiveness beyond 
feed-in tariffs and premiums

Based on past experience, it appears that policies
based on fixed tariffs and premiums can be designed
to work effectively. However, introducing them is not a
guarantee of success. Most countries with mecha-
nisms to support renewables have, at some point,
used feed-in tariffs.  However, not all feed-in mecha-
nisms have contributed to an increase in renewable
electricity production. It is the design of a mechanism,
in combination with other measures that determines
its success. 

It is too early to draw final conclusions on the poten-
tial impacts of the full range of policy options avail-
able, since more complex systems, such as those
based on tradable green certificates, are at an early
stage of implementation and still in an experimental
phase. These must be given time to prove their effec-
tiveness. More time and experience are needed to
make credible conclusions on their potential ability to
attract investments and deliver real growth in renewables
capacity.

There is not enough evidence yet that mechanisms
other than fixed tarif fs and premiums can be 
effectively applied at Community or national level at
this time without dramatically affecting the European
market for renewables. Mechanisms, especially 
complex ones, take time to prove their ability to attract
investment, and so increase RES market share.

7.2 Voluntary best practice design guidelines
There are five main payment mechanisms in use in
Member States today. These are:

• Investment subsidies (capital grants)
• Fixed feed-in tariffs
• Fixed premiums (environmental bonus systems)
• Auction models / tenders
• Renewables quota obligations (possibly com-

bined with tradable green certificates (TGCs))

7. Conclusions and recommendations
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However, different variations of these five main sys-
tems have evolved in the Member States - systems
that are not immediately compatible, which is to say
that 25 different variants of the five mechanisms
exist in the EU today. Their redesign, in order to facil-
itate fair trade, would cause widespread investor
uncertainty in all markets, if undertaken too quickly.

In order to minimise these disruptive effects and to
prepare for a potential Community-wide mechanism, a
set of voluntary Best Practice Design Guidelines
should be developed in consultation with stakehold-
ers. Such an approach has also been adopted for gas
infrastructure and cross-border gas in the context of
the European Gas Regulatory Forum (Madrid Forum).

Development of “market clusters”
Best Practice Design Guidelines would indicate to
Member States the choices for a future mechanism,
and create the opportunity for more coherence among
both existing and potential mechanisms. 

Rather than introducing dramatic changes in all 25
independent markets, this would lead to gradual align-
ment of the support mechanisms of Member States
that have chosen a similar version of one of the five
mechanisms (e.g. tradable green certificates in
Sweden, Wallonia, Flanders, Italy and the UK; fixed
feed-in tariffs in Germany, France and Portugal; fixed
premiums in Spain and Denmark, etc.). Such “market
clusters” would increase the ease with which the
country of origin of a unit of renewable electricity
could be recognised (avoiding ‘double counting’
issues), and provide valuable insight and experience
on which to base a Community decision later on.

The Voluntary Best Practice Design Guidelines should
be based on a set of design requirements for support
mechanisms. The RE-Xpansion survey analysis was
based on ten such design requirements (see section
6, above). The survey results clearly show that the
specific design of payment mechanisms has a signifi-
cant impact on how the performance of a mechanism
is perceived, i.e. the “advanced” mechanisms score
significantly higher than the “generic” mechanisms.

7.3 Real competition in power markets
The “advanced mechanisms” defined in section 6
assume that certain elements of electricity markets
are available, e.g. long-term power purchase agree-
ments, and the existence of long-term contracts for
certificates. Another underlying assumption is that

real competition exists in the European power mar-
kets today. However, some of the elements
assumed in the analysis are not present in today’s
power markets.

The European Commission’s four benchmarking
reports on the implementation of the EU electricity
and gas directives conclude that real competition in
the electricity market is still far off. Creating a market
for renewables that is compatible with a well func-
tioning internal market should be a goal of the
Community. 

However, it seems premature to force renewable
electricity into an Internal Market framework at a
time when competition in the conventional power
market is far from being effective and will only exist
in theory for many years to come. Due to its 
interaction with the power market, fair trade in
renewable electricity will be impossible to achieve
unless distortions in the internal electricity market
are overcome e.g. increased concentration, ineffec-
tive ownership unbundling, massive subsidies paid
to conventional electricity sources and market 
dominance, and failure to internalise externalities.
New renewables (excluding large hydro) account for
approximately 5% of EU electricity consumption.
Competition in renewables should be preceded by
fair and real competition in the remaining 95% of the
power market.

7.4 Payment mechanisms and externalities
Article 174 of the Treaty establishing the European
Community states that the Community bases its envi-
ronmental policy on the principles ensuring that 
preventive action should be taken, that environmental
damage should be rectified at source and that the 
polluter should pay. 

If external costs, in the form of damage to the envi-
ronment and health, were taken into account, the 
EC-funded ExternE study estimated that the cost of
producing electricity from coal or oil would double and
the cost of electricity production from gas would
increase by 30 %.  

The study further estimated that these costs amount
to 1-2 % of EU GDP, or between €85 billion and €170
billion, not including the cost of global warming and
climate change. The RE-Xpansion analysis shows that
wind power alone is expected to avoid external costs
of €25 billion/year by 202022.
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The evaluation and design of payment mechanisms
for renewables must also consider mechanisms to
internalise external costs for all forms of generation.
Only then will an optimal allocation of society’s
resources be achieved. Therefore, internalising exter-
nal costs should be an additional design parameter in
developing the Voluntary Best Practice Guidelines pro-
posed in section 7.2.

In general, it is preferable to internalise a known
external cost directly, e.g. via a tax or levy, instead of
indirectly, e.g. through a renewable energy support
mechanism.  This is because such taxes and levies
may establish social costs within the retail prices of
both conventional and renewable electricity produc-
tion. In contrast, the subsidisation of renewable ener-
gy sources (through a fixed premium, for example)
only corrects the price difference between the pollut-
ing conventional energy technology and the promoted
renewable energy technology; it does not clarify the
true cost of the non-renewable supply.

7.5 A Harmonised system for promoting renew-
ables?

The adoption of the Renewables Directive in 2001 has
initiated a positive Europe-wide political process to
develop adequate frameworks for renewables.
However, in many Member States, these frameworks
are still not yet operational, being still in the prepara-
tory phase, but should nonetheless be effective soon.
The Commission should encourage these Member
States to speed up the process of implementation of
national renewables frameworks, specifically in rela-
tion to the best design of payment mechanism, and to
overcoming administrative and grid barriers. 

Any change towards an EU-wide system at present
would stall the development of renewable policies in
many Member States by at least another 2-3 years - at
a critical time for the technologies. The present efforts
of Member State would be wasted and such a move
could have devastating effects on national markets
where signs of activity are at last beginning to show. 

Introducing a common system now would be pre-
mature
A premature move towards a common approach could
stop, or seriously delay, development even before it
starts; Member States would fail to meet their nation-
al targets and European global leadership in renew-
able energy technologies would be put at serious risk.

There is much evidence that changes to frameworks -
even the discussion of potential change - creates
uncertainty for renewables, and introduce an initial
adverse impact on renewables markets. The initiation
now of a community-wide mechanism would under-
mine several years of Member State efforts to devel-
op effective mechanisms.

Finally, it is still too early to draw a final conclusion on
the relative effectiveness of the various policy options
for support mechanisms. While mechanisms based
on feed-in tariffs (e.g. the German mechanism) and
premiums (e.g. the Spanish mechanism) have proved
effective in attracting investments, more complex sys-
tems, such as those based on tradable green certifi-
cates, are still at an experimental and early stage of
implementation.

These more recent mechanisms must be given time
to prove their effectiveness before a decision on a
common harmonised mechanism is decided. More
time and experience are therefore needed to make
credible conclusions on the impacts of the full range
of options.

A shift to a Community-wide support mechanism for
the promotion of renewable energy sources must be
well prepared. Preparations could include the devel-
opment of a set of Voluntary Best Practice Design
Guidelines for support mechanisms. These should be
based on a set of design requirements, for which the
RE-Xpansion project has suggested an approach.
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General
The present amount of RES-E connected to the elec-
tric power system shows that it is feasible to integrate
renewable energy to a significant extent. The experience
shows where bottlenecks are and which kind of 
problems can occur. 

This chapter discusses the major issues specifically
related to the equation of RES-E generation and the
electric power system, consisting of generation units,
transmission and distribution grids, and the end
users.

In brief the main issues discussed are:
• Grid connection of RES-E and system stability 
• System adequacy issues 
• Grid infrastructure issues 
• System operation issues
• Market redesign issues.

The observations made in this chapter are to a major
extent based on the findings of the RE-Xpansion project.
In addition, they are based on results reported in sev-
eral publications referenced in the Internet based
background reports available at www.ewea.org.

Grid connection codes, system stability issues
Several impacts (positive and negative) can be identi-
fied in the operation of a grid system - both on trans-
mission and distribution level - with a large amount of
distributed RES-E generation, such as: 

• Voltage changes along the grid, depending on the
power produced by the RES-E generators, the
load and the impedance of the line. 

• Fault levels (short-circuit levels) increase.
• Line losses change as a function of embedded

generation and load.
• Congestion in system branches may occur as a

function of embedded generation and load.
• Power quality and system reliability may be

affected.

In solving these issues it should be borne in mind that
the existing grid design standards and regulatory
framework are still based on the old paradigm (Figure
1a). However, in practice, the corresponding frame-
work for the future paradigm (Figure 1b) is steadily
becoming established as increasing capacities of
RES-E generation are permitted.

ANNEX 1: Integration of RES-E in the electrical system: 
issues and recommendations

Figure Annex 1  

a) Power flows in the past (left) b) Power flows in the future (right) 

Generator Generator Transmission grid

Distribution grid

Consumers

Generator

Generator

Transmission grid

Distribution grid

Consumers

Source: Joerss et al. (2002)
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In order to avoid negative impacts on the network,
especially if there is a substantial amount of distributed
and embedded generation, technical criteria 
(interconnection regulations, grid codes) for grid 
connection are being applied for most RES-E generation
technologies. The detailed requirements that have to
be met by distributed generators mostly depend on
the voltage at the point of coupling between the
embedded generator and the grid infrastructure. 

In several EU-countries the interconnection regulations
for wind power are being further refined, in order to
allow a larger penetration, and at the same time main-
tain an adequate power supply. The great variety of
national regulations is not always an advantage for
wind turbine manufacturers. However, a Europe-wide
harmonisation of interconnection regulations designed
for high penetration situations is also not yet 
desirable, because some requirements pose an 
unduly heavy impact on wind turbine design and cost,
and hence on the investors and operators of wind
farms. It is recommended in the short term to work
towards a harmonisation of the regulations on
aspects having little impact on the overall costs of
wind turbines (e.g. power quality). For other aspects,
regulations should take into account specific power
system robustness and RES-E penetration levels.
Costly technical requirements such as fault-ride-
through capability and voltage control possibilities of
wind power stations should be included only if they
are technically required for reliable and stable power
system operation.

Power system adequacy
The issue here is related to the long-term effect of
RES-E on the power system, more specifically, the
question whether intermittent RES-E such as wind
power can replace a part of the conventional capacity
– and at the same time enable the power system to
maintain adequate power supply at a given moment,
even in critical grid situations, with unchanged risk. 

The impact of intermittent RES-E wind on the adequa-
cy of power production in the system is determined by
the reliability of RES production during peak load situ-
ations. From analysis and practical experience it fol-
lows that variable sources such as wind power do
save and can replace thermal capacity. If system 
penetration is low, the capacity value of intermittent
RES-E generation at critical load situations (also
named capacity credit) is equal to the (long-term) 

average power of the intermittent source. For wind
power in a given region, for example, this is equal to
the rated power of the total installed wind power
capacity in the region multiplied by the average 
capacity factor (typically 20 – 25 % for a wind power
collective consisting mostly out of onshore installations).
For example in Belgium, a region with low wind pene-
tration (less than 1 %), the capacity credit of the 100
MW installed wind plants is approximately 20 MW 
(i.e. the country could safely disconnect 20 MW of the
installed thermal power without changing the risk in
situations of peak demand). As the penetration
increases, the relative capacity credit tails off. In
Denmark, for example, where the penetration is much
higher (on the average 20 %), the capacity credit of the
3 GW of installed wind power would be around 250 MW.

It is obvious that a geographical dispersion of RES-E
generation facilities (which is enhanced by intercon-
nection) and positive correlation between RES-E
power and demand increase their capacity credit in
the system, and hence the contribution to the system
security of supply. In order to assist strategic planning of
power systems, a continuous effort is needed in
improving insight into the statistical behaviour of
intermittent energy sources, e.g. by systematic output
monitoring.

The allocation of system capacity cost (for system
security) to a single generation technology (e.g. wind)
is deceptive, since this ignores the requirements of
other generation. In practice, spare controllable
capacity is already established for the secure opera-
tion of conventional generation plant supplying varying
demand. Therefore, the system capacity requirements
due to intermittent RES-E (wind) generation cannot be
considered on a “MW to MW“ basis, neither now or in
the future. In practice, additional system capacity
caused by increasing intermittent RES-E (wind) 
generation does not necessarily come from these new
power plants entering the market. For instance, existing
conventional and controllable thermal generation
units, including peaking generation, and/or existing
pumped hydro storage power plants are sufficient for
the new intermittent generation also. Therefore, in
practice, the socialisation of the costs associated
with additional system capacity requirements due to
increasing intermittent RES-E generation will be 
established by the balancing and wholesale electricity
markets; these give satisfactory prices signals for the
provision of adequate generation capacities.



76

SUPPORT SCHEMES FOR RENEWABLE ENERGY • A COMPARATIVE ANALYSIS OF PAYMENT MECHANISMS IN THE EU 

S
U

P
P

O
R

T
 S

C
H

E
M

E
S

 2
0

0
5

System operation and balancing
On the generation side: power and energy balancing
Fluctuations in the overall output of RES-E generation
place an additional burden on other generation plant
in the system and increase requirements for 
system balancing services, especially when these
fluctuations become comparable in magnitude with
fluctuations in demand. 

Reduction of uncertainty
It is important to stress that system balancing
requirements are not assigned to back-up a particular
plant type (e.g. wind), but to deal with the overall
uncertainty in the balance between demand and 
generation. Moreover, the uncertainty to be managed
in system operation is driven by the combined effect
of the fluctuations both (i) in demand, and (ii) in 
generation from conventional and renewable generation.
These individual fluctuations are generally not corre-
lated, which has an overall smoothing effect, with a
consequent beneficial impact on the cost.

It has been found in practice in power systems with
high penetration, such as Denmark and Spain, that
good wind forecasting is critical to successful operation,
because it reduces the uncertainty in the balance
between demand and generation. 

Balancing cost
System balancing requirements and costs are
increased by random fluctuations and by forecast
errors, both of intermittent RES-E generation and of
load, since these are generally not correlated. From
various country- and region-specific studies, it can be
concluded that the additional costs for increased 
controllable capacity allocated to wind generation are
in the range of 0-3 €/MWh. Modest amounts of wind
energy up to 10% of peak demand can be assimilated
without incurring additional cost or changing operating
procedures. It can be demonstrated that power 
balancing requirements due to wind mainly address
secondary control and reserve power in the system
(tertiary control), which in general is offered on the
balancing market.

The regulation costs should be allocated to the 
corresponding balancing markets. In practice, the 
balancing market prices should send out the correct
price signals to the market competitors so the 
network remains stable.

Avoiding curtailment of RES-E
If wind generation reaches large penetration in a system
and with other forms of dispersed embedded generation
on line, there may be occasions when the number of
conventional large generation units needed to supply
the remaining load will be so few, that adequate
capacity of central short-term balancing services can-
not be maintained. In some situations, renewable
generation could, potentially, exceed demand during
some periods. A number of actions should be planned
to deal with such potential surpluses of renewable
generation, as prioritised with respect to cost. The
easiest strategy is – interconnection being set aside -
to have some renewable plant under central control
and for this to be curtailed, as with fossil thermal
plant. The least costly options could be to increase
demand under ‘demand side management’, e.g. by
additional pumping at pumped storage facilities and
water supply reservoirs, or, in future, by hydrogen pro-
duction. Modern wind turbines will be able to provide
response and reserve to at least 10% of their output.
If there is still surplus generation left, some of the
renewable generation would need to be taken off-line,
starting with the technologies with the largest mar-
ginal cost, such as biomass.

Ancillary services for generation 
Apart from balancing requirements from the energy
perspective, the power system requires so-called
ancillary services supplied by generators, ranging
from operating reserve and reactive power through
short-circuit current contribution and black start capa-
bility, Intermittent RES-E is not suited for producing
such services in a dispatchable, controllable way and
in parallel with the implementation of RES-E in the 
system, appropriate equipment should be maintained
to provide the ancillary services.

Transmission & distribution system operation issues
Transmission level
In addition to considerations of managing energy and
power balance in the transmission system 
(discussed above), high levels of intermittent generation
also have other implications for the operation of the
transmission system. Active voltage control in the sys-
tem (for example in the neighbourhood of large wind
farms) may be required in order to cope with unwanted
voltage changes. This voltage support could be 
supplied by the wind farm itself if adequate wind energy
technology is used, otherwise dedicated equipment has
to be installed (Static Voltage Controllers SVC’s).
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Another issue is the management of power flows and
possible congestion in the grid. Also for this 
purpose, TSO’s should be provided with high quality
wind forecast tools. Forecast errors need to be
acceptable up to approximately 12 hours ahead,
meaning that the errors are small enough to enable
the TSO to cope with the actual situation at 
acceptable cost. 

Distribution level
The addition of RES-E (distributed/embedded genera-
tion) to distribution grids creates both difficulties and
advantages, for the following principal reasons:

• There is very little so-called “active” manage-
ment of distribution grids.

• “Distributed generation” adds a further set of cir-
cumstances (e.g. changes from full generation to
no generation) with which the grid must cope,
without reducing the quality of supply seen by
other customers;

• The direction and quantity of real (active) and
reactive power flows change, which may affect
operation of grid control and protection 
equipment;

• Design and operation practices may no longer be
suitable and need modification;

• Weak grids, with reduced voltage under load, can
be reinforced by the RES-E;

• Associated power controllers at the embedded
generation can improve both active and reactive
power characteristics;

• The power from the embedded generation does
not entail transmission costs if, as is likely, this
power is consumed within the distribution grid net-
work;

• Local ‘island’ operation may, in principle, be 
possible in the event of transmission failures;

Distribution grids may have to become more “actively
managed”. This implies costs, and requires the develop-
ment of suitable equipment and design principles, but
the improved grid yields collateral benefits for the 
distribution grid operator.

Grid extension and grid reinforcement
A common difficulty concerns the costs of grid extension
and reinforcement for integrating large-scale wind
power into a grid system. The same difficulty would
arise for other embedded generation of similar scale;
however wind power is now the most advanced.
Should the grid extension cost be charged to the new
embedded generator or to the consumers?

The need for extension and reinforcement of the existing
grid infrastructure may have a variety of causes.
Changes in generation and in load at one point in the
network in principle cause changes throughout the
system, which may cause power congestion (bottle-
necks). It is not possible to identify one (new) point of
generation as the single cause of such difficulties,
other than it being ‘the straw that broke the camel’s
back’. Therefore, the allocation of changes of load
flows in a system to a single new generator connected
to the system (e.g. a new wind farm) is ambiguous,
since established generators or changes in demand
may cause an equal burden on the grid infrastructure.

A number of detailed, published, country-specific
studies exist, quantifying grid extension/reinforce-
ment requirements and corresponding cost caused by
large-scale grid integration of wind power. The coun-
tries include Germany, Island of Ireland, UK, Belgium,
Austria, Netherlands and Poland. They are based on
comprehensive load flow calculations on the national
transmission grids. 

The studies quantify grid extension/reinforcement
requirements and corresponding costs caused by a
variety of factors. These factors include requirements
for increases in generation to meet demand (in general)
and (in particular) necessary measures and costs for
large-scale wind integration. The analyses are based
on load flow simulations of the corresponding nation-
al transmission and distribution grids that take into
account different scenarios of national wind integra-
tion, utilising the most favourable sites. The country-
specific studies indicate that the grid extension/
reinforcement costs caused by additional wind genera-
tion are in the range of 0.1 to 5 €/MWhwind, the high-
er value corresponding to a wind penetration of 30 %
in the system (UK). More studies and a harmonisation
of methodology is needed to develop a reliable 
empirical relation between grid extension/reinforce-
ment costs and wind energy penetration. It may, 
however, serve to identify problems with studies 
yielding results far from the present results.

Cost allocation principle
In the context of a strategic EU-wide policy for long-
term, large-scale RES-E grid integration, a fundamen-
tal unbundling discussion is indispensable. A proper
definition of the interfaces between the RES-E power
plant itself (incl. the “internal grid” and the corre-
sponding electrical equipment), and the “external”
grid infrastructure (i.e. new grid connection and 
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extension /reinforcement of the existing grid) has to
be discussed, especially for remote wind farms and
offshore wind energy. This does not necessarily mean
that the additional grid tariff components due to RES-E
grid connection and grid extension/reinforcement
have to be paid by local/regional customers only.
These costs could be socialised within a “grid infra-
structure” component at national, or even at EU level.
Of course, corresponding accounting rules would
need to be established for the grid operators.

Market redesign, demand side management and
storage
In view of the issues discussed above, many
European electricity markets still have structural defi-
ciencies and inefficiencies in their balancing and 
settlement procedures that discriminate against 
intermittent RES-E generation. Therefore, a re-design
of corresponding market structures and procedures is
seen as a precondition for integrating significant total
capacity of intermittent RES-E into the national and
international networks. This especially applies to wind
power now, for which there are very large capacity
expectations.

Addressing technological development in the short- to
medium-term, the implementation of improved 
forecasting tools will mitigate the intrinsic intermittency
of wind generation and, subsequently, reduce correspon-
ding costs for balancing the system. The future role of
new, advanced storage technologies, such as battery
and fuel cell systems, in providing corresponding 
balancing services is not yet clear. Therefore their 
market entry cannot yet be predicted or quantified.

Long-term and fundamental market re-design should
focus on having manageable loads on the demand-side.
Such loads should change sympathetically with changes
in generation, especially of intermittent generation.
Such management will reduce both system balancing
and system capacity requirements substantially and
hence their costs. The preconditions for the significant
implementation of demand response applications are (i)
the implementation of known and future technologies for
communication between supply and demand, (ii) tariffs
that encourage rapid and sufficient demand-side load
changes in response to the needs of supply, i.e. have
minimal transaction cost for consumers.

Nevertheless, the active integration of the demand-
side response in overall system operation is indis-
pensable. This will subsequently minimise the 
additional requirements on the system related to
future substantial intermittent RES-E generation.
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