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Executive Summary 

In December 2008, as part of the fight against climate change, the 
European Union adopted the Energy and Climate package that 
endorsed three objectives toward 2020: a 20% increase in energy 
efficiency, a 20% reduction in GHG emissions (compared to 1990), 
and a 20% share of renewables in final energy consumption.  

Responsible for about 40% of European energy-related emis-
sions, the power sector is key to the realization of these objectives. 
Renewables in electricity generation are expected to grow to around 
33% to meet the objective set by the European Commission, up from 
16.3% in 2009. Wind energy is expected to provide most of the extra 
renewable energy required in electricity generation to meet the 
objective. The share of wind power in EU 27 electricity production 
was 4.2% in 2008 and is steadily increasing. 

Wind-power penetration has to be seen in the light of the 
mixes of power generation resources in different countries, which 
depend on their resources, on energy policies (past and current), and 
on the structure of electricity demand. As wind-power penetration 
becomes significant in some countries, the effects on the electrical 
system become more of a challenge. These effects include the 
reliability of electricity supply, merit order and dispatching decisions, 
the cost of electricity, and the operation of power plants. 

Main observations 

Wind power is one of the lowest impact forms of electricity gene-
ration. As such, it is expected to play an increasing role in the fight 
against global warming. It contributes to energy security, bringing the 
benefits of a domestic resource and helping to diversify the portfolio 
of energy sources. 

Larger penetration of wind power can affect electricity prices 
since electricity generated by intermittent energy sources has to be 
used when available. Wind-power electricity can be sold at even zero 
or negative prices. Negative prices reflect bottlenecks in the trans-
mission system. They might not have yet a big negative effect on the 
electricity utilities but occurrences will increase with wind-power 
expansion, threatening utilities profits and therefore future invest-
ments. Electricity prices will remain highly volatile until the network is 
more integrated and transmission capacity is developed. 
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If we compare the costs incurred in supporting the wind 
industry with the result in terms of emissions reduction, the picture is 
rather unconvincing. The choices made by the most advanced 
European countries in wind-power development have been costly and 
have not yet yielded significant emission reductions. Denmark, Spain 
and Germany are among the largest-emitting countries on a per 
capita basis. Danish and German citizens pay a high price for their 
electricity, while in Spain conventional facilities have to cope with the 
increasing deficit between production costs and income. This might 
be the price that citizens are willing to pay now for supporting the 
development of a green technology – but for how long? 

Support schemes need to be planned with more forethought 
and a better assessment of costs and benefits. Subsidy programs 
enabled rapid advances in wind technology, but this technology is 
now at the threshold of maturity. Periodic reviewing is a critical 
feature for any successful FIT scheme. Fixed FITs over too long a 
period will undermine the emergence of the most efficient and compe-
titive actors. They also undermine development and commerciali-
zation of more successful alternatives. The difficulty is to plan ex ante 
the gradual phasing-out of support schemes: if this is done too early, 
the emerging market will collapse; if too late, the system threatens to 
be costly and eventually inefficient. Support schemes should be 
linked to the growing penetration of the technology on the market and 
its cost. However, in the case of wind-power energy, the impact on 
the overall electrical system should also be considered in order to 
make sure that additional operating costs do not exceed the added 
value of wind energy. 

Renewable energy policies, though driven by common 
European objectives, are designed at the national level, whereas the 
impact of increasing amounts of intermittent energy stretches beyond 
borders. National „visions‟ harbor two main risks. First, state-establi-
shed price systems often heavily subsidize chosen technologies to 
the detriment of others. When subsidies become too detached from 
real costs, governments are forced to make dramatic adjustments, 
such as can be seen at the moment in Spain, putting the burgeoning 
industry in jeopardy. Secondly, the vast amount of capital invested in 
chosen technologies might have been better shared across sectors. 

Main recommendations 

These various factors show that more rationalization of wind power 
development and management is needed. The European Union must 
introduce low emitting technologies in electricity generation but needs 
to take into account all the costs of the energy that will be delivered to 
the consumer. They also indicate that wind farms need now to be 
placed carefully so the harvest of wind resources can be maximized. 
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Overall, the variability of wind-power generation can be dealt 
with by interconnection capacities to a certain extent, while the availa-
bility of sufficient thermal power plant capacity is maintained. If the 
network is not upgraded in time, this could jeopardize the benefit 
expected in GHG emission reduction. 

Strong interconnections between neighboring countries are 
crucial for greater wind-power penetration. An objective on capacity 
production without a strategy to develop these links is bound to fail. 
One side of the equation is addressed at the national level, whereas 
the European objective requires a larger vision that would adequately 
prepare the European network to receive a massive amount of 
energy from wind. 

The European Commission and member states need to define 
the appropriate framework to encourage infrastructural investment so 
that the cost is carried by all participants and to design it in such a 
way that it is cost-effective at both cross-border and national level. 
However, the building of new transmission lines requires consensus 
among stakeholders in a context where opposition to any kind of 
infrastructure is mounting. Compromises to overcome resistance in-
variably increase the overall cost and seriously delay the project.  

They also need to address the coherence of support scheme 
policies among member states, since large amounts of wind power in 
the European network will affect the economic merit order. 

Deployment of renewable energy is a key part of the fight 
against climate change, but it needs to be done cautiously so that it 
will effectively generate environment benefits without imposing unac-
ceptable costs on society. 
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Introduction 

In December 2008, as part of the fight against climate change, the 
European Union adopted the Energy and Climate package that 
endorsed three objectives toward 2020: a 20% increase in energy 
efficiency, a 20% reduction in GHG emissions (compared to 1990), 
and a 20% share of renewables in final energy consumption. Respon-
sible for about 40% of European energy-related emissions, the power 
sector is key to the realization of these objectives. However, the 
inertia inherent in this sector highlights the importance of ensuring 
that public authorities and market incentives, whether to expand or 
replace capacity, establish an appropriate environment that will 
trigger low-carbon investments. Power plants built today have a 
lifetime of 30 to 60 years. 

Many options are available to decarbonize the power sector: 
fuel shifting from coal to less-emitting energy sources, development 
of carbon capture and storage facilities, improvement of electricity 
end-use, and greater use of nuclear-power generation and renewable 
energy sources. In the EU, renewable energy sources amounted to 
8.2% in primary energy consumption in 2008, of which 66.1% came 
from biomass, 21.2% from hydro and 6.9% from wind. To raise this 
number (8.2%) to 20%, individual targets are set for each member 
state. EU countries are free to decide their own preferred mix of 
renewables, allowing them to split the burden across three sectors: 
electricity, heating/cooling, and transport.  

Renewables in electricity generation are expected to grow to 
around 33% to meet the objective set by the European Commission, 
up from 16.3% in 2009. Since wind-power technology has matured 
and hydropower has limited additional potential due to geographical 
constraints, wind energy is expected to provide most of the extra 
renewable energy required in electricity generation to meet the 
objective. The share of wind power in EU 27 electricity production 
was 4.2% in 2008.  

This paper examines the main challenges facing the develop-
ment of large-scale wind power in the EU. As wind-power penetration 
increases, the impact on the whole electrical system is no longer 
trivial. The paper is organized in three parts:  

 The first part discusses the value of wind power 
as a source for electricity generation and presents an 
overview of wind-power development at the European 
level.  
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 The second part presents seven case studies in 
member states Denmark, France, Germany, Italy, 
Poland, Spain and the UK. It will show the difficulty of 
accommodating large amounts of wind-power energy 
and the impact on the overall electrical system.  

 The last part discusses the main political and 
economic issues arising from the fact that wind-power 
development obeys national rationales rather than ser-
ving a common European objective. 
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Integrating Wind Power 
into European Grids 

Electricity Generation in Europe: 
Toward More Renewables 

The power sector accounts for about 40% of Europe‟s greenhouse 
gas (GHG) emissions. This figure is accounted for by the electricity 
produced in the EU 27 coming from fossil fuels, primarily coal and 
natural gas. Despite many efforts to promote lower-GHG-emitting 
energy sources over the past years, the share of high GHG sources 
in electricity generation has worsened, rising from 47% in 1997 to 
50% in 2008. 

European electricity production faces numerous challenges as 
electricity demand continues to grow with economic growth, particu-
larly in eastern European countries, and as many power plants close 
to retirement need replacement. But what are the choices being made 
as new capacity is installed? Natural gas in electricity generation 
continues to be the fuel of choice. Its share of capacity is expected to 
reach 38% by 2030,1 up from 28% in 2005. This raises issues not just 
of GHG emissions, but of energy security. Coal power plants are 
difficult to install as they emit large amounts of GHGs, and there are 
many opponents of nuclear power. This Hobson‟s choice of power 
sources has contributed to broad support for renewable energy 
sources. Politicians, policymakers and the public have thrown their 
weight behind greater use of renewables. 

Figure 1.1  

 
Source: Eurostat 

In March 2007, EU leaders endorsed an aggressive plan to 
transform the European Union into a low-carbon economy and put it at 

                                                
1
 Natural-gas demand and supply – long-term outlook to 2030, Eurogas. 
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the forefront of the fight against climate change, while increasing energy 
security. The European Council set a series of demanding climate and 
energy targets to achieve by 2020, including reducing GHG emissions 
by at least 20% below 1990 levels, increasing the share of renewable 
energy to 20% of EU energy consumption, and improving energy 
efficiency by 20%. These three common objectives are known as the 
‘3x20’. Legislation enacting the climate and energy commitment to 
implement the 3x20 targets was agreed by the European Parliament and 
Council in December 2008 and adopted in June 2009. 

The 2010 objective 
Before establishing these legally binding targets on renewable energy, 
the EU had set indicative renewables 2010 targets for all member states 
and required actions to improve renewable-energy development.2 The 
EU objective was to reach 12% renewable energy in final energy 
consumption by 2010. To meet the 2010 target, the corresponding share 
of renewable energy sources in electricity generation was 21%. 

Table 1.1: EU targets for electricity from renewable energy sources – 
2010 and 2020  

 2008 
share (%) 

2010 
target 

2020 
target 

 2008  

share 
(%) 

2010 target 2020 
target 

Austria 62.3 78.1  Latvia 45.7 49.3  

Belgium 4.7 6  Lithuania 4.6 7  

Bulgaria 6.8 11  Luxembourg 3.3 5.7  

Cyprus 0.1 6  Malta 0 5  

Czech 
Rep. 

5.1 8  Netherlands 7.8 9  

Denmark 26.3 29 51.9 Poland 4.1 7.5 19.4 

Estonia 1.9 5.1  Portugal 26.2 39  

Finland 29.4 31.5  Romania 28.1 33  

France 13.3 21 27 Slovakia 15.5 31  

Germany 15.1 12.5 38.6 Slovenia 27.6 33.6  

Greece 6.3 20.1  Spain 20.2 29.4 36 

Hungary 5.
3 

3.
6 

 Sweden 5
3.9 

60  

Ireland 11.6 13.2  UK 5.4 10 30 

Italy 13.7 22.5 26.4 EU 27 16.4 21 33 

Source: EurObserv'ER: National Renewable Energy Action Plan for Denmark, France, 
Germany, Italy, UK and Spain; draft National Renewable Energy Action Plan for Poland 
 

                                                
2
 Directives 2001/77/EC and 2003/30/EC. 
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The likelihood that the EU as a whole was likely to fail to reach 
its 2010 target (see Table 1.1: Germany and Hungary are the only 
countries to have reached their targets at end 2008) led the European 
Commission to propose an even more demanding framework to drive 
the development of renewable energy and, in particular, to put 
forward binding targets for 2020. 

A quick look at the 2008 and 2010 numbers shows that not 
only will most countries fail to meet their 2010 objectives but that 
these objectives were probably unrealistic in the first place. This 
raises questions about the advisability, and the credibility, of setting 
even more ambitious objectives for 2020. 

Wind power: the fastest-growing energy source 
Wind power is the form of renewable energy with the greatest poten-
tial for growth. It is expected to provide most of the extra renewable 
energy required in electricity generation to meet the EU‟s 2020 objec-
tive. That is probably because it is the easiest and nearest to market. 
In 2009, for the second year in a row, more wind-energy capacity was 
installed in Europe than any other electricity-generating technology. It 
totaled 10163 GW, or 39% of total new installed capacity in 2009.  
Gas was next at 26% of the total. 

Table 1.2: Wind power in EU 27 2006–2009 

EU 27 2006 2007 2008 2009 

Total capacity installed (MW) 
48123 56681 65247 74800 

Total gross electricity production (TWh) 
82 104 118 129 

Average capacity utilization factor 3 (%) 
 22.7 22.1 20.9 

Share of gross electricity production (%) 
2.4 3 3.5 4.2 

Source: Eurostat, EurObserv'ER 
 

According to Eurostat electricity statistics,4 in 2009, renewable 
energy sources accounted for 16.3% of total net electricity production, 
and wind power for 4.2% of this total. Hydraulic remains the top 
source, at 71%, of renewable electricity, but wind power is steadily 
increasing, with a share of 26% of the contribution to renewable ener-
gy sources (RES) production. In 2009, with about 71 TWh, Spain was 
the largest contributor to renewable electricity production in the EU 
27, followed closely by France with just over 69 TWh, and Germany 
at 68 TWh. 

As wind-power penetration (the amount of electricity produced 
by wind power at a given time compared to electricity demand at that 
time) becomes significant in some countries, the effects on the 

                                                
3
 Average capacity factor = Electricity produced during a given year divided by the 

average installed capacity over the year (calculations made by the author). 
4
 Provisional data for 2009. 
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electrical system become more of a challenge. These effects include 
the reliability of electricity supply, merit order and dispatching deci-
sions, the cost of electricity, and the operation of power plants. The 
following section outlines the benefits and challenges of wind power, 
one of the lowest-impact forms of electricity generation, and the 
implications of accommodating an ever-increasing penetration of wind 
energy into the grid. 

Benefits of Wind Power 

Renewable energy sources (RES), such as hydraulic, wind or and 
solar power, provide emission-free electricity and are expected to 
play an increasing role in the fight against global warming. Like other 
renewable resources, wind power contributes to energy security, 
bringing the benefits of a domestic resource and helping to diversify 
the portfolio of energy sources. Wind resources are well distributed 
and can be easily exploited. Installation of wind turbines is rapid and 
adaptable. New RES are intended to displace fossil fuels, reducing 
countries‟ exposure to fossil-fuel price volatility and threats of energy-
supply disruption, as well as providing lower-cost electricity and ulti-
mately savings to consumers. Also, many proponents of RES argue 
that investing in more renewables will trigger the expansion of a 
green sector which has great potential for job creation. 

Wind power, in the right conditions, is now considered a com-
petitive, proven and reliable technology. Installed wind capacity has 
increased rapidly around the world, especially in Europe, where it 
rose to 75 GW in 2009. Policies that support the diffusion of new RES 
made this rapid growth possible and rendered more attractive this 
source of electricity supply. Many countries, where its penetration in 
electricity markets is already significant, have set ambitious targets 
for wind-power expansion. 

Challenges Facing Wind-Power Integration 

The challenges associated with wind-power expansion depend on 
each country‟s specificities. Differences in the electricity-generation 
mix and the versatility of national grids greatly influence the challen-
ges of integrating intermittent wind power. First, it is important to note 
the current impact of wind-power penetration on economic benefits 
(additional costs for the consumer or fuel costs saving) and social 
benefits (GHG emissions avoided).  

Each system will behave differently according to, inter alia, the 
mix of power plants; the flexibility of the electricity-generation mix; the 
characteristics of the national load curve; the integration of the 
national grid; and of course, its integration with the grids of its 
neighbors.  
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Not all power plants are dispatched at the same time or used 
for the same purpose. Base-load generation is used to produce a 
largely fixed quantity of electricity. It provides the minimum amount of 
power that must be made available to the grid to meet core electricity 
demand. Base-load power plants run at all times throughout the year. 
They are usually characterized by high fixed costs and low fuel costs. 
They include nuclear power plants (France, Germany, UK and Spain) 
and coal-fired power plants in coal-endowed countries (Denmark, 
Germany and Poland). Due to economic, environmental and techno-
logical changes, gas-fired power plants are increasingly used in 
Europe to generate base-load electricity (Denmark, Germany, Italy, 
Spain, UK) even though coal is considerably cheaper than most 
European contract gas. These smaller plants, such as gas turbines 
and a few diesel units, are used to cover peak demand periods 
because they can easily adjust to changes in supply and demand. 
These power plants run to meet demand over the base load (for 
example, when people return home from work or during temperature 
extremes). Hydro-power plants are well suited for both base-load and 
peak-load operations, depending on water availability (river or 
reserves). 

No power plant is available at all times. Thermal power plants‟ 
availability depends on maintenance schedules and technical con-
siderations (such as cooling restrictions). In the case of hydro and 
wind power, power generation is determined by natural-resource 
availability.  

Balancing supply and demand 
With the integration of new RES, electricity supply must now be 
considered from a new perspective. Coal, oil, gas, nuclear and, to a 
large extent, hydro are sources of electricity that convert known 
quantities of energy resources into electricity. Input and output are 
easily quantifiable and predictable. Electricity production and the 
associated network for transmission and distribution have been based 
on a reasonably predictable demand curve. As there is no electricity 
storage in the transmission and distribution system, the stability of 
electrical grids depends on the continuous balance between instan-
taneous electrical generation and consumption. Economic and 
technical considerations determine which power plant is more 
suitable at a given time. The network has, therefore, been based on 
centrally located large blocks of power generation able to deliver 
large electricity output. 

However, electricity generated from wind power can be highly 
variable and is a non-quantifiable resource that fluctuates according 
to weather patterns. At times, wind electricity can cover a large 
portion of electricity demand, as was the case briefly in Spain in 
January 2010. If the domestic market is not able to absorb total wind-
power output, the country has the choice of exporting the electricity 
produced at the current spot-market rates to maintain the stability of 
the system, or a dispatcher can cut off wind sources. And, of course, 
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there are times when the wind is not blowing. Improvement of near-
instantaneous wind forecasts and distribution of wind turbines over 
larger areas (with different wind conditions) can help to smooth 
intermittency and unpredictability, but intermittency can still be a 
factor that limits the amount of wind power that can be integrated in 
the existing network. 

Because grids are insufficiently versatile and interconnected, 
wind-power plants are difficult to dispatch, meaning that they cannot 
be turned on and off depending on electricity demand; this is not the 
case with gas power plants or base-load hydro. Instead, wind power 
needs to be used when the resource is available. Therefore, it cannot 
be used to address real-time variability of demand on the grid. To 
offset the intermittency effect, operators have to maintain flexibility 
through redundancy that imposes extra costs. Existing capacities 
might not be sufficient to play this role, especially if the energy mix is 
mainly composed of large blocks of base-load generating capacity, as 
is the case in France. Nuclear power can compensate for only limited 
fluctuations in wind-power production: fossil-fuel power plants are 
better adapted to this function. Flexible electricity generation mixes 
are more favorable to larger integration of new RES. But these costs 
associated with intermittency rise with higher levels of wind 
penetration. Since all wind output must be taken when available, 
wind-power technology cannot be defined as base-load or peak-load 
– it is more of a preferred or privileged capacity. Wind-power 
generation does, however, establish average patterns at different 
periods of the year; in Austria and Germany, it often serves base-load 
capacity on a daily basis, and peak-load supply in a given month at 
other times of the year. 

Increasing wind-power penetration also affects the size of 
reserve capacity that operators are obliged to maintain, in order to 
deal with sudden disruption in the system. This operating reserve is 
scaled to cover the loss of the largest unit of the system. It will have 
to be scaled up as wind power increases its penetration, but these 
costs will be significantly mitigated if a broader geographic grid can 
be established to spread one area‟s intermittency over a broader 
market. 

Wind-power location 
It seems obvious that wind turbines should be built where wind 
resources are sufficient and where the grid is able to integrate them, 
but windy spots are not necessarily close to the existing network or to 
markets. New remote plants require building long transmission lines, 
which entails additional costs. In contrast, location is less of an issue 
for fossil-fuel power plants that can be built close to the network. This 
issue is even more crucial for offshore wind power, since electricity 
has to be brought from the sea to the network. The indiscriminate 
building of wind machines in some markets is generating an environ-
mental backlash that could undercut policymakers‟ efforts to decar-
bonize power generation. Offshore installations might circumnavigate 
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some „not in my back yard‟ (NIMBY) opposition, but operators will 
need to carefully inform the public or new challenges will arise. 

Wind-power capacity factor 
Wind power has a low availability factor compared to conventional 
energy sources. Capacity utilization is the ratio of the amount of 
electricity produced in a given period to what the power plants would 
produce if they were running full-time. European onshore wind-power 
utilization rates are in the range of 15% to 25% compared with about 
90%5 for nuclear-power plants in many countries and base-load 
hydro. Thermal plant utilization rates cover a wide range; they can be 
expected to be much lower if a power plant serves peak power loads 
and higher if it is used for base-load production. Because wind is 
more regular on the coast and on the sea, offshore wind power has 
an availability of around 40%, but it raises other issues since the 
technology is far from being mature and it produces electricity at 
costs significantly higher than electricity produced by conventional 
energy sources, or even onshore wind. In countries where wind 
power is well developed, utilization rates seem to have reached a 
ceiling as fluctuations depend mainly on resource availability. The 
best sites having been taken, improvement brought by second-best 
sites is not significant, even if they contribute to greater geographic 
distribution of wind turbines over larger areas affected by different 
wind regimes. 

Given current grids and interconnections, wind power cannot 
replace fossil-fuel capacity, but it can displace the need for electricity 
produced by fossil-fuel power plants. This is why some scholars 
prefer to discuss the wind-power “capacity credit”, which represents 
the reduction in conventional power that could be achieved without 
reducing the overall system reliability, as a percentage of the rated 
capacity of the wind farms.6  

Cost of wind power 
Commercial decisions about new electricity generation capacity are 
mainly driven by costs. To be profitable, a project needs to be cost-
competitive. Two types of indications are relevant when looking at 
capacity production. For future capacity, investors refer to a medium-
term indicator, the Levelized Cost of Electricity (LCOE), which asses-
ses the cost of an electricity-generation system over its lifetime. For 
existing capacity, a key parameter is the price at which electricity is 
sold. Many studies are done using LCOE, but it is important to under-

                                                
5
 These values concern Germany, Finland, Belgium and Spain; French nuclear 

capacity factors are lower due to the high share of nuclear production in the 
electricity generation mix and the limits on exporting nuclear surplus to neighboring 
countries. 
6
 Technical issues for wind energy integration in power systems: Projections in Italy; 

A. Pantaleo, A. Pellerano, M. Trovato. Wind Engineering, Vol. 27, n°6, 2003, p473-
493. 
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stand the limitations of the methodology and the number of important 
variables held constant for the purposes of conducting comparisons. 

Table 1.3.1: Electricity generating cost for mainstream technologies for 
Eurelectric/VGB

7
  

 
LCOE ($/MWh, at 5% 

discount rate) 
LCOE ($/MWh, at 10% 

discount rate) 

EPR 16008 59.93  105.84 

Black coal 74.43 90.11 

Brown coal 62.73 79.61 

Black USC with 90% 
carbon capture & 
storage (CCS) 

74.51 102 

CCGT (combined 
cycle gas turbine) 

86.08 93.84 

Wind onshore 112.71 154.71 

Offshore wind (close) 120.93 162.89 

Offshore wind (far) 137.17 182.13 

Large hydro (river) 34.74 70.89 

Large hydro (pump) 72.95 148.88 

Solar PV 244.73 361.03 

Solar thermal 171.27 243.96 

 
Source: Projected costs of generating electricity, International Energy 

Agency (IEA) and Nuclear Energy Agency (NEA), 2010 edition 
 

The average cost over power-plant lifetime is a good marker 
that allows comparisons across various generating technologies. 
LCOE includes cost of capital, investment, operations and mainte-
nance, and cost of fuel. It indicates what should be the minimum price 
at which electricity must be sold for the project to break even. Data 
presented here is drawn from the latest report by the International 
Energy Agency (IEA) and the OECD Nuclear Energy Agency (NEA).9 
It does not include the costs associated with wind-power intermitten-
cy, such as investments in redundant capacity, transmission lines or 
effects on costs to distribution systems. It is assumed that the price of 

                                                
7
 Eurelectric represents the common interests of the European electricity industry. 

The corporate members are the industry associations of most European nations, 
which comprise the electricity generation and distribution companies. VGB is the 
federation of the owners of large boilers. 
8
 Including decommissioning costs, but the methodology employed in the IEA/NEA 

study (see Table 1.3.1 source) suggests that these costs become negligible at any 
realistic discount rate. 
9
 Projected costs of generating electricity, International Energy Agency (IEA) and 

Nuclear Energy Agency (NEA), 2010 edition. 
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a ton of CO2 is US$30, a price well above current and past values 
experienced in the European Emissions Trading System. This report 
shows that, even though onshore wind power is getting close to 
competitiveness, conventional generating technologies remain more 
competitive. Wind-power competitiveness is strongly linked to load-
factor variation and to other variables held constant for the LCOE 
calculations. 

To overcome the competitiveness gap between wind power 
and conventional generating technologies, European governments 
have adopted programs that promote and subsidize the use of rene-
wables in electricity generation. Most of the support schemes for 
renewables include feed-in-tariffs (FITs), a requirement that electricity 
providers buy electricity from renewable energy sources at a guaran-
teed price, or a renewable portfolio standard (RPS), an approach that 
sets a minimum share of electricity to come from renewables by a 
given date. FITs have been popular across Europe, boosting wind-
power expansion in Denmark, Germany and Spain where prices have 
been particularly generous. Feed-in-tariff regimes are generally 
considered as the most effective support schemes for promoting 
renewable electricity and reducing technology costs. For the longer 
term, however, such a system may be hard to sustain as it can 
become costly and distortive of electricity markets. Furthermore, the 
overall economic impact is difficult to assess as, too often, power 
plants have not been built at the best locations or close to the existing 
network. 

Impact of wind on electricity prices 
Another key parameter affecting the profitability of electricity-gene-
rating technologies is the spot price of electricity. In theory, the price 
of electricity sold to the consumer should reflect the overall cost of 
generating electricity. In practice, spot wholesale market prices are 
determined by the generation costs of the marginal technology, i.e. 
the most expensive power station needed to satisfy the demand. 
Indeed, the first power plant to be cut is usually the most expensive to 
be operated (or, to put it differently, when electricity demand increa-
ses, power plants are dispatched according to their economic merit 
order, so the most cost-effective power plants are the first to be 
dispatched). This means that electricity prices don‟t necessarily 
reflect the average cost of producing electricity and that electricity 
producers have to bear the risk associated with price volatility. 

Electricity from wind power is given first priority in the power 
grid by regulation. But, as the amount of wind energy in the grid 
fluctuates with the weather, the price charged by other producers for 
electricity is subject to similar fluctuations and to greater volatility. 
Larger penetration of wind power can affect electricity prices since 
electricity generated by intermittent energy sources has to be used 
when available. Wind-power electricity will be sold at even zero or 
negative prices, even when the utility must continue to respect the 
feed-in-tariff rate to the producer. As wind penetration increases, 
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these pricing effects lower not only the profitability of wind-power 
projects but also the electricity producers‟ investments.  

One European objective, 27 national energy policies  
Wind-power expansion and the tools used to promote its develop-
ment are mainly decided at the national level even though the overall 
intent is to conform to a common European objective. Their effects 
are felt all across Europe, whether on electricity markets or on cross-
border electricity trade that contributes to better sharing of wind 
electricity across larger areas. However, there is no coordination 
between member states on levels of support for renewable energy 
development, whether in quality or quantity. FITs are generally high 
but vary from one country to another. Objectives are set for capacity 
production without due consideration of the preparedness of network 
infrastructure, which is crucial for the sustainable and secure integ-
ration of new renewable energy sources. Understanding and asses-
sing wind-power developments in Europe must begin at the state 
level before the assessment of wind-power expansion among EU 
members. This is the purpose of the following part of this paper. 
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Case studies – Denmark, France, 
Germany, Italy, Poland, Spain, UK 

Understanding the role of wind power in the European electrical 
system begins with an assessment of the economic and environ-
mental impact of wind-power penetration at the level of member 
states. In the following sub-sections, we present the energy mix of 
seven countries and assess wind-power expansion in each. 

Denmark, Germany and Spain are obvious choices as these 
have well-advanced wind-power programs and are drawing lessons 
from their experiences. France is often criticized for its lack of 
enthusiasm for new renewable sources yet remains one of the 
lowest-GHG-emitting countries on a per capita basis due to the high 
share of nuclear power in its electricity-generation mix. The UK has 
set very ambitious targets for increasing the share of renewable 
energy sources in its electricity mix by 2020. Poland relies mainly on 
coal for electricity generation. It illustrates the struggle faced by 
eastern European countries to meet EU climate targets. Italy faces 
another major challenge as it is the largest European importer of 
electricity and perhaps the most paralyzed by the NIMBY problem. 

Wind Power in Denmark 

The Danish electricity mix is mainly composed of hard coal, gas and 
wind. For a long time, Denmark had a very low share of renewable 
energy. Given Denmark‟s strong political concern about global 
warming and seeing an opportunity for technology exports, the 
Danish government initiated a policy to expand renewable energy, 
notably with wind power and biomass production. Indeed, many sites 
in Denmark have good wind resources for both onshore and offshore 
wind power. Lately, the focus has shifted towards offshore wind 
power as economic and political support for onshore wind turbines 
has decreased and many of the best spots for onshore wind power 
are already taken. Even so, the repowering of old wind installations 
will lead to a slight increase of the capacity onshore. Installed wind-
power capacity went from 343 MW in 1990 to 3.5 GW in 2009. 
Offshore capacity was 639 MW in 2009, up from 50 MW in 2001. The 
capacity factor is now relatively stable (see Table 2.1.2) and depends 
mainly on wind conditions. 
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Table 2.1.1: Electricity generation mix in Denmark (GWh) – share  
of electricity generation source in total gross electricity production (%) 

 
1997 Share (%) 2001 Share (%) 2005 Share (%) 2008 Share (%) 

Wind 
1934 4,4 4306 11.4 6614 18.2 6928 19 

Oil 
5243 11.8 4180 11.1 1371 3.8 1131 3.1 

Gas 
6870 15.5 9273 24.6 8780 24.2 6928 19 

Nuclear 
0 0 0 0 0 0 0 0 

Hydro 
19 0,04 28 0,07 22 0,06 26 0.07 

Coal 
28756 64.9 17819 47.2 15463 43 17458 48 

Total 
44310  37726  36241  36391  

Source: Eurostat 

Figure 2.1.1 

 

Source: Eurostat 

 

Table 2.1.2: Denmark electricity imports and exports (GWh) 

 
1997 2001 2005 2008 

Imports 3796 8199 12943 12815 

Exports 11048 8774 11574 11360 

Source: Eurostat 

 
In 2008, in addition to 3.2 GW of wind generation capacity, 

there were also 7.2 GW of central CHP and 2.4 GW of local CHP 
plants. Even though CHP production can be controlled, unlike wind 
power production, most CHP plants are unfit for rapid adjustments to 
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demand. When wind production is large and cold weather causes 
large heat demand at the same time, situations where CHP covers a 
high share of the power demand happen on a regular basis, forcing 
Denmark to export wind power to Norway or Germany, sometimes at 
zero or negative prices.  

Table 2.1.3: Ratio of wind-power output/wind-power capacity 2000–
2009 

DENMARK 2001 2002 2003 2004 2005 2006 2007 2008 2009 

Total 
capacity 
installed 
(MW) 

2417 2889 3115 3125 3129 3135 3124 3166 3481 

Total gross 
electricity 
production 
(TWh) 

4.3 4.9 5.5 6.6 6.6 6.1 7.2 6.9 6.7 

Ratio
10

 (%) 20.3 19.2 20.3 24 24.1 22.2 26.2 25 22 

Ratio bis
11

 (%) 
20.9 21.1 24.1 24.1 22.4 26.2 25.1 23.1 

Source: Eurostat, EurObserv'ER 

 
Denmark has the highest penetration of wind power in its 

electricity supply systems of any country and had already reached its 
2010 target by 2007. Wind power supplies just over 20% of gross 
electricity production. Fortunately, Denmark is an example of where 
the ability to cooperate between countries to manage surplus wind 
power has stimulated a more integrated power network. Part of 
Danish wind-power production is exported to Sweden and Norway in 
order to balance the power system. Numerous studies show a strong 
correlation between high-wind situations and exports, in particular in 
cold weather when Denmark is obliged to run its CHP for heat. 
Denmark profits from the interconnections with Germany and with 
Nordic countries. Western Denmark belongs to UCTE, the grid of 
central Europe, and synchronizes with Germany through four AC 
connection lines. In addition, Western Denmark is linked to Nordel, 
the Scandinavian system, through DC links to Sweden (740 MW) and 
Norway (1040 MW). Eastern Denmark belongs to Nordel, and is 
linked to Sweden through four DC connections with a total capacity of 
1900 MW12 and is also connected to Germany (600 MW HVDC13). 
Given the dimension of the wind park in Denmark and domestic 
demand, wind can supply up to 60% during peak load periods and all 

                                                
10

 Ratio = Electricity during a given year divided by total capacity for the same year. 
11

 Ratio bis = Electricity produced during a given year divided by the average 
installed capacity over the year.  
12

 Western and Eastern Denmark are not linked yet but a project is currently under 
development. 
13

 Source : www.energinet.dk 
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demand during low demand. In times of excess production, Danish 
exports can be used to pump hydro storage in Norway for later use. 

Interconnection capacities are large with regard to Danish 
wind-power capacities, since peak load can reach about 6300 MW 
and transmission capacities normally represent 1500 MW in the 
southbound direction and approximately 950 MW northbound.14 
These strong ties allow Denmark to sell excess power and buy 
balancing power, mainly imports of hydro power from the Nordic 
countries, to accommodate Danish intermittent electricity production. 
Power exchanges vary considerably from year to year depending on 
local conditions. Fig. 2.1.1 shows strong variations in gross electricity 
production, which are balanced by hydro-electricity imports. These 
imports are particularly useful to reduce the need for additional back-
up capacities. However, Denmark still has to maintain a relatively 
high share of conventional thermal capacities (8850 MW in 2007 
compared to 8724 MW in 199015) to face years when dry conditions 
and low wind are correlated (such as 1996). 

Inside Denmark, wind power combined with CHP displaces 
large amounts of fossil fuels which are the core of the Danish 
electricity mix. A first consequence is that high wind-power pene-
tration helps save fuel costs that would have otherwise been used to 
operate coal-fired power plants. Secondly, the environmental benefit 
is real since, for a kWh of energy generated by wind power, GHGs 
that otherwise would have been emitted through fossil-fuel burning 
are avoided. However, fossil-fuel power plants still represent 78.6% of 
electricity generation, making Denmark one of the highest-emitting 
countries per capita of the European Union, ranking 8th out of 27 in 
2007 (10 out of 27 in 1990), this despite large investments in wind-
power capacity. 

The impact of Danish wind-power excess capacities outside 
Denmark is different, since wind-power exportation to Norway and 
Sweden mainly replaces hydropower capacities, or is used to pump 
and store water for later use (assuming that storage capacities are 
not full). Further expansion of wind power has to be correlated with 
hydropower in the Nordel area. The Danish example shows that, 
when increasing wind-power penetration, one has to look at the 
system as a whole. For example, increasing intermittent production in 
Sweden and Norway could lead to large amounts of wind spill since 
the Nordic countries would no longer be able to absorb the full 
surplus of Danish wind-power production. Interconnection with 
Germany cannot always be expected to play a significant role since 
high wind conditions in Western Denmark are correlated with high 
wind conditions in northern Germany. So, during periods of high wind, 
wind-power production in northern Germany necessarily limits the 

                                                
14

 http://www.energinet.dk/NR/rdonlyres/8B1A4A06-CBA3-41DA-9402-
B56C2C288FB0/0/EcoGriddk_phase1_summaryreport.pdf 
15

 US Energy Information Administration 
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amount of electricity that can be taken from the West Danish system. 
According to Energinet,16 owner of the main electricity and natural-
gas grids in Denmark, power oversupply occurs for approximately 
100 hours a year. The problem is expected to become three to five 
times worse within a few years unless other means become available 
to dispatch the surpluses further afield.  

Fig 2.1.2: The Danish wind carpet (wind farms) 

 
 
Wind energy is strongly supported by public opinion in 

Denmark. One illustration of this support is that 15% of Danish wind 
capacity is owned by cooperatives involving thousands of citizens 
making joint investments in wind energy. This positive image is 
backed up by one of the most developed wind-energy manufacturing 
sectors and by impressive job creation in „green business‟. Develop-
ment of wind energy in Denmark is certainly a technological and 
industrial success (see part 3 for further discussion). This success is 
particularly impressive in a flat country where there are now few 
places where wind-power turbines are not visible (when referring to 
wind farms, the Danes use the term “wind carpet”). 

Denmark applies environmental and energy taxes to reflect 
the environmental costs of conventional electricity production and to 
promote R&D in new renewable energy sources. Danish consumers 
have to pay a public service obligation (PSO) as part of their 
electricity bills. PSO is used by Energinet to finance subsidies for 
renewable-energy production and development. Electricity in 
Denmark is among the most expensive in Europe due to the high 

                                                
16

 Power oversupply: when the amount of power available exceeds power 
consumption. 
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level of taxes. Large amounts of wind power affect Danish electricity 
prices and induce high price volatility. Prices of electricity exchanged 
on the Nord Pool market can drop to zero when electricity produced 
by wind turbines is high and production exceeds consumption. In 
2009, the power exchange introduced negative electricity prices, 
which means that wind producers will actually have to pay to sell their 
power at times when the market is saturated, or will have to halt their 
production. As noted above, this phenomenon is limited to about 100 
hours a year but could increase as wind-power capacity continues to 
develop. This highlights the need for more interconnection capacity 
across Europe to transmit wind energy where it is most needed at 
times of high production in Denmark. 

The particular situation of Denmark inside the Nordel plate 
and the cooperation between Nordic countries have been key to 
wind-power expansion in Denmark by helping to balance the highly 
variable wind output from Denmark. In this way, the Danish example 
is particularly relevant for future wind development in Europe, 
especially in the UK. There, very ambitious wind projects need to deal 
with the fact that the UK is an electrical island which will make it more 
difficult and therefore more expensive to balance the intermittence of 
wind power with neighbors. 

Notwithstanding all this effort in the area of renewable wind, 
from 1990 to 2007 Denmark has reduced its GHGs emissions by a 
mere 2.3 MtCO2 (-3.3%) and has not improved its ranking within the 
EU-27 on a per capita emissions basis. Feed-in tariffs have success-
fully triggered significant investments in wind-power generation but 
may have been too high and cost-inefficient, even though levels have 
been reduced over time (see panel below). The impact of wind-power 
penetration on electricity market prices raises the question of the way 
that subsidies are evolving and how the European electricity network 
needs to adapt to integrate larger amounts of intermittent energy 
sources. Short of that, the effect on electricity prices will no longer be 
of minor import. 

Promoting wind power in Denmark – the use of subsidies 

Until 2000, wind-power producers were guaranteed a feed-in tariff paid 

by grid companies that depended on the location of the turbine, plus a 

carbon-tax refund and a production subsidy from the government. 

These conditions were highly favorable and boosted wind-power 

development. Even low-wind locations could guarantee a profitable 

return on investment. In the late 1990s, on average, wind producers 

received about 80€ per MWh produced.
17

 According to some studies, 

by 1998, the Danish government had paid €75 million to wind-power 

                                                
17

 http://www.ecn.nl/docs/library/report/2002/c02083.pdf 
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producers, a heavy burden on the budget that was expected to 

increase along with wind-power capacity expansion.
18

  

A new support system was implemented in 2000 and, since 2003, all 

new plants generating renewable energy are subjected to more 

market-based tariffs, although the new system is less ambitious than 

originally planned. A tradable green certificates market has been 

considered but strong opposition by wind developers led to its 

rejection. Wind turbines built before 2003 continue to receive a 

guaranteed price through FIT. 

In addition to the spot market price for electricity, new wind-power plants 

receive a premium price for each kWh produced. For onshore turbines 

connected to the grid after February 2008, the premium price was set at 

34€/MWh for 22,000 full load hours, i.e. about 10 years, while the average 

spot market price was approximately 38€/MWh in 2008.  

As for offshore wind-power plants, most have been financed by 

electrical utilities under an agreement with the Danish government. 

Offshore turbines connected to the grid after January 2000 receive a 

feed-in-tariff set at 61€/MWh for 42,000 full load hours, i.e. about 12 

years (assuming a capacity factor of 40%). Additional costs such as 

reinforcements of onshore power or of transmission cables to the 

shore are to be covered by the Danish Transmission System Operator 

(TSO) – that is, indirectly by the Danish consumer. 

In addition, turbine owners receive compensation for offset costs and 

for balancing wind-power production.  

Energinet, the TSO, is responsible for the sale of electricity produced 

by wind turbines. All the turbines are subject to curtailment at the 

decision of Energinet (for security purpose), which must compensate 

plant owners for loss of earnings. The additional costs of wind power 

(compared to conventional power) are passed on to Danish power 

consumers as support for renewable electricity is now paid by all 

electricity consumers as a public service obligation (PSO). Since the 

implementation of the new support scheme, growth in installed 

onshore wind capacity has remained relatively flat. In 2008, subsidies 

for Danish wind turbines amounted to 69.5 million. 

(See also Annex) 

Source: http://www.energinet.dk/NR/rdonlyres/3097FD4E-F82A-43D0-BBD9-
8BF07C349474/0/Windpowermagazine.pdf 
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 http://www.ecn.nl/docs/library/report/2002/c02083.pdf+Monthorst, 1999 
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Wind Power in France 

Nuclear power, providing about 80% of total electricity, is the core of 
French electricity generation. France is also the second-ranked 
European country in the share of renewable energy sources in elec-
tricity production, with 12.4% in 2009. Hydro represents the core of 
renewable electricity production. Other than nuclear power plants and 
hydro facilities, generation can be split following the different type of 
units: classic thermal coal-fired, gas-fired or other, and other rene-
wable energy sources. 

Table 2.2.1: Electricity generation mix in France (GWh) – share of 
electricity generation source in total gross electricity production (%) 

(GWh) 1997 
Share 

(%) 2001 
Share 

(%) 2005 
Share 

(%) 2008 
Share (%) 

Wind 
11 

 
0.002 131 

 
0.02 963 

 
0.17 5689 

 
0.99 

Oil 
7727 

 
1.5 5958 

 
1.1 7925 

 
1.4 5892 

 
1 

Gas 
4900 

 
1 15146 

 
2.7 23069 

 
4 21915 

 
3.8 

Nuclear 
395483 

 
78.4 421076 

 
76.6 451529 

 
78.4 439468 

 
76.3 

Hydro 
68070 

 
13.5 79302 

 
14.4 56991 

 
9.9 68838 

  
12 

Coal 
20618 

 
4 20077 

 
3.7 27515 

 
4.8 24447 

 
4.2 

Total 
504500 

 
549836 

 
576165 

 
576034 

 

Source: Eurostat 

Figure 2.2.1 

 

Source: Eurostat 
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Table 2.2.2: France electricity imports and exports (GWh) 

 
1997 2001 2005 2008 

Imports 4238 4471 8062 10683 

Exports 69634 72861 68390 58689 

Source: Eurostat 

 
Interconnections link France to Spain, the United Kingdom, 

Belgium, Germany, Switzerland and Italy. France is an electricity 
exporter; almost 58,700 GWh was exported in 2008 (10,700 GWh 
imported). Typically, France exports electricity produced from nuclear 
power plants (for base-load purposes) and imports electricity gene-
rated by fossil-fuel power plants to cover peak demand periods. 

Even though France has great wind-power potential, it has 
lagged behind other EU member states such as Spain, Denmark and 
Germany. Development of the French wind industry has been comp-
romised by the lack of a domestic market. While, in Germany and 
Denmark, politicians decided to promote the penetration of wind 
power in the electricity generation mix – to respond to a carbon-
intensive fuel mix in Denmark and pressure to shut down nuclear 
power in Germany – the situation is different in France. Thanks to the 
large share of low-emitting energy sources in its electricity generation, 
CO2 emissions per capita are low compared to other European 
countries. France ranks 21st out of 27 countries on a per capita 
emissions basis. The EU‟s Energy and Climate package, with its 
mandatory renewable objectives, gave a new impulse to France‟s 
ambitions to extend wind-power capacity to 19,000 MW onshore 
(compared to 4,521 MW in 2009) and to 6,000 MW offshore. This 
expansion will require an additional 8,000 turbines compared to the 
2,500 currently installed. 

One lesson that can be drawn from the French example 
concerns the trade-off that has to be made between infrastructure 
development and preservation of other economic interests. France 
has the second-largest resource potential for wind-power develop-
ment, behind the UK. However, most of its windiest spots are situated 
on the Atlantic coast, areas highly dependent on tourist activities. As 
a consequence, only second-best sites have been used, without 
adequate consideration or coherence, and putting future wind expan-
sion at risk of local public opposition. 
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Table 2.2.3: Ratio of wind power output/wind power capacity 2000–2009 

Source: Eurostat, EurObserv'ER 

 
Wind electricity produced in 2009 was 7.8 TWh – 1.4% of total 

electricity production. In 2008, 75% of the electricity generated by wind 
power replaced fossil-fuel electricity and helped avoid emitting 1.65 
million tons of CO2.

21 However, according to the French energy regulator 
(Commission de Régulation de l’Energie, CRE), the more wind-power 
penetration increases, the more wind power will replace electricity 
generated by nuclear power. The CRE estimates22  that the cost per 
avoided ton of CO2 induced by wind power would average between 
€230 and €280, and up to €490 for offshore wind power, as opposed to 
€2 for insulating buildings or €97 for geothermal heat pumps. 

The social and economic benefits of wind-power development 
are, therefore, questionable in France. Due to its high share of low 
CO2-emitting energy sources, environmental benefits are very low 
compared to the cost generated by a high penetration of wind power. 
Electricity from existing nuclear power remains one of the most 
competitive electricity generation sources. Furthermore, flexible capa-
cities (i.e. fossil-fuel power plants or run-of-the-river hydroelectricity) 
will need to be adjusted to the ambitious targets set by the French 
government. Nuclear power is not appropriate for the rapid adjust-
ments required by wind-power fluctuation. More conventional thermal 
power plants will probably have to be built for this purpose, which 
eventually could lead to higher emissions in low-wind years. The 
situation is different regarding overseas departments and territories 
where electricity generation is mainly fossil-fuel-based. There, judi-
cious development of wind power could allow CO2 emission reduc-
tions and help reduce fuel costs. 

Finally, high penetration of wind power in the French network 
will translate into higher exports to neighboring countries, which 
poses the problem of subsidized electricity that will probably be 
exported at cheap prices and will not benefit the French consumer. 

                                                
19

 Ratio = Electricity during a given year divided by total capacity for the same year. 
20

 Ratio bis = Electricity produced during a given year divided by the average 
installed capacity over the year. 
21

 Rapport d‟information sur l‟énergie éolienne, Assemblée Nationale. 
22

 Avis du 30 octobre 2008 relatif au projet d„arrêté fixant les conditions d‟achat de 
l‟électricité produite par les installations utilisant l‟énergie mécanique du vent. 

France 2001 2002 2003 2004 2005 2006 2007 2008 2009 

Total capacity installed (MW) 
94.0 153.0 249.0 382.3 755.6 1736.9 2482.0 3542.0 4521.0 

Total gross electricity production 
(TWh) 

0.1 0.3 0.4 0.6 1,0 2.2 4.1 5.7 7.8 

Ratio
19

 (%) 
18.0 22.3 19.4 18.8 15.0 14.4 18.7 18.3 19.7 

Ratio bis
20

 (%) 
  27.6 24.1 22.7 19.9 20.1 22.0 21.6 22.1 
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Promoting wind power in France – the use of subsidies 

French support for new renewable energy sources is based on a feed-

in-tariff system. The price for electricity generated by onshore wind-

mills is set at €82/MWh for the first 10 years. The price for the following 

five years is expected to decrease, depending on system productivity. 

To be eligible for the feed-in tariff, wind farms must be built in specific 

areas (wind-power development zones, ZDE) based on several 

criteria, including regional electrical production potential, grid-

connection capacity and environmental factors. 

France does not yet have offshore wind-power capacity. The French 

government intends to submit offshore wind-power projects to a 

process of calls for tender. The first of these calls should be published 

in 2010, followed by additional calls in 2012 and 2014. Feed-in tariffs 

guarantee a price set at €130/MWh for the first 10 years, decreasing 

the following years depending on system productivity. 

The French utility, EDF, must buy all the wind energy, guaranteeing a 

market to wind-power developers. Part of the additional cost is passed 

on to consumers through a public-service tax – “compensation du 

service public de l'électricité” (CSPE); EDF bears the other part. The 

CSPE represents the difference between the wholesale electricity 

market price and the FIT. During the second quarter 2009, French 

wholesale electricity prices
23

 were in the range of €30–35 per MWh for 

base-load demand and €38–42 per MWh during peak demand periods. 

The French regulator gave a negative assessment on the FITs, 

estimating that they were too high. 

(See also Annex) 

Wind Power in Germany 

Nuclear, coal and natural gas are the dominant fuels for electricity 
generation in Germany, with shares of 23.3%, 19.6% and 11.9% 
respectively in 2008. Germany has few indigenous fuel resources 
apart from lignite and is one of the world‟s biggest importers of gas 
and coal. After the Chernobyl accident, support for nuclear energy 
faltered and, in 1998, a coalition government decided to phase out 
nuclear power. The share of nuclear power in electricity generation 
dropped from 43% in 1997 to 35% in 2008. Germany also intends to 
diminish the share of coal in electricity generation as it is a high GHG-
emitting energy source. The portion of electricity from coal-fired plants 

                                                
23

 Quarterly Report on European Electricity Markets, Vol. 2, Issue 2: April 2009–June 
2009, European Commission, DG Energy & Transport. 
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dropped to 29% in 2008, from 36% in 1997. As a consequence, 
electricity imports increased to supply base-load electricity generation 
and questions about Germany‟s ability to prevent a deficit in the 
country‟s electricity supply have arisen. 

Table 2.3.1: Electricity generation mix in Germany (GWh) – share of 
electricity generation source in total gross electricity production (%) 

(GWh) 1997 
Share 

(%) 2001 
Share 

(%) 2005 
Share 

(%) 2008 
Share 

(%) 

Wind 
3034 

 
0.55 10456 

 
1.8 27229 

 
4.4 40574 

 
6.4 

Oil 
6866 

 
1.2 4773 

 
0.8 10583 

 
1.7 8604 

 
1.4 

Gas 
50176 

 
9.1 58430 

 
10 68405 

 
11 75921 

 
11.9 

Nuclear 
170328 

 
30.9 171305 

 
29.2 163055 

 
26.3 148495 

 
23.3 

Hydro 
20934 

 
3.8 27253 

 
4.6 26717 

 
4.3 26963 

 
4.2 

Coal 
143103 

 
26 138999 

 
23.7 127983 

 
20.6 124617 

 
19.6 

Total 
551604 

 
586340 

 
620300 

 
637214 

 

Source: Eurostat 

Figure 2.3.1 

 

Source: Eurostat 

 

Table 2.3.2: Germany electricity imports and exports (GWh) 

 1997 2001 2005 2008 

Imports 38012 45779 56861 41669 

Exports 40361 42122 61427 61770 

Source: Eurostat 
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This change of policy and lack of domestic resources helped 

trigger a strong development of renewable energy sources, particu-
larly wind and solar power. Environmental constraints supported 
renewable energy policies, as Germany looks to decrease its GHG 
emissions in the hope of meeting its ambitious goals. Germany is well 
on track to achieve its Kyoto objective, -21% by 2020 compared to 
1990 levels. This good result is largely due to the impact on Germany 
of the economic collapse of the five Länder (states) reunited with the 
former West Germany in 1991 – after the 1990 Kyoto baseline. 
Germany, however, remains the largest European GHG emitter – 
although it ranks 11th out of 27 on a per capita emissions basis – due 
to the share of fossil fuels in its electricity generation, where coal is 
expected to remain significant in 2020. Germany has stated its 
intention to reduce greenhouse-gas emissions by 80% by 2050. 
Debate over nuclear power has again taken off, since cutting carbon 
emissions through new renewable-energy expansion, while phasing 
out nuclear power, looks difficult to achieve. 

Germany was among the first wind markets to develop on an 
industrial scale, together with Denmark. Yet in Germany, the ratio of 
electricity output compared to wind-power capacity is quite low. In 
2007, wind represented 17% of total installed capacity, while it 
contributed 6.3% of total electricity generation out of a total supply of 
637 TWh. In 2009, the share of electricity produced by wind power 
reached 6.4% in Germany, the same figure as in 2008. Wind 
conditions were poor in 2009 and additional capacity in that year 
compared to 2008 did not benefit electricity production. 

Table 2.3.3: Ratio of wind power output/wind power capacity 2000–2009 

GERMANY 2001 2002 2003 2004 2005 2006 2007 2008 2009 

Total capacity installed (MW) 
8754.0 11994.0 14609.0 16628.8 18414.9 20621.9 22247.4 23902.8 25777.0 

Total gross electricity production 
(TWh) 

10.5 15.9 18.9 25.5 27.2 30.5 39.7 40.4 37.5 

Ratio
24

 (%) 
13.6 15.1 14.8 17.5 16.9 16.9 20.4 19.3 16.6 

Ratio bis
25

 (%) 
  17.4 16.2 18.6 17.7 17.8 21.2 20.0 17.2 

Source: Eurostat, EurObserv'ER 

 
The German transmission system is operated by four 

transmission system operators corresponding to four control zones. 
Germany is linked to several countries, including France, Poland and 
Denmark (East and West). The level of low demand in Germany is 
about 25 GW, approximately the size of wind-power total capacity; 
theoretically, wind-power production could meet Germany‟s entire 

                                                
24

 Ratio = Electricity during a given year divided by total capacity for the same year. 
25

 Ratio bis = Electricity produced during a given year divided by the average 
installed capacity over the year. 
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load from time to time. This phenomenon occurs more particularly in 
northern Germany, in zones where large wind capacity has been 
developed. Significant wind production in northern Europe displaces 
production from conventional power plants in Germany and further 
across continental Europe, with Germany being at this time an export-
ter of electricity. The country could have an impact on the security of 
the system as regional overloads might occur, possibly leading to 
transfer restrictions. 

Germany also needs to balance the location of back-up capa-
city with regard to wind-power flow. Overloads have already been 
identified in Northern and Eastern Germany, which also benefit from 
Nordel exports during high-wind periods. But other conventional 
capacities will need to be developed in Western and Southern 
Germany to ensure that the north-south power flows maintain the 
system security.26  

Like Denmark, Germany introduced negative prices to signal 
to electricity producers that they can chose to pay if they are willing to 
feed their power to the grid or can halt their production. Since the end 
of 2008, negative prices have occurred for periods of several hours, 
at times nine hours in a row.27 Negative prices reflect bottlenecks in 
the transmission system. They might not have a big negative effect 
on the electricity utilities but occurrences will increase with wind-
power expansion, threatening utilities profits and therefore future 
investments. Electricity prices will remain highly volatile until the 
network is more integrated and transmission capacity is developed. 

Germany is widely cited as an example for wind-power 
expansion and the large-scale feed-in tariff it has implemented (see 
panel below). A study28 by the German Federal Minister for the 
Environment found that, both in 2008 and 2009, the feed-in tariff led 
to a surcharge on German consumers of €4.7bn. This might be the 
price that German citizens are willing to pay to spur the growth of 
renewable energy. However, the rate of growth has slowed, which 
makes the German target for 2020 (a share of 30% of renewable 
energy sources in electricity production) very ambitious. Germany 
intends to tap into the enormous offshore wind potential in the future. 
Still, wind-power expansion did not prevent new coal power stations 
from being built. In 2009, the increase in new electricity consumption 
led to more new energy in Germany coming from coal than from 
renewables. If the European Union succeeds in putting a significant 
price on the ton of CO2 through the Emission Trading System, the 
German electricity generation mix will become one of the most 

                                                
26

 European Wind Integration Study, Interim report, June 2008. 
27

 Quarterly Report on European Electricity Markets, Vol. 4, Issue 2: October 2009–
December 2009, European Commission, DG Energy & Transport. 
28

 Cost and benefit effects of renewable-energy expansion in the power and heat 
sectors, 
http://www.bmu.de/files/english/pdf/application/pdf/hg_ausbau_ee_2009_en_bf.pdf 
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expensive in Europe, at least until carbon-capture and storage 
technologies become feasible and competitive. 

Higher penetration of wind power will lead to an increase in 
exports of electricity (and the need for reinforcement of interconnect-
tions), which is heavily subsidized by German citizens. With regard to 
the fight against climate change and how it raises the stakes, and the 
economic burden on Germany, one wonders if opposition to nuclear 
power is sustainable. Only a well-informed citizenry can make that 
call. 

Promoting wind power in Germany – the use of subsidies 

Under the Grid Renewable Energy Act, operators are obliged to buy 

and transmit electricity from renewable energy sources with priority 

access to the grid. 

Electricity generated from onshore wind turbines commissioned in 

2010 must be purchased at an initial tariff of €91/MWh. This tariff is to 

be paid for the first five years of operation. Afterward, a final tariff of 

€50/MWh is applied until year 20. Some turbines are entitled to a 

bonus. Both the initial tariff and the bonus decrease each year by 1%. 

Electricity generated by offshore wind-power facilities receive an initial 

tariff set at €130/MWh for the first 12 years of operation. Electricity 

produced by offshore facilities commissioned before January 1, 2016 

are entitled to a bonus of €20/MWh. After the termination of the initial 

tariff (which might be extended depending on the location of the wind-

power facilities), the final tariff is set at €35/MWh until year 20. The 

offshore feed-in tariff decreases by 5% each year, with the first 

reduction taking place in 2015. 

Renewable electricity fed into the grid is paid for by the network 

operators at fixed tariffs. The costs are passed on to electricity 

consumers; there are no government subsidies. During the second 

quarter of 2009,
29

 German wholesale electricity prices on the European 

Energy Exchange were in the range of €31–33 per MWh for base-load 

demand and €38–40 per MWh during peak demand periods. 

(See also Annex) 

Wind Power in Italy 

Italy has limited domestic energy sources and Europe‟s worst case of 
NIMBY. It depends highly on energy imports and is the major importer 
of electricity in Europe. Until recently oil and natural gas dominated its 

                                                
29

 Quarterly Report on European Electricity Markets, Vol. 2, Issue 2: April 2009–June 
2009, European Commission, DG Energy & Transport. 
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electricity generation sources. Natural gas and renewable energy 
sources (hydro and more recently wind energy) are gradually 
replacing oil in electricity generation. Italy has one of the largest hydro 
resources in Europe and hydroelectric energy plays the most 
dominant role in contributing to Italy‟s overall renewable percentage. 
However, most of the hydraulic resources have already been 
exploited. 

Table 2.4.1: Electricity generation mix in Italy (GWh) – share of 
electricity generation source in total gross electricity production (%) 

 1997 
Share 

(%) 2001 
Share 

(%) 2005 
Share 

(%) 2008 
Share 

(%) 

Wind 
118 

 
0.05 1179 

 
0.4 2344 

 
0.8 4861 

 
1.5 

Oil 
113312 

 
45 75008 

 
26.9 47124 

 
15.5 31459 

 
9.9 

Gas 
61293 

 
24.4 95906 

 
34.4 149259 

 
49.1 172697 

 
54.1 

Nuclear 
0 

 
0 0 

 
0 0 

 
0 0 

 
0 

Hydro 
46552 

 
18.5 53926 

 
19.3 42927 

 
14.1 47227 

 
14.8 

Coal 
20384 

 
8.1 31727 

 
11.4 43606 

 
14.4 43073 

 
13.5 

Total 
251447 

 
278990 

 
303699 

 
319129 

 

Source: Eurostat 

 

Figure 2.4.1 

 
Source: Eurostat 

 

Table 2.4.2: Italy electricity imports and exports (GWh) 

 1997 2001 2005 2008 

Imports 39827 48927 50264 43433 

Exports 995 549 1109 3398 

Source: Eurostat 
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In the past few years, Italy experienced several black-outs that 
highlighted under-investment in the power sector leading to insuffi-
cient reserve generation capacity and to increased dependence on 
electricity imports. Italy is the world's largest net importer of electricity. 
In 2007, 48.9 TWh were imported, and only 2.6 TWh exported. Based 
on total final consumption of 309.3 TWh in that year, about 15% of 
this is accounted for by net imports – mostly from French nuclear 
power stations. In response to the power crisis, the Italian govern-
ment sought to encourage the building of new power plants and 
invested heavily in the electricity sector. Given its domestic supply 
crunch and to diversify its energy portfolio, Italy is considering 
restarting a nuclear program and intends to have 25% of electricity 
supplied by nuclear power by 2030. (The Chernobyl catastrophe in 
April 1986 prompted Italy to close many of its nuclear power plants.) 
Italy has also decided to push renewable energy sources as a way to 
increase its generating capacity and to reduce its reliance on oil-fired 
plants. 

Between 1997 and 2008, total electricity production increased 
by 24%. Wind-power capacities experienced a substantial leap, rising 
from 118 MW to 4,861 MW. However, the share of renewable 
sources (wind power and hydro) in electricity production decreased 
from 18.5% to 16.3% over the same period, even though 2008 had 
been a good year for hydroelectricity availability. The share of wind 
power in electricity production was 1.5% in 2008. The growth of 
electricity demand has been essentially met by fossil-fuel capacity; 
gas is now by far the most used fuel (see Fig. 2.4.2). 

Figure 2.4.2: Total gross electricity production (GWh) versus renewable 
sources in electricity production (GWh) 1997–2008 

  
Source: www.gse.it; Statistical data on renewable energy sources in Italy – 2008 

 
Despite favorable weather conditions, output of electricity 

produced by wind compared to installed capacity is one of the lowest 
in the EU-27. One of the main reasons is the inadequacy of the grid 
infrastructure. The grid is incapable of dispatching all the power pro-
duced by the wind farms and wind-power production has to be curtai-
led frequently in order to manage grid congestion. In 2009, some 
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wind farms operated at about two-thirds of their normal capacity over 
the course of the year due to inadequate grids. In some cases, wind 
farms were limited by over 70%; in others, some wind farms were 
shut down completely.30   

Table 2.4.3: Ratio of wind power output/wind power capacity 2000–2009 

ITALY 2001 2002 2003 2004 2005 2006 2007 2008 2009 

Total capacity installed (MW) 
697.0 788.0 904.3 1131.5 1718.3 2123.4 2726.1 3736.5 4850.0 

Total gross electricity production 
(TWh) 

1.2 1.4 1.5 1.8 2.3 3.0 4.0 4.9 6.1 

Ratio
31

 (%) 
19.3 20.3 18.4 18.6 15.6 16.0 16.9 14.9 14.3 

Ratio bis
32

 (%) 
  21.6 19.7 20.7 18.8 17.7 19.0 17.2 16.2 

Source: Eurostat, EurObserv'ER 

 
Also, the fact that wind capacities are mainly concentrated in 

Southern Italy (because of very good wind conditions) raises two 
kinds of problems. First, Northern Italy is more industrialized and 
therefore electricity needs are higher than in the South. Secondly, the 
electrical network is weaker in the South. Integration of wind-power 
plants in this area poses problems of transmission and distribution, 
and requires the development of transmission capacities. Occurren-
ces of production surpassing demand increase with more curtailment 
of wind turbines. 

As in other countries, the global financial crisis has affected 
Italy‟s wind-energy sector, and tightened project finance. Consequen-
tly, slower project funding is expected to continue. The Italian govern-
ment has been very generous with wind developers (see panel 
below). In 2007, for example, wind energy was remunerated on 
average at €145.8/MWh, well above the market price of electricity 
(the peak price in the wholesale market in 2007 was slightly above 
€90/MWh). In 2002, Italy implemented a tradable green certificate 
market but, due to a large number of exemptions, the market has 
been characterized by oversupply of certificates. Gestore dei Servizi 
Elettrici (GSE), the organization in charge of the RES support 
scheme, was then charged with buying back the excess green 
certificates. In May 2010, while the Italian government was discussing 
the status of the budget deficit in a difficult economic context, this 
measure – a heavy burden on the Italian budget – was canceled. In 
July 2010, however, the Italian government bowed to pressure from 
the green energy industry and reinstated it.  

This strong support for wind power in Italy seems ques-
tionable, especially in light of the results. Aside from the geographic 

                                                
30

 http://www.gwec.net/index.php?id=130 
31

 Ratio = Electricity during a given year divided by total capacity for the same year. 
32

 Ratio bis = Electricity produced during a given year divided by the average 
installed capacity over the year. 
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imbalance of wind capacities and the fragility of the electrical network, 
other factors endanger the sustainability of this scheme. Opportunistic 
compensation led the Mafia to get involved in a scheme to collect 
public subsidies for wind power by building fake wind farms. Also, 
according to the GSE, 10% of wind turbines produce no electricity33 
and the share of plants with the highest utilization (over 1,800 
utilization hours) has kept decreasing since 2004. If this trend 
continues, it is not good news for future capacity factors. 

Italy has ambitions to increase wind capacity to 16,200 MW by 
2020. However, at times of high budget deficits, the withdrawal of 
renewable energy support mechanisms looks attractive. Uncertainty 
about the future of Italy‟s environmental policies might transform a 
sector that was highly profitable into a sector at risk. 

Promoting wind power in Italy – the use of subsidies 

Support for renewable energy sources is based on a quota system 

complemented by green certificates. Electricity generated by wind has 

priority access to the grid, which guarantees a market to wind 

developers. 

A support mechanism for renewable energy sources based on green 

tradable Renewable Energy Certificates (RECs) was introduced in 

2002 and complements the quota system implemented since 1999. 

Power producers and importers must produce a certain percentage of 

electricity from renewable sources (5.3% in 2009, 6.05% in 2010 and 

6.8% in 2011
34

). Each MWh of electricity produced gives the right to a 

green certificate. Power producers can also trade green certificates in 

order to fill their quota obligations. 

Wind-power producers sell their output to the wholesale market 

(through a power producer which must produce a share of its electricity 

from renewable energy sources). They will receive the wholesale 

electricity price plus the trading price of the REC.  

To help support green certificate prices (the market was characterized 

by an oversupply of certificates), in 2008 the government authorized
35

  

Gestore dei Servizi Elettrici (GSE), the organization in charge of the 

RES support scheme, to buy back the green certificates in March each 

year, offering an alternative for wind producers. These can sell their 

output directly to GSE. In this case, they will receive the wholesale 

electricity price plus a premium price set by GSE corresponding to the 

                                                

33
 www.gse.it; Statistical data on renewable energy sources in Italy – 2008. 

34
 http://www.gwec.net/index.php?id=130 

35
 The buy-back of green certificates was canceled in May 2010 but reinstalled in July 

2010 after pressure from wind developers. 

http://www.gse.it/
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REC (the premium price is calculated by the difference between 

€180/MWh and the annual average price of electricity).
36

  

The average value of the REC trading price was about €75/MWh in 2008. 

Since 2008, wind plants up to 200 kW can choose a guaranteed price 

(feed-in tariff) as an alternative to the renewable portfolio system. The 

guaranteed price is €300/MWh. 

Italian wholesale prices are traditionally among the highest in Europe. 

Wholesale prices amounted on average to €95/MWh in the third 

quarter of 2008.
37

  

(See also Annex) 

Source: www.gse.it 

Wind Power in Poland 

Since coal resources are extensive in Poland, electricity generation is 
based almost exclusively on coal. Even though Poland has been 
increasing the share of other energy sources (oil, gas and renewable 
energy), the share of coal in electricity generation was 93% in 1997 
and 90% in 2008, resulting in high GHG emissions. Electricity 
generated by hydro decreased over recent years and now represents 
less than 3% of the total electricity generation mix. 

Table 2.5.1: Electricity generation mix in Poland (GWh) – share of 
electricity generation source in total gross electricity production (%) 

 1997 
Share 

(%) 2001 
Share 

(%) 2005 
Share 

(%) 2008 
Share 

(%) 

Wind 
2 

 
0.001 14 

 
0.01 135 

 
0.08 837 

 
0.54 

Oil 
1901 

 
1.3 2398 

 
1.6 2385 

 
1.5 2323 

 
1.5 

Gas 
215 

 
0.2 1358 

 
0.9 3570 

 
2.3 3166 

 
2 

Nuclear 
0 

 
0 0 

 
0 0 

 
0 

 

Hydro 
3816 

 
2.7 4220 

 
2.9 3778 

 
2.4 2747 

 
1.8 

Coal 
79777 

 
55.9 80367 

 
55.2 84772 

 
54 83914 

 
53.7 

Total 
142790 

 
145616 

 
156936 

 
156177 

 

Source: Eurostat 
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 Technical issues for wind energy integration in power systems: Projections in Italy. A. 
Pantaleo, A. Pellerano, M. Trovato. Wind Engineering, Vol. 27, n°6, 2003, p473-493. 
37

 Quarterly Report on European Electricity Markets, Vol. 1, Issue 2: July 2008–
September 2008, European Commission, DG Energy & Transport. 
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Figure 2.5.1 

 

Source: IEA 

 

Table 2.5.2: Poland electricity imports and exports (GWh) 

 1997 2001 2005 2008 

Imports 5357 4306 5002 8480 

Exports 7542 11035 16188 9703 

Source: Eurostat 

 
Poland faces a difficult situation since much of the total 

installed coal capacity is old even as power demand is expected to 
increase in response to Poland‟s strong economic growth. Poland will 
be facing a shortage of production capacity in a few years if invest-
ment in new capacity is not made. Environmental constraints will 
probably push Poland to introduce more gas in its electricity gene-
ration mix to replace some of the old coal power plants. It intends to 
diversify its energy mix and to introduce low-emitting energy sources, 
in particular renewables, to comply with the European renewables 
directive. Biomass is preferred by Polish policymakers but wind-
power projects are also important. The Polish government also aims 
to introduce nuclear power, with a first plant commissioned for 2021. 

The Polish transmission system is part of the UCTE 
synchronous zone and is linked with neighboring countries. Intercon-
nection capacities consist of an HVDC line with the Nordic area 
(Sweden) and links with Germany, the Czech Republic and Slovakia. 
Poland also has connections with Ukraine and Belarus. Transmission 
capacities might need to play a bigger role should wind-power 
expansion increase significantly and since Poland‟s electricity gene-
ration mix is relatively inflexible.  
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Grid infrastructure will be an issue for wind. Most wind farms 
are planned for the northern part of Poland, especially offshore, 
where the network is poorly developed. Connection of all planned 
wind projects to the grid requires the modernization of the grid. But 
quick development of the network would be difficult because of the 
financial burden that it would impose on the distribution utilities. 

Poland’s ambition is to attain a 19.4% share of electric energy 
from RES by 2020, in gross electricity consumption. The 2010 target is 
7.5%. According to the draft National Renewable Energy Action plan 
(NREAP), which outlines the Polish targets to comply with the European 
Climate and Energy package, the share of wind power in total electricity 
consumption will amount to 8.6% in 2020 compared with 0.7% in 2009. 
Poland will need to install more than 1,000 MW on average annually to 
reach the desired 12,500 MW in 2020. Capacity utilization rates are 
pretty good in Poland, about 25%, even though the Polish Wind Energy 
Association (PWEA)38 estimates that the most-up-to-date technology 
does not apply for about half the wind capacity – accounted for by either 
small, ineffective wind turbines imported from abroad at low prices or 
wind farms decommissioned by neighboring countries. 

Table 2.5.3: Ratio of wind power output/wind power capacity 2000–2009 

POLAND 2003 2004 2005 2006 2007 2008 2009 

Total capacity installed (MW) 
61.2 68.1 72.0 152.6 262.0 451.1 705.3 

Total gross electricity production 
(TWh) 

0.1 0.1 0.1 0.3 0.5 0.8 1.3 

Ratio
39

 
23.1 20.1 21.4 19.2 23.3 21.1 20.2 

Ratio bis
40

 
  21.2 22.0 26.1 29.5 26.7 24.7 

Source: Eurostat, EurObserv'ER 

 
According to the European Wind Energy Association (EWEA), 

the Polish grid could accommodate up to 2,500 MW of wind power 
with reinforcements in the distribution grids. Increasing wind penetra-
tion above 4,000 MW could lead to overloads that could only be 
managed through greater interconnection capacities, pumped storage 
power stations (900 MW) located in northern Poland or the appli-
cation of wind-power curtailment schemes. 

Under the Kyoto protocol, Poland is eligible for Joint Initiative 
(JI) projects. This market tool allows industrialized countries to deve-
lop green projects in countries such as Russia, Ukraine and Poland 
(economies in transition, according to the United Nations Framework 
Convention on Climate Change definition) in exchange for emission 

                                                
38

 Opinion of the Polish Wind Energy Association concerning the draft National 
Renewable Energy Action Plan (NREAP), version May 25, 2010. 
39

 Ratio = Electricity during a given year divided by total capacity for the same year. 
40

 Ratio bis = Electricity produced during a given year divided by the average 
installed capacity over the year. 
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reduction units. These reduction units are used by industrialized 
countries to help them to achieve their individual targets under the 
Kyoto protocol. Poland has great potential here since, because of the 
restructuring of eastern European economies in the 1990s, it is 
expected to have emission levels below the cap defined by the 
reference base year 1990. It remains to be seen how this mechanism 
will affect wind-power development in Poland, and beyond that, the 
greening of the Polish energy mix. 

Even though potential for wind-power development in Poland 
is huge and could be highly attractive to foreign, especially European, 
investors, Poland faces many challenges. In particular, without a 
program to build and reinforce power grids, expansion of wind-power 
capacities will be limited and the targets set by the Polish government 
difficult to achieve. 

Promoting wind power in Poland – the use of subsidies 

Support for renewable energy sources (RES) is based on a quota 

system complemented by a green certificates tradable market. Polish 

electricity suppliers are obliged to provide a minimum share of 

electricity from RES (10.4% from 2010 to 2012, increasing 

progressively to 12.9% in 2017) for which they will receive a corres-

ponding amount of green certificates. 

As an alternative to buying the certificates, companies may chose to 

pay a substitution fee. If none of these obligations is fulfilled, 

companies will have to pay a penalty. The European Commission 

observed in a 2007 report that failure to comply has not been 

sanctioned. 

Wind-power producers can sell their output on the market or offer it to 

electricity suppliers obliged to fulfill their quotas obligation, at last 

year‟s market price. They will receive in addition the price for the 

amount of corresponding green certificates. 

In June 2009, the price for a green certificate was €57/MWh. In 

October 2009
41

 Polish wholesale electricity prices on the European 

Energy Exchange reached around €42.3 per MWh for base-load 

demand and €45.8 per MWh during peak demand periods, the highest 

value since January. It is expected that new instruments supporting the 

development of RES will be adopted in the near future. 

(See also Annex) 

Source: Legal sources on renewable energy, Federal Ministry for the Environment, 
Nature Conservation and Nuclear Safety, Germany 
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 Quarterly Report on European Electricity Markets, Vol. 2, Issue 4: October 2009–
December 2009, European Commission, DG  Energy & Transport. 
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Wind Power in Spain 

Spain has substantially transformed its energy mix over recent years 
due to the phasing-out of nuclear power in favor of renewable energy 
sources decided by the government in 1983. In 1997, Spain relied 
mainly on nuclear, coal and hydro to provide the core of its electricity 
production. About half of Spain‟s electricity production was then 
supplied by low-CO2-emitting technology (nuclear, hydro and wind). 
In 2008, gas became the first source of electricity production (39%), 
followed by nuclear (19%), coal (15%) and wind (10%). The overall 
share of low-CO2-emitting technology amounted to 37%.  

Table 2.6.1: Electricity generation mix in Spain (GWh) – share of 
electricity generation source in total gross electricity production (%) 

 1997 
Share 

(%) 2001 
Share 

(%) 2005 
Share 

(%) 2008 
Share 

(%) 

Wind 
716 

 
0.4 6966 

 
2.9 21219 

 
7.2 32203 

 
10.3 

Oil 
14103 

 
7.4 24596 

 
10.3 24420 

 
8.3 18002 

 
5.7 

Gas 
18174 

 
9.6 23272 

 
9.8 79011 

 
26.9 121561 

 
38.7 

Nuclear 
55298 

 
29.1 63708 

 
26.8 57539 

 
19.6 58973 

 
18.8 

Hydro 
36002 

 
18.9 43858 

 
18.4 23023 

 
7.8 26112 

 
8.3 

Coal 
57307 

 
30.1 64006 

 
26.9 74284 

 
25.3 48714 

 
15.5 

Total 
190250 

 
238002 

 
294040 

 
313746 

 

Source: Eurostat 

Figure 2.6.1 

 
Source: Eurostat 
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Table 2.6.2: Spain electricity imports and exports (GWh) 

 1997 2001 2005 2008 

Imports 4597 10177 10212 5881 

Exports 7670 6727 11555 16920 

Source: Eurostat 

 
Due to strong economic growth, electricity production 

increased by 123 TWh (+65%) between 1997 and 2008. Electricity 
produced from wind power in 2009 covered a fifth of the increased 
production over this period; gas covered the remainder. Therefore, 
CO2 emissions have increased by 54% compared to the 1990 level, 
well above Spain‟s Kyoto target which allowed it to increase its 
emissions by a mere 15%. 

In 2009, for the first time in the annual calculation, wind has 
overtaken coal, providing 14.3% of electricity production. Spain is 
now the world‟s fourth biggest producer of wind power after the US, 
Germany and China. It had an installed capacity of 19,150 MW at the 
end of 2009. Spain added the most new wind in 2009 in the European 
Union, with an increase of 2,400 MW compared to 2008. Wind power 
represented 95% of new electricity generation capacity installed in 
2009. Spain‟s utilization rates for wind are among the best in Europe, 
at over 23%. 

Table 2.6.3: Ratio of wind power output/wind power capacity 2000–2009 

Source: Eurostat, EurObserv'ER 

 
Spain, like the UK, is a virtual electrical island. Intercon-

nections with other countries are too weak to allow it to regulate wind 
intermittency through exports to its neighbors. The EU recommends a 
minimum interconnection capacity of 10% between neighboring 
countries, but current cross-border power lines with France (600 MW 
from Spain to France) can provide just 4% of Spain's installed 
capacity. This makes the Spanish electrical system one of the most 
isolated in Europe. Moreover, the link from France to Spain is often 
saturated. A new power line to be built across the eastern Pyrenees 
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 Ratio = Electricity during a given year divided by total capacity for the same year 
43

 Ratio bis = Electricity produced during a given year divided by the average 
installed capacity over the year 

SPAIN 2001 2002 2003 2004 2005 2006 2007 2008 2009 

Total  capacity installed (MW) 
3397.0 4891.0 5945.0 8317.0 10027.9 11630.2 15151.3 16740.3 19148.8 

Total gross electricity production 
(Twh) 

6.8 9.3 12.1 15.9 20.7 22.9 27.6 32.2 36.2 

Ratio
42

 
22.7 21.8 23.3 21.8 23.6 22.5 20.8 22.0 21.6 

Ratio bis
43

 
  25.7 25.6 25.5 25.8 24.2 23.5 23.1 23.0 
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will double the present interconnection capacity, from 1,400 to 2,800 
MW, increasing the actual interconnection capacity to 6%. Spain also 
has interconnections with Portugal and Morocco. 

Wind-power penetration in Spain is often cited as an example 
of success. The Spanish electrical operator (REE) regularly announ-
ces new achievements in wind penetration levels. At times, wind 
power is able to supply as much as 40% of electricity demand in 
Spain under the right wind conditions. But when high winds occur 
during off-peak demand, management of the system becomes more 
difficult. For example, on November 2, 2008, wind generators 
provided 7,514 MW of power, or 37.4% of total demand (see Figure 
2.6.2). At the same time, interconnection capacity was close to 
saturation with 3,045 MW. REE was forced to order a cut in output for 
two hours to avoid a potential drop in voltage just as wind power was 
ready to hit a new peak. 

This curtailment was due to the conjunction of high wind, low 
demand and a wind prediction error of about 3,200 MW. Similar cut-
offs are bound to become more acute as the proportion of wind 
generation rises. 

Figure 2.6.2: Electricity demand in Spain on November 2, 2008 
 

Source: https://demanda.ree.es/demandaGeneracionAreasEng.html 

 
Wind capacities in Spain (19 GW) already exceed average off-

peak demand (about 18 GW). To be able to shut down wind turbines 
quickly and to operate the system without compromising its security, 
Spain set up the Centro de Control para el Régimen Especial 
(CECRE), which controls the power output of wind farms within 
determined safety margins. When output has to be curtailed, CECRE 
send signals back to the wind farms, requiring them to trim production 
within 15 minutes if necessary.  

A more traditional role of CECRE consists of raising or lowe-
ring the production from flexible generators (such as gas-fired plants) 
to balance the variable wind output. Indeed, when the wind fails, gas 
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and, to a lesser extent, coal supply the electricity no longer produced 
by wind turbines. Spain must, therefore, keep conventional capacities 
(typically gas-fired power plants) spinning or ready for quick turn-on to 
balance wind-power intermittency. Since Spain‟s electricity consump-
tion has increased greatly over recent years, total conventional 
thermal electricity installed capacity has almost doubled since 1990.44 
Spain is also planning to develop pumped storage capacities, a more 
environmentally friendly energy source. 

The Spanish government has generously subsidized rene-
wable energy – perhaps excessively (see panel below). Feed-in-
tariffs are well above the market price and have helped to compen-
sate wind investments. Prices are guaranteed over the lifetime of the 
investment. Wind-power producers can also deduct a percentage of 
investments from business tax for a period of 10 years. This highly 
favorable compensation system certainly explains the dramatic 
growth of the Spanish wind sector. However, the difference between 
the real costs of electricity production (which include the whole 
system and, in particular, conventional capacities necessary in no-
wind situations) and what consumers pay in the regulated market is 
becoming more and more acute. At a time of budgetary constraint, 
the Spanish administration is considering cutting subsidies since it 
does not want to increase the energy bills of Spanish citizens. 
Consequently, project developments for 2020 have been downscaled: 
the targets for offshore wind power have been reduced from 5,000 
MW to 3,000 MW. Spain is still planning to increase its onshore 
capacity to 35,000 MW by 2020. 

However, as the Spanish government seriously considers 
reviewing power-sector costs in an effort to cut its budget deficit, 
uncertainty about the level of future FITs could hinder wind 
development. Already the financial crisis has put a strain on wind-
power development as credit access became more difficult. Wind-
sector actors are concerned that wind installations could drop 
significantly in the coming years. The Spanish Wind Energy 
Association (AEE) anticipates the installation of only 1,000 MW in 
2010 (compared with 2,400 MW installed in 2009). All things 
considered, short and medium-targets (20,155 MW in 2010 and 
38,000 MW in 2020) might be difficult to achieve. 

The Spanish wind-power success story comes with a heavy 
price that should be put in perspective, given the cost of the nuclear 
phasing-out, both economic and environmental. 

Promoting wind power in Spain – the use of subsidies 

The Spanish electricity distributor has an obligation to buy every 

kilowatt of electricity produced by renewable sources at a defined 

price. Onshore wind-power producers can choose between selling at a 
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regulated tariff (€75/MWh) or a premium added to the market price 

(€30/MWh). Offshore wind-power producers receive a premium of 

€87/MWh in addition to the wholesale electricity market price, up to a 

total amount of €169/MWh. Wind energy systems are eligible until 

installed capacity reaches the market cap of 20,155 MW. Spanish 

wholesale electricity prices were about €40/MWh in the second quarter 

of 2009.
45

  

FITs are paid during the entire period of operation of a system, though 

reduced after 20 years for wind-power plants.  The grid operator bears 

the cost of the FIT. 

(See also Annex) 

Source: Legal sources on renewable energy, Federal Ministry for the Environment, 
Nature Conservation and Nuclear Safety, Germany; http://www.renewable-energy-
sources.com/ 

Wind Power in UK 

Until 2004, the UK was largely self-reliant for energy, producing large 
quantities of oil, gas and coal. This explains the share of coal and gas 
in the electricity generation mix. The availability of natural gas and the 
reorganization of the electricity market in the UK led to a „dash for 
gas‟, already perceptible in the early 1990s. Gas has replaced coal as 
the principal fuel in the electricity generation mix. In 2008, gas 
accounted for 45% of total gross electricity production; coal followed 
with a 32% share. The nuclear share declined from 28% in 1997 to 
13% in 2008 due to problems with old plants. 

Table 2.7.1: Electricity generation mix in UK (GWh) – share of electricity 
generation source in total gross electricity production (%) 

(GWh) 1997 Share 2001 Share 2005 Share 2008 

Wind 
667 

0.2 
965 

0.25 
2904 

0.7 
7097 

Oil 
10669 

3 
5252 

1.3 
5339 

1.3 
6101 

Gas 
110963 

31.6 
141905 

36.9 
152639 

38.3 
176748 

Nuclear 
98146 

28 
90094 

23.4 
81618 

20.5 
52486 

Hydro 
5655 

1.6 
6478 

1.7 
7795 

2 
9257 

Coal 
119717 

34.1 
131461 

34.2 
134638 

33.8 
125316 

Total 
350666 

 
384790 

 
398303 

 
389366 

Source: Eurostat 
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Figure 2.7.1 

 

Source: Eurostat 

 

Table 2.7.2: UK electricity imports and exports (GWh) 

 1997 2001 2005 2008 

Imports 16615 10663 11160 12294 

Exports 41 264 2839 1272 

Source: Eurostat 

 
The inevitable depletion of gas reserves and concerns about  

growing energy dependence have raised the profile of energy issues 
in the UK. Most of the UK‟s ageing nuclear infrastructure will have to 
be decommissioned by 2023, pushing the nuclear-power issue back 
on to the policy agenda. By the end of 2009, 10 sites had been 
approved for new nuclear power stations, most of them at existing 
nuclear sites. The government hopes that some would be able to 
produce energy by as early as 2018. Although the Liberal Democrat 
party opposes nuclear power, the new Conservative/Liberal Democrat 
coalition will put forward the national planning statement for rati-
fication by parliament so that new nuclear construction becomes 
possible. According to the National Grid, the system operator, new or 
replacement nuclear power plants will require extra grid infrastructure. 

A strong focus has also been put on renewable energy 
sources. The share of renewable energy in electricity production is 
low but increased from 1.8% in 1997 (10% wind; 90% hydro) to 4.2% 
in 2008 (43% wind, 57% hydro). In line with the EU Energy and 
Climate package, the UK aims to cover 30% of its electricity demand 
with renewable sources by 2020 (although the 2010 10% target will 
be missed). According to the UK National Renewable Energy Action 
Plan, total offshore capacity will amount to 13 GW by 2020 (to 



M. Jauréguy-Naudin / Wind Power
 

46 
© Ifri 

compare with 1 GW in 2009), and will provide the bulk of the 
increased capacity. Onshore capacities should increase by up to 15 
GW (3 GW in 2009). 

Table 2.7.3: Ratio of wind power output/wind power capacity 2000–2009 

UK 2001 2002 2003 2004 2005 2006 2007 2008 2009 

Total capacity installed (MW) 
474.0 552.0 649.3 933.2 1565.0 1961.4 2477.0 3406.2 4050.9 

Total gross electricity production 
(TWh) 

1.0 1.3 1.3 1.9 2.9 4.2 5.3 7.1 9.3 

Ratio
46

 
23.2 26.0 22.6 23.7 21.2 24.6 24.3 23.8 26.1 

Ratio bis
47

 
  27.9 24.4 27.9 26.5 27.4 27.1 27.5 28.3 

Source: Eurostat, EurObserv'ER 

 
The UK is blessed with very good wind locations and is 

calculated to have over a third of Europe‟s total offshore wind 
resource. So far the capacity utilization rate for electricity generated 
by wind-power units is one of the highest in Europe, at around 28%. 
This good result can be explained by higher availability factors for 
offshore wind power, which accounts for a quarter of total wind 
capacities in the UK (0.9 GW out of 4 GW of total capacity in 2009). 
Also, the UK is still in the early stages of wind-power development 
(2.5% of total electricity production was generated by wind power in 
2009) and one might assume that the first locations chosen by wind 
developers were also the best. 

Wind penetration is still too low to have had an impact on the 
UK grid such as can be observed in Spain and Germany. But the 
state of the UK electrical network might pose some problems for 
further penetration. The UK is an electrical island and is poorly 
connected to the rest of Europe. It has just two sub-sea power links, 
connecting England to France (2 GW) and Scotland to Northern 
Ireland (0.5 GW). This represents 3% of UK installed capacity, still 
well below the 10% recommended by the European Union. A 1 GW 
high-voltage direct current link is currently under construction 
between Grain, in Kent, and Maasvlakte, near Rotterdam in the 
Netherlands. The UK is also considering developing a link with 
Belgium and a second interconnector linking France to England. 
Exploratory talks have also been undertaken about an interconnector 
with Norway.  

The very ambitious targets for 2020, about 28 GW of total 
wind capacity, are above current off-peak demand and relatively 
close to typical demand. Peak demand in the UK is about 60 GW 
while typical demand amounts to 40 GW. Demand can drop to as low 
as 20 MW. The more that wind-power penetration increases, the 
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more the UK will have to rely on electricity exports or flexible 
electricity generation capacity to avoid wind-power curtailment in 
situations of high wind and low demand.  

Another issue is the ageing grid infrastructure, which needs to 
be upgraded and will require substantial investment. Bottlenecks limit 
the total power that can be transmitted inside the UK (flow from 
Scotland to England is limited to 2.2 GW). Strong development of 
wind power on either side of these bottlenecks might be difficult for 
the grid operators to manage.48 

The expansion of offshore wind power depends on building 
the infrastructure required to bring power to the grid. Delays in 
achieving all the connections needed, to ensure a grid able to absorb 
large quantities of wind power, might impede the connections of wind-
power farms and make the electrical system difficult to manage. All 
these developments will have a cost that will be eventually passed on 
to the consumer. Also, local public opposition is not to be neglected 
since it usually takes 10 years to build a new power line: often eight 
years of negotiations and compromises leading to two years of 
building work, at a cost that is often underestimated. 

Since many questions remain about the commercial potential 
of offshore technologies, promoting offshore wind power over other 
technologies – such as marine or tidal stream systems – might prove 
costly over the long term. However, given the high level of subsidies 
applied to ensure that wind-power expansion reaches the 28 GW that 
is targeted, the UK seems to be willing to bet on offshore wind. 
Whether this choice will lead to an environmental or industrial 
success remains to be seen – let‟s hope for both. 

Promoting wind power – the use of subsidies 

General systems 

The support scheme for renewable energy in the UK is based on a 

quota obligation (portfolio standard) and a tradable certificate system. 

British electricity suppliers are obliged to provide a proportion (quota) 

of their sales generated from renewable sources or pay a penalty fee. 

They receive in exchange a corresponding amount of Renewables 

Obligation Certificates (ROCs). The quota of electricity to be generated 

from renewables increases every year – rising from 9.7% in 2009-2010 

to 15.4% in 2016. 

Suppliers may satisfy their quota obligation in opting for a buy-out price 

to the regulatory authority. The buy-out price is about €45/MWh for 

2009-2010. 

Wind-power producers receive the wholesale market price in addition 

to the price for the corresponding amount of ROCs. The amount of 
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ROCs per MWh generated by wind systems depends on their capacity 

and type. For example, onshore wind-power above 50 kW yields 1 

ROC per kWh, and offshore wind power generates 2 ROCs per kWh. 

The average price of ROCs in 2009 was €62/MWh. The monthly 

average price level was €54-56/MWh during the second quarter of 

2009.
49

 

Small-scale systems 

Since April 2010, FIT systems have been established to encourage 

deployment of additional low-carbon electricity generation, particularly 

by organizations, businesses, communities and individuals not 

traditionally engaged in the electricity market. They are dedicated to 

small-scale (less than 5 MW), low-carbon electricity generation. These 

feed-in tariffs work alongside the Renewables Obligation (RO), which 

remains the primary mechanism to incentivize deployment of large-

scale renewable electricity generation. 

Electricity generated from renewable sources is eligible for tax 

deduction. The cost arising from the quota obligation is passed on to 

the final consumers. 

(See also Annex) 

Source: Legal sources on renewable energy, Federal Ministry for the Environment, 
Nature Conservation and Nuclear Safety, Germany; http://www.renewable-energy-
sources.com/; http://www.ofgem.gov.uk/ 

A Short Assessment 

As we have seen, wind-power penetration has to be seen in the light 
of the mixes of power generation resources in different countries, 
which depend on their resources, on energy policies (past and 
current), and on the structure of electricity demand.  

The case of Denmark is special and is linked to its situation 
inside the Nordel area. However, further expansion of wind power in 
the Nordic area will have to take into account hydro capacities in 
Norway and Sweden. Even in this very favorable case, Denmark has 
to maintain a significant park of thermal capacities to absorb wind 
variations when hydro is low, especially during dry years. Further-
more, the impact in terms of GHG emissions reduction has been 
limited so far. 

In some countries, such as France and Germany, a strong core 
of base-load demand is provided by, respectively, nuclear power plants 
and coal-fired power plants. For technical and economic reasons, these 
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plants are difficult to shut down rapidly and usually operate at full 
capacity. Expanding the share of renewable energy sources might 
therefore be limited if increasing use of interconnection capacity and/or 
development of flexible capacity fails to match wind-power expansion. 

The increase in the proportion of wind power in Spain has 
created power quality problems. This has led Spain to improve 
interconnections within the Iberian Peninsula, to develop pump storage 
capacities and to manage wind-power farms very closely (including 
curtailing of wind-power output when necessary). Renewable-energy 
producers face a period of uncertainty since, with the soaring budget 
deficit, the level of support to promote wind and solar power is not 
sustainable. For similar reasons, the Italian wind sector is also at risk. 

Overall, the variability of wind-power generation can be dealt 
with by interconnection capacities to a certain extent, while the avai-
lability of sufficient thermal power plant capacity is maintained. If the 
network is not upgraded in time, this could jeopardize the benefit 
expected in GHG emission reduction. The following table summarizes 
the main indicators useful for giving an overview of wind-power 
expansion so far with regard to the 3x20 European targets. 

Table 2.8.1: Comparative assessment 

 2008 share 
of wind in 
electricity 

production 
(%) 

2008 share 
of RES in 
electricity 

production 
(%) 

2020 
target for 
share of 

RES in 
electricity 

production 
(%) 

Price paid 
for 1 MWh 
produced 

by  
onshore 

wind 
energy 

producers* 

Price paid 
for 1 MWh 
produced 

by  
offshore 

wind 
energy 

producers* 

Wholesale 
market 

electricity 
price* 

Rank of 
CO2 

emissions 
per 

capita50 

(1990) 

Rank of 
CO2 

emissions 
per 

capita51 

(2007) 

Denmark 19 26.3 51.9 72€ 99€ 38€ 10 8 

France 1 13.3 27 82€ 130€ 40€ 21 21 

Germany 6.4 15.1 38.6 91€ 130€ 40€ 5 11 

Italy 1.5 13.7 26.4 170€ 207€ 95€ 23 18 

Poland 0.54 4.1 19.4 92€ - 46€ 16 14 

Spain 10.3 20.2 36 75€ 130€ 40€ 26 17 

UK 1.8 5.4 30 130€ 150€ 56€ 11 13 

 
*These values, based on data collected for this paper, are indicative only. Wholesale 
market electricity prices fluctuate over the year, as do the FITs indexed on the 
electricity market. 

 
The main observations arising so far feed into the next part of 

this study. There we will discuss the motivations for supporting wind-
power development. The rationale for such support seems to belong 
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more to national industrial strategies than to the pursuit of a common 
environmental purpose. We also discuss how support as currently 
implemented risks diverting the European Union from its main goal in 
this area – the fight against climate change. 
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Reconciling (misguided?) 
national and industrial visions 
with an (unrealistic?) European 
environmental objective 

Wind Power: 
Industrial or Environmental Policy? 

EU, home of global leaders in onshore wind… 
for how long? 
National policies have encouraged the rise of major domestic wind-
turbine manufacturers in the countries at the forefront of wind-power 
development – in particular Denmark and Germany.  

Vestas, the global leader in wind energy, is an illustration of 
such successful industrial policy. However, Vestas had a cumulative 
world market share of 12.5% in 2009, down from 20.3% in 2007. The 
Danish company is losing market share year after year as competition 
becomes fiercer. The year 2009 was a difficult and strategic year for 
Vestas. To stay profitable, the company decided to relocate part of its 
manufacturing to the US and China.52 It also laid off 1,150 Danish 
workers while 425 jobs were lost in the UK. Vestas is increasingly 
focused on the European market : 60% of Vestas turbines have been 
delivered in Europe in 2009, 18% in the US and 5% in China.53 

With three companies among the top 10 world suppliers and 
the largest wind-power installed capacity in Europe, Germany is the 
uncontested leader of the wind-power market. However, German 
companies face the same decrease in market share as their Danish 
counterparts. Enercon, Siemens and REpower accounted for 8.5%, 
5.9% and 3.4%, respectively, of the global market in 2009 compared 
to 15.4%, 7.3% and 3.2% in 2007. Nordex, another German supplier, 
dropped off the top 10 chart. The market share of Enercon on the 
German market was 60.4% in 2009. It installed 20 GW worldwide of 
wind-power capacity, half of this in Germany. Suzlon, the Indian 
manufacturer, now holds a 91% stake in REpower.  
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Although a relative latecomer, Spain has been able to develop 
a domestic wind industry thanks to aggressive FITs. These explain 
the dramatic growth of the Spanish wind sector. Gamesa had a 
cumulative market share of 6.7% in 2009 compared with 14% in 
2008. According to its website, Gamesa is one of the leading 
suppliers of wind-power turbines in three of the 10 main markets in 
the world and has manufacturing facilities in the US, Europe and 
Asia. Spanish strategy succeeded in fostering an environment 
attractive to foreign companies that develop their technology in Spain, 
and also in developing national champions which are not only leaders 
in the domestic market but also present in the main foreign markets. 

France has no leading domestic wind companies. Vernet, the 
only wind-turbine manufacturer, holds just under 10% of the French 
market share.54 Nevertheless, the wind-power sector accounted for 
18,250 jobs in France in 2009, most of them in the installation and 
distribution sector. 

Prospects for onshore wind-power market 
The European Union was the leader of the wind-power market for a 
long time but has now been surpassed by the Asian and US markets, 
which hold the highest potential for further growth. The EU, North 
America and Asia accounted for 27.3%, 29.4% and 39.5%, 
respectively, of the global market in 2009. 

Table 3.1.1: Top ten suppliers in 2009 

Country Company Market 
share in 

2009 

Country Company Market 
share in 

2009 

Denmark Vestas 12.5 Spain Gamesa 6.7 

US GE 12.4 China Dongfang 6.5 

China Sinovel 9.2 India Suzlon 6.4 

Germany Enercon 8.5 Germany Siemens 5.9 

China Goldwind 7.2 Germany REpower 3.4 

Source: BTM Consult 

 
With 25 GW of total wind-power capacity installed in 2009, 

China is now the third wind-power force behind Germany (26 GW) 
and the US (35 GW). The growth of the wind sector in China is driven 
by several factors, including increasing awareness of climate change, 
concerns about air pollution, a desire to develop domestic energy 
sources in order to depend less on foreign imports and, last but not 
least, the economic and social potential offered by this sector. In 
2002, China had only a handful of wind-turbine manufacturers. They 
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totaled around one hundred in 2008. Over the past few years China 
has sought to consolidate the wind-power sector to allow the 
emergence of big national champions that will be competitive on the 
global market.55 Goldwind, then the leading Chinese wind-turbine 
manufacturer, entered the top 10 suppliers list for the first time in 
2006. In 2009, three Chinese suppliers outstripped the Indian Suzlon 
which had for a few years been the developing-country leader in this 
area. These Chinese suppliers now rank among the top 10 turbine 
makers worldwide and challenge the dominance of European 
companies (see Table 3.1.1).  

The Chinese market is attractive for European companies. But 
the time when European companies dominated China‟s wind-power 
equipment market is over. In 2007, Chinese companies accounted for 
51% of the domestic market, compared to 41% the year before.56 
Technologies developed in China and Asia are becoming increasingly 
competitive and efficient. Leading European companies now face 
major competitors with less expensive labor and materials. Vestas is 
among the biggest cumulative suppliers of onshore wind turbines in 
China but, as Chinese companies continue to grow, its share is 
expected to decrease in China and beyond. The arrival of Asian 
players among the top 10 wind-power suppliers diminishes the 
incentives for European latecomers in the onshore wind-power 
market.  

Wind power, a booster for green jobs 
Beyond its obvious low-carbon characteristics, job creation is one of 
the explicit goals put forward by the European Energy and Climate 
package. The same argument backs up every national renewable 
support scheme in European member states and is also at the core of 
the US green stimulus package. And, in truth, investment in new RES 
does create new green jobs. However, to assess the overall 
economic benefits for society, it is important to keep in mind that: 

 Resources allocated to spur job creation in one 
sector are obtained to the detriment of other economic 
sectors.  

 Green stimulus packages will lead to higher 
energy prices, threatening the competitiveness of 
electricity-intensive companies that could chose to 
delocalize their production or, in extreme cases, could 
go bankrupt.  
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 The amount of capital locked in for a chosen 
technology could have been allocated to others that 
could prove in the near future to be more efficient.  

These are relatively short-term implications. Another important 
factor is the impact of green policies on GHG emission reductions, 
since failure to fight climate change now will have severe environ-
mental and economic consequences in the future. Success in green 
job creation should be balanced by its overall economic cost, its net 
employment effect and the mitigation results it yields. 

Even though les publicized than wind or solar power, solid 
biomass is the leading renewable sector and the main employer for 
green jobs in EU-27.57 Wind power has grown in importance in recent 
years and is characterized by high-skill job creation. Green jobs are 
spread across a large number of sources in Germany while about 
80% of Spanish jobs relevant to the green sector are concentrated in 
the wind and photovoltaic sectors (see Table 3.1.2). Denmark made a 
clear choice to develop the wind sector; about 85% of green jobs 
have been created in this sector. In the UK, the green sector is still 
little developed. 

Table 3.1.2: Distribution of employment in renewable sectors (2008) 

 
Wind 

(%) 
Biomass 

(%) 
Photovoltaic 

(%) 
Biofuels 

(%) 
Solar 

Thermal 
(%) 

Geothermal 
(%) 

Biogas 
(%) 

Small 
hydro 

(%) 

Total 
employment 

in RES 
sector 

Denmark 85 10 <1 <1 1 <1 2 - 33375 

France 14 47 7 12 6 11 1 2 128540 

Germany 32 21 21 9 7 3 5 <1 266300 

Italy 19 17 20 7 12 4 9 12 28400 

Poland 8 57 <1 20 6 <1 2 6 20720 

Spain 42 13 36 1 4 <1 2 2 86000 

UK 37.5 21 <1 23 8   10 12000 

Source: EurObserv’ER 2009 

 
As for the turnover of these activities, the wind sector yields 

the most turnover in Denmark, followed by Germany and Spain. This 
is no surprise since they host the leading European wind-turbine 
companies. France ranks third in terms of turnover generated by 
renewable energy sectors; the turnover of the wind and biomass 
sectors are similar, but the latter accounts for about half of total green 
jobs and the French wind sector for 14%. In Spain, there is a huge 
discrepancy between the turnover yielded by the wind and 
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photovoltaic sectors and the share of green jobs. While 42% of 
Spanish green jobs belong to the wind sector, it generates only 15% 
of total turnover. 

Table 3.1.3: 2008 turnovers per sector (€millions) 

 
Wind 

(%) 
Biomass 

(%) 
Photovoltaic 

(%) 
Biofuels 

(%) 
Solar 

Thermal 
(%) 

Geothermal 
(%) 

Biogas 
(%) 

Small 
hydro 

(%) 

Total 
turnover 

in RES 
sector 

Denmark 96 3 <1 - <1 <1 <1 - 11895 

France 22 20 7 23 6 15 3 3 12280 

Germany 22 12 36 13 6 7 2 1 26254 

Italy 25 10 30 22 7 - - 8 5735 

Poland 13 61 <1 <1 15 2 <1 6 652 

Spain 15 6 75 2 2 <1 - <1 21810 

UK 71 14 1 - 6 - - 7 2105 

Source: EurObserv’ER 2009 

Offshore wind power: a promising future 
The main advantage of offshore turbines over onshore ones is that 
wind is more regular at sea, which reduces intermittency issues and 
generates a higher ratio of electricity. The average capacity utilization 
factor for offshore wind in Europe in 2008 was about 40% (see Table 
3.1.4) compared with about 22% for onshore. Offshore wind-power 
technologies look promising but are still at a nascent stage of 
development. Transition toward development on an industrial scale 
seems far away and the costs of installation are still too high. 
Comparison to oil and gas offshore technologies might be relevant, 
but the revenues that can be expected from offshore wind-power 
farms are far inferior to those yielded by oil and gas platforms. Strong 
support, therefore, is necessary to exploit the potential of this 
promising technology and help bring the costs down. 

As Europeans aim to meet ambitious and binding targets, 
some countries are seriously considering offshore wind power to 
increase the amount of RES in their energy. The UK currently leads in 
offshore development, with ambitions to increase offshore capacity to 
13 GW by 2020 (over 0.9 GW in 2009).  
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Table 3.1.4: Offshore wind power in Europe 

 Offshore MW 
installed 2008 

TWh produced 
2008 

2008 capacity 
factor (%) 

Offshore MW 
installed 2009 

Denmark 409 1.4 39 639.15 

Germany 12   42 

UK 591 2.1 41 882.8 

EU 27 1471 5.2 40 2056 

Source: EWEA 

 

Fig. 3.1.1: 2009 Offshore wind turbines  Fig. 3.1.2: 2009 share of  

offshore 

manufacturers, market share (%) installed capacity 

   
 
Source: EWEA 

 
The main players in the onshore wind market are also well 

positioned in the offshore segment. Siemens and Vestas dominate 
the offshore wind market. At the beginning of 2010, GE announced its 
intention to make offshore wind turbines in Europe. Gamesa has 
stated it may produce a 3.5 MW offshore turbine before 2015. 
Offshore wind-power development is part of each company‟s strategy 
to regain market shares in the global wind market, but they will face 
fierce competition as newcomers are entering the market: REpower, 
Areva Wind, BARD, WinWind and Nordex. The China National 
Offshore Oil Corporation (CNOOC) built the first Chinese offshore 
wind farm in 2009. Sinovel, Goldwind and Dongfang have also started 
developing offshore turbines. 

An industrial success with a price attached 
Clearly, the success of a wind-power manufacturer in its home 
country is a step towards competitive advantage in the global market. 
New entrants will find it difficult to gain a viable market share since 
the market has now globalized and success will depend on the size 
and stability of the global market. The US and Asia hold the main 
potential for further growth. Asian players and recognized leading 
industries are therefore well placed to explore these markets. 
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As for offshore technology, obviously companies already 
positioned on the global wind market have a clear advantage. But 
while the technology is still in its infancy and can benefit from expe-
rience in other sectors such as oil and gas offshore technologies, the 
market remains quite open. In light of the plans announced by the 
UK, let‟s hope that the bet on offshore technology will prove to be a 
successful one. In any case, the targets on offshore development 
announced by the European Union and the European Wind Energy 
Association (EWEA) seem overly ambitious as network infrastructure 
is already falling behind the pace set by wind-power development. 

That being said, if we compare the costs incurred in 
supporting the wind industry with the result in terms of emissions 
reduction, the picture is rather gloomy. The choices made by the most 
advanced European countries in wind-power development have been 
costly and have not yet yielded significant emission reductions. 
Denmark, Spain and Germany are among the largest-emitting 
countries on a per capita basis. Danish and German citizens pay a 
high price for their electricity, while in Spain conventional facilities 
have to cope with the increasing deficit between production costs and 
income. This might be the price that citizens are willing to pay now for 
supporting the development of a green technology – but for how 
long? 

So far, wind-power development has been more about 
industrial than environmental policy. It remains to be seen if offshore 
wind power will change this picture. 

Subsidies and competitiveness 

The role of subsidies 
Any new type of technology needs a comprehensive deployment 
strategy to help reduce barriers to the market. A promising technology 
stemming from RD&D efforts needs a clear and stable support 
mechanism in order to ensure investor security and encourage 
development. The technology will then evolve from an emerging 
status associated with high costs to a maturing status that should be 
characterized by lower costs. Offshore wind-power technology is in 
the early stage of this curve, whereas onshore wind-power techno-
logy belongs to the upper end. Along this curve, support schemes 
such as renewable portfolio standards or feed-in-tariffs should be 
implemented to help guarantee project profitability. 

Periodic reviewing is a critical feature for any successful FIT 
scheme. Fixed FITs over too long a period will undermine the 
emergence of the most efficient and competitive actors. They also 
undermine development and commercialization of more successful 
alternatives. The difficulty is to plan ex ante the gradual phasing-out 
of support schemes: if this is done too early, the emerging market will 
collapse; if too late, the system threatens to be costly and eventually 
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inefficient. Support schemes should be linked to the growing 
penetration of the technology on the market and its cost. However, in 
the case of wind-power energy, the impact on the overall electrical 
system should also be considered in order to make sure that 
additional operating costs do not exceed the added value of wind 
energy. 

Wind-power technology at a threshold 
The fact that Denmark and Germany had to introduce negative 
electricity prices, and that Spain is leaning on curtailment schemes to 
avoid excess wind-power output, indicate that the pace of wind-power 
development is outstripping the ability of the network to absorb 
intermittent power. The ability to project wind-power output is shorter 
than is required for the reinforcement of the electrical network. In 
almost every case study we have reviewed, the transmission system 
is a constraining factor. This issue will be even more acute regarding 
offshore wind-power plants located far from consumption centers and 
where the network is often weak. 

Wholesale electricity prices are highly sensitive to the 
amounts of power in the system bringing more volatility. For other 
suppliers, uncertainty about income undermines investment in con-
ventional thermal power plants. The largest amounts of wind-power 
output will create a difficult economic environment for conventional 
power plants and will also challenge the system operators. Here 
again, a stronger interconnected network will help to balance power 
fluctuations in transmitting wind-power output to areas where there is 
need.  

As regards wind-power energy costs, the up-front capital 
expense makes up the overwhelming part. A total of 40% of the 
turbine cost is determined by the cost of raw materials. Rising prices 
in raw materials led to a 20% increase in turbine cost in 2008. 
Furthermore, costs are not expected to decrease significantly in the 
future. 

The NIMBY  backlash 
The building of wind farms without any consideration of the 
destination for their output led to a multiplication of projects that will 
never be competitive. Their increasing number and visibility have 
turned many people against wind energy. Environmental concerns – 
mainly concerning the very presence of the machines, their noise and 
the threat to migrant birds – are becoming a major challenge to valid 
wind projects because of the arbitrary way wind machines are 
permitted today.58 Nevertheless, public-opinion polls show that people 
generally strongly support the development of wind power as an 
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alternative to fossil fuels – whatever about their attitude if wind 
turbines are planned close to where they live. Where NIMBY attitudes 
arise, they raise the cost of any type of infrastructure, which is often 
underestimated, and slow down project realization. Offshore wind 
projects are now designed to be far enough from shore to have 
minimal visual impact, but this increases the technological difficulties 
and the costs. As previously said, once an interconnection line is 
decided on, it might take ten years to see it realized, and then only 
after many compromises that completely modify the original design 
and greatly raise the costs. 

Time to move on 
These various factors show that more rationalization of wind power 
development and management is needed. They also indicate that 
support schemes need to be planned with more forethought and a 
better assessment of costs and benefits. Subsidy programs enabled 
rapid advances in wind technology, but this technology is now at the 
threshold of maturity. Wind farms need now to be placed carefully so 
the harvest of wind resources can be maximized.  

It should be noted also that conventional electricity increa-
singly pays for the environmental cost of GHG emissions through 
carbon pricing which helps clean technologies to become more 
competitive. Incentives should be phased out in tandem with the 
gradual increase in CO2 prices. 

Unfortunately, once implemented, subsidies are difficult to 
phase out, even gradually, since the wind-power industry is increa-
singly capable of putting governments under great pressure. Poli-
ticians are also happy to back the wind industry as it gives them the 
opportunity to polish their environmental credentials.59 Short-term 
interests threaten to jeopardize the main objective of wind energy, 
which is to promote a new technology and make it competitive for the 
benefit of society. 

The Need for Better Coordination 
of European National Policies 

European energy policies: 
a long way from being European 
At the heart of EU energy policy lie three energy principles: security of 
supply, competitiveness and sustainability. Developing this common 
vision faces two major challenges: member states remain sovereign 
regarding their energy mixes, and these objectives, even though 
strongly interdependent, are developed along separate tracks. The 
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result is a mix of policies at the European and national levels that do 
not address the trade-offs to make or the priorities to decide. This 
leads to counterproductive effects.  

The 3x20 European targets add to the confusion, since they 
pursue separate objectives. Is the overall goal to fight climate 
change? If so, why not settle for a sole target on emission reductions 
and leave countries to decide the way that will put them on a low-
carbon trajectory? Why promote renewable energy sources rather 
than low-carbon-emitting technologies? Why is efficiency the only 
non-binding target? 

RES: a fragmented market 
inside an integrated European energy market 
Renewable energy policies, though driven by common European 
objectives, are designed at the national level, whereas the impact of 
increasing amounts of intermittent energy stretches beyond borders. 
National „visions‟ harbor two main risks. First, state-established price 
systems often heavily subsidize chosen technologies to the detriment 
of others. When subsidies become too detached from real costs, 
governments are forced to make dramatic adjustments, such as can 
be seen at the moment in Spain, putting the burgeoning industry in 
jeopardy. Secondly, the vast amount of capital invested in chosen 
technologies might have been better shared across sectors. Such 
policies neglect, for example, the role of energy efficiency where it 
could lead to large savings in energy use and CO2 emissions 
abatement. The legitimate desire to support a wind industry at the 
national level in order to export leading-edge technology abroad 
should not override the economics and the environmental benefits of 
national energy mixes. Based on their potential and assets, member 
states should look to efficient locations of renewable energy sources 
and seek to better balance these new capacities across the European 
network, in coordination with neighboring countries. 

Strong interconnections between neighboring countries are 
crucial for greater wind-power penetration. An objective on capacity 
production without a strategy to develop these links is bound to fail. 
One side of the equation is addressed at the national level, whereas 
the European objective requires a larger vision that would adequately 
prepare the European network to receive a massive amount of 
energy from wind. Among the consequences of the liberalization of 
European energy markets and of the unbundling of the vertically 
integrated monopolies, capacity investments, dispatching and pricing 
are determined by market forces. The European Commission and 
member states need to define the appropriate framework to 
encourage infrastructural investment so that the cost is carried by all 
participants and to design it in such a way that it is cost-effective at 
both cross-border and national level. They also need to address the 
coherence of support scheme policies among member states, since 
large amounts of wind power in the European network will affect the 
economic merit order. Because national energy mixes greatly vary 



M. Jauréguy-Naudin / Wind Power
 

61 
© Ifri 

across Europe, the electricity trade flows will be modified, generating 
loop flows, national and cross-border congestion (and cross-border 
subsidies) and false price signals. A harmonized policy to support 
RES at the European level, based on green certificates trading, would 
be more likely to reflect the incremental cost of additional renewable 
production and lessen the impact on the consumer price. 

European targets and the time horizon  
On June 30, 2010, member states were supposed to submit their 
National Renewable Energy Action Plan (NREAP), outlining the 
planned development of renewable energy technologies up to 2020, 
as part of the renewable energy directive. Although few countries met 
the deadline, a few draft plans are available (at the time this study is 
being completed). Already, some countries have indicated that they 
won‟t be able to achieve the 2020 target. Denmark and Italy assume 
that they will not meet their 2020 target through domestic actions 
alone. France could count on the Mediterranean Solar Plan (which 
remains to be implemented) to import a certain amount of electricity 
produced from renewable sources. The draft Polish NREAP was 
heavily criticized by Polish energy organizations and local govern-
ments. Prospects for further RES growth are on hold in Spain while it 
struggles to reduce its budget deficit. The UK Secretary of State for 
Energy and Climate Change admitted in July 2010 that the UK is 
likely to miss its 2020 target, while the British NREAP is (overly) 
ambitious. Germany still intends to reach its target; the president of 
the German Federal Environment Agency has even declared that 
Germany could derive all of its electricity from RES by 2050. Leaked 
documents suggest that Germany will increase its onshore wind 
capacity by 30% by 2020 and increase offshore capacities to 10 GW.  

In the light of past results, the amount of investment needed 
for infrastructure to accommodate this wind-power output, and the 
local opposition that will delay infrastructure building, the 2020 
European target on renewables will probably be missed. 

The EU has indicated that it might raise its 2020 emissions 
reduction target to 30% in order to boost the global climate 
negotiations. According to the latest EEA report,60 in absolute terms 
the EU is expected to reduce domestic emissions by 14% below 1990 
levels in 2020. A 30% emission reduction target is achievable only if 
member states rely on an increasing number of offsets i.e reductions 
taking place outside the European Union. There is no way that the 
development of renewable energy sources alone will enable the 
European Union to meet this target. The European Union should now 
consider a more comprehensive approach toward RES development 
and clearly address energy efficiency promises and the potential of 
nuclear power as low-carbon technology at the European level. 
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It seems that all parties agree on the fact that the low-carbon 
economy must be established, but that it will not happen tomorrow. It 
is surely the right time to tackle this challenge with realistic targets 
and adequate means to reach them. 
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Conclusion 

Wind power has a clear and demonstrated role to play in significantly 
lowering the carbon content of electricity. But its ability to play that 
role is being compromised by poorly formulated policies and oppor-
tunistic politics. 

The technical limitations of wind-power development can all 
be resolved – at a cost. Member states seem intent on pursuing wind 
expansion but this is likely to entail significant price tags. The 
uncertainties that utilities face threaten the overall reliability of the 
system because of under-investment in production, transmission and 
distribution capacity. Furthermore, while more expensive renewable 
electricity may be a cost that European citizens are willing to bear, the 
current plans are likely to sorely test that willingness.  

Wind-power development is running into a serious constraint 
since the lack of transmission lines prevents the power generated by 
wind turbines – often far from the network and demand centers – from 
being transported. The building of new transmission lines requires 
consensus among stakeholders in a context where opposition to any 
kind of infrastructure is mounting. Compromises to overcome resis-
tance invariably increase the overall cost and seriously delay the 
project. If member states succeed in deploying wind-power capacity 
consistent with the renewables objectives they have recently set for 
themselves, there will be a major requirement for new ways to move 
electricity generated by onshore and offshore turbines. For the 2020 
renewables target, there is a very short period to put in place the 
necessary transport capacity; on the basis of transport alone, the EU 
will probably miss its target of 20% of energy from renewable 
sources. The EU‟s difficulty in enforcing the “binding” nature of these 
objectives will probably have repercussions for EU energy and 
climate change policy. 

Our case-studies review shows that wind-power 
intermittency can be resolved by more exchange of power across 
Europe through interconnection lines, upholding conventional 
electricity generation, and the development of back-up systems 
that will lessen the burden of weather fluctuations. Any type of 
back-up system comes with a price, whether it involves more gas-
fired plants in case of emergency, or implementing environmental ly 
friendly systems such as pumped storage hydroelectricity. The 
issue of back-up capacity is not to be neglected since it has an 
environmental impact as well as energy security connections. 
Since gas is the preferred fuel to offset intermittent energy source 
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deployment, the question of future European gas demand in a 
global context deserves to be included in any reflection on the 
share of renewable energy in electricity production. 

In the three countries with the most advanced wind-power 
development, the real emissions reductions are disappointing. Wind-
power development appears to be as much motivated by industrial 
policy as by environmental policy. If the EU is serious about fighting 
climate change, it needs to set an example. For that, it needs to 
prioritize its objectives and to put emissions reduction at the top of its 
priorities. Deployment of renewable energy is a key part of the fight 
against climate change, but it needs to be done cautiously so that it 
will effectively generate environment benefits without imposing 
unacceptable costs on society. It must progress in tandem with the 
development of infrastructure that will allow maximum use of wind-
power output and the coordination of support schemes across 
Europe. 

So far, wind-power deployment has not been driven primarily 
by maximizing marketable green kilowatt hours at even the national 
level – let alone the European level. Pursuing wind-power expansion 
requires careful calibration of wind-power incentive schemes to the 
real needs of the technology. It also requires careful planning and 
distribution of wind machines to ensure a balance between the 
location of the wind resource and the capability of the grid to market 
the kilowatt hours. The way wind that is promoted today in many 
cases merely antagonizes citizens already susceptible to the 
argument that they are being asked to pay for a campaign – the fight 
against global warming- that will not affect them. A long-time horizon 
does not play in favor of urgent and costly actions. If wind energy 
costs consumers more than is necessary and wind machines are 
more visually intrusive than they need to be, the potential for wind to 
contribute to decarbonizing the electricity mix will have been 
compromised by its own proponents. 
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Annexe 

Wind power capacity and capacity factors 

EU-27 

EU 27 2006 2007 2008 2009 

Total capacity installed (MW) 
48123 56681 65247 74800 

Total capacity installed (yearn+yearn-1)/2 (MW) 
 52402 60964 70024 

Total gross electricity production (TWh) 
82 104 118 129 

Capacity factor
61

 (%) 
19.4 21 20.6 19.6 

Average capacity factor
 62

 (%) 
 22.7 22.1 20.9 

Share of gross electricity production (%) 
2.4 3 3.5 4.2 

 

Denmark 

DENMARK 2001 2002 2003 2004 2005 2006 2007 2008 2009 

Total capacity installed (MW) 
 

2417 2889 3115 3125 3129 3135 3124 3166 3481 

Total capacity installed (yrn+yrn-1)/2 
(MW) 

 

2653 3002 3120 3127 3132 3130 3145 3323 

Total gross electricity production 
(TWh) 

 
4.3 

4.9 5.5 6.6 6.6 6.1 7.2 6.9 6.7 

Capacity factor (%) 
 

20.3 19.2 20.3 24.0 24.1 22.2 26.2 25 22.0 

Average capacity factor
 
 (%)  

20.9 21.1 24.1 24.1 22.4 26.2 25.1 23.1 

Share of gross electricity 
consumption (%) 

 
11.4 

   18.2   19  

 

 

                                                
61

 Capacity factor = Electricity during a given year divided by total capacity for the 
same year; calculations made by the author. 
62

 Average capacity factor = Electricity produced during a given year divided by the 
half sum of capacities at the end and at the beginning of the year; calculations made 
by the author. 
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France 

 

Germany 

GERMANY 2001 2002 2003 2004 2005 2006 2007 2008 2009 

Total capacity installed (MW) 
8754.0 11994.0 14609.0 16628.8 18414.9 20621.9 22247.4 23902.8 25777.0 

Total capacity installed (yrn+yrn-1)/2 
(MW) 

  10374.0 13301.5 15618.9 17521.8 19518.4 21434.7 23075.1 24839.9 

Total gross electricity production 
(TWh) 

10.5 15.9 18.9 25.5 27.2 30.5 39.7 40.4 37.5 

Capacity factor (%) 
13.6 15.1 14.8 17.5 16.9 16.9 20.4 19.3 16.6 

Average capacity factor (%) 
  17.4 16.2 18.6 17.7 17.8 21.2 20.0 17.2 

Share of gross electricity 
consumption (%) 

 1.8        4.4     6.4  

 

Italy 

ITALY 2001 2002 2003 2004 2005 2006 2007 2008 2009 

Total capacity installed (MW) 
697.0 788.0 904.3 1131.5 1718.3 2123.4 2726.1 3736.5 4850.0 

Total capacity installed (yrn+yrn-1)/2 
(MW) 

  742.5 846.2 1017.9 1424.9 1920.8 2424.7 3231.3 4293.2 

Total gross electricity production 
(TWh) 

1.2 1.4 1.5 1.8 2.3 3.0 4.0 4.9 6.1 

Capacity factor (%) 
19.3 20.3 18.4 18.6 15.6 16.0 16.9 14.9 14.3 

Average capacity factor (%) 
  21.6 19.7 20.7 18.8 17.7 19.0 17.2 16.2 

Share of gross electricity 
consumption (%) 

0.4    0.8   1.5  

 

 

FRANCE 2001 2002 2003 2004 2005 2006 2007 2008 2009 

Total capacity installed (MW) 
94.0 153.0 249.0 382.3 755.6 1736.9 2482.0 3542.0 4521.0 

Total capacity installed (yrn+yrn-1)/2 
(MW) 

  123.5 201.0 315.7 569.0 1246.3 2109.5 3012.0 4031.5 

Total gross electricity production 
(TWh) 

0.1 0.3 0.4 0.6 1.0 2.2 4.1 5.7 7.8 

Capacity factor (%) 
18.0 22.3 19.4 18.8 15.0 14.4 18.7 18.3 19.7 

Average capacity factor (%) 
  27.6 24.1 22.7 19.9 20.1 22.0 21.6 22.1 

Share of gross electricity 
consumption (%) 

0.02    0.17   1  
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Poland 

POLAND 2003 2004 2005 2006 2007 2008 2009 

Total capacity installed (MW) 
61.2 68.1 72.0 152.6 262.0 451.1 705.3 

Total capacity installed (yearn+yearn-1)/2 (MW) 
  64.7 70.1 112.3 207.3 356.6 578.2 

Total gross electricity production (TWh) 
0.1 0.1 0.1 0.3 0.5 0.8 1.3 

Capacity factor (%) 
23.1 20.1 21.4 19.2 23.3 21.1 20.2 

Average capacity factor (%) 
  21.2 22.0 26.1 29.5 26.7 24.7 

Share of gross electricity consumption (%) 
  0.08   0.54  

 

Spain 

SPAIN 2001 2002 2003 2004 2005 2006 2007 2008 2009 

Total  capacity installed (MW) 
3397.0 4891.0 5945.0 8317.0 10027.9 11630.2 15151.3 16740.3 19148.8 

Total capacity installed (yrn+yrn-1)/2 
(MW) 

  4144.0 5418.0 7131.0 9172.5 10829.1 13390.8 15945.8 17944.6 

Total gross electricity production 
(Twh) 

6.8 9.3 12.1 15.9 20.7 22.9 27.6 32.2 36.2 

Capacity factor (%) 
22.7 21.8 23.3 21.8 23.6 22.5 20.8 22.0 21.6 

Average capacity factor (%) 
  25.7 25.6 25.5 25.8 24.2 23.5 23.1 23.0 

Share of gross electricity 
consumption (%) 

2.9    7.2   10.3  

 

UK 

UK 2001 2002 2003 2004 2005 2006 2007 2008 2009 

Total capacity installed (MW) 
474.0 552.0 649.3 933.2 1565.0 1961.4 2477.0 3406.2 4050.9 

Total capacity installed (yrn+yrn-1)/2 
(MW) 

  513.0 600.7 791.3 1249.1 1763.2 2219.2 2941.6 3728.6 

Total gross electricity production 
(TWh) 

1.0 1.3 1.3 1.9 2.9 4.2 5.3 7.1 9.3 

Capacity factor (%) 
23.2 26.0 22.6 23.7 21.2 24.6 24.3 23.8 26.1 

Average capacity factor (%) 
  27.9 24.4 27.9 26.5 27.4 27.1 27.5 28.3 

Share of gross electricity 
consumption (%) 

0.25    0.7   1.8  

 
Source: Eurostat, EurObserv'ER 
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Wind Power Subsidies (Selected Indicators) 

Denmark  

 Feed-in tariff (FIT) 

 

 

Onshore 

 
Turbines connected to the grid after February 2009 receive the 

wholesale spot market electricity price (€37.62/MWh in 2008) in 
addition to:  

premium price for 22,000 full load hours -> €34 
additional allowance in entire lifetime of turbine to cover 

balancing costs in electricity market -> €3/MWh 
Note: private wind turbines below 25 kW receive guaranteed tariff 

of  €80.60 /MWh 
 

Turbines connected to the grid between January 2005 and 
February 2008 receive the wholesale spot market electricity price 

(€37,62/MWh in 2008) in addition to: 
premium price for 20 years -> €13/MWh 

additional allowance in entire lifetime of turbine to cover 
balancing costs in electricity market -> €3/MWh 

 
Turbines connected to the grid in 2003-2004 receive the 

wholesale spot market electricity price (€37.62/MWh in 2008) in 
addition to: 

premium price for 20 years -> €13/MWh 
additional allowance in entire lifetime of turbine to cover 

balancing costs in electricity market -> €3/MWh  
The sum of market price and price premium is limited to 

maximum €48/MWh. 
 

Turbines connected to the grid in 2000-2002: 
For the first 22,000 full load hours, producers receive a fixed FIT 

of €58/MWh 
After full load hours are used up and until turbine is 20 years old, 

producers receive the wholesale spot market electricity price 
(€37.62/MWh in 2008) in addition to a premium of €13/MWh  

Allowance for offset costs etc. -> €3/MWh 
The sum of market price and price premium is limited to 

maximum €48/MWh 
 

 

Offshore 

 
Wind turbines, not covered by tenders, connected to the grid after 
February 2008 receive the wholesale spot market electricity price 

(€37.62/MWh in 2008) in addition to:  
premium price for 25,000 full load hours -> €34 

additional allowance in entire lifetime of turbine to cover 
balancing costs in  

electricity market -> €3/MWh 
 

Turbines financed by electricity utilities (as a result of an order or 
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special agreement) receive a fixed FIT: 
€60.73/MWh if connected to the grid after 1 January 2000, for 

42,000 full load hours 
up to €0.93/MWh compensation if production is subject to a grid 

tariff  
After all full load hours are used up and turbine is not older than 

20 years, producers receive the wholesale spot market electricity 
price (€37,62/MWh in 2008) in addition to a premium of 

€13/MWh. The sum of market price and price premium is limited 
to maximum €48/MWh. 

 
 

Source: The history of Danish support for wind power, Danish Energy Agency; 
http://www.renewable-energy-sources.com/ 

 

France 

 Feed-in tariff (FIT) 

 

 

Onshore:  
mainland 

 
New installations purchase contracts subject to decree of 

17 Nov 2008 
Utilities must buy electricity produced by wind-power 

developers at: 
- €82/MWh (on mainland) for the first 10 years 

- depending on productivity for the next 5 years:  
2,400 hours/year: €82/MWh 
2,800 hours/year: €68/MWh 
3,600 hours/year: €28/MWh  

Rates fall by 2% a year for plants built after 1 January 2008 
(but adjusted to take account of inflation). 

Existing installations subject to the decree of 8 June 2001: 
- for the first 5 years: €84/MWh 

- for the next 10 years: €30 to €84/MWh depending on the 
wind/location 

 

 

Onshore: 

Overseas 

 

 
€110/MWh for 15 years independent from productivity 

 

Offshore  

 
New installations purchase contracts subject to decree of 

17 Nov 2008 
- for the first 10 years: €130/MWh 

- for the next 10 years: 
2,800 hours/year: €130/MWh 

3,200 hours/year: €90/MWh 
3,900 hours/year: €30/MWh (with linear interpolation; 

annual degression 3%) 
 

Source: http://www.renewable-energy-sources.com/ 

 

http://www.renewable-energy-sources.com/
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Germany 

 Feed-in tariff (FIT) 

 

 

Onshore  

 
Facilities commissioned in 2010: 

Initial tariff: €91/MWh for the first 5 years 
Final tariff: €50/MWh through year 20 

Bonus for plants commissioned 2002-2008 and refit until 1 
Jan 2011:  

€7/MWh for 5 years 
Increase of initial tariff for plants commissioned between 1 
Jan 2009 and 1 Jan 2014, €5/MWh if performance of new 

technical requirements 
Degression: 1%/year 

 

 

Offshore  

 

 
Facilities commissioned in 2010: 

Initial tariff: €130/MWh for first 12 years 
Final tariff: €35/MWh 

Additional €20/MWh if commissioned before 1 Jan 2016 
Degression as of 2015: 5%/year 

 
Source: http://www.germanenergyblog.de/ 

 

Italy 

 Type of support 

 

 

Onshore, capacity 
<200 kW, 
commissioned after 
Dec 2007 

 

Feed-in tariff (FIT)* €300/MWh over 15-
year period 

Onshore, capacity 
>200 kW 

 

Green 
Certificates**/quota 

system 

1 REC per MWh 

Offshore  

 

Green 
Certificates**/quota 

system 

1.5 REC per MWh 

Source: Gestore dei Servizi Energetici website 
*The all-inclusive feed-in tariff may be revised every three years. The right of option 
between Green Certificates and the fixed tariff is exercised upon submitting the 
application for the qualification to Gestore dei Servizi Energetici (GSE). Before the 
end of the support period, a single passage is allowed from one support scheme to 
the other; in this case, the duration of the period of eligibility for the new support 
scheme is reduced by the period of eligibility that has already elapsed under the 
previous scheme. 
**Qualified plants commissioned after December 2007 are eligible for Green 
Certificates for 15 years; qualified plants commissioned until December 2007 are 
eligible for Green Certificates for 12 years. 
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Poland 

2009 guaranteed 
price* 

Green certificate 
price (in addition to 
market price) June 

2009 

 

2009 Substitution fee 

€35/MWh 

 

€57/MWh €59/MWh 

* corresponds to the average electricity price of the previous year 

Note: In October 2009
63

 Polish wholesale electricity prices on the European Energy 

Exchange reached around €42.3 per MWh for base-load demand and €45.8 per 
MWh during peak demand periods, the highest value since January. 

 

Spain 

 Option 1: Guaranteed 
feed-in tariff 

Option 2: Premium (in 
addition to market 

price) 

Onshore €75/MWh for first 20 
years 

€63/MWh after 20 years 

€30/MWh for first 20 
years 

 

Offshore Premium only €87/MWh (in addition to 
the electricity market 
price, up to a total of 

€169/MWh 
Source: Legal sources on renewable energy, Federal Ministry for the Environment, 
Nature Conservation and Nuclear Safety, Germany; http://www.renewable-energy-
sources.com/ 
Note: Spanish wholesale electricity prices were about €40/MWh in the second 

quarter of 2009.
64

 

 
 
 
 
 
 

                                                
63

 Quarterly Report on European Electricity Markets, Vol. 2, Issue 4: Oct 2009–Dec 
2009, European Commission, DG Energy & Transport. 
64

 Quarterly Report on European Electricity Markets, Vol. 2, Issue 2: Apr 2009 – June 
2009, European Commission, DG Energy & Transport. 
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United Kingdom 

 

General systems 

 

ROCs attribution by type of wind farms 

Wind systems under 50 kW 2 ROCs per MWh 

Onshore  1 ROC per MWh 

Offshore  2 ROCs per MWh 

 

Quotas for Great Britain (England, Scotland and Wales only) 

Obligation period Quota of electricity to be generated 
from renewable sources (%) 

1 April 2008 – 31 March 2009 9.1 

1 April 2009 – 31 March 2010 9.7 

1 April 2010 – 31 March 2011 10.4 

1 April 2011 – 31 March 2012 11.4 

1 April 2012 – 31 March 2013 12.4 

1 April 2013 – 31 March 2014 13.4 

1 April 2014 – 31 March 2015 14.4 

1 April 2015 – 31 March 2016 15.4 

Any further 12-month obligation 
period until 31 March 2027 

15.4 

 

Average ROCs price – 
January/July 2009 

Buy-out price for 
2008-2009 

Late payment 

about €62/MWh  €44/MWh Buy-out price + fee 
penalty 

Source: Legal sources on renewable energy, Federal Ministry for the Environment, 

Nature Conservation and Nuclear safety, Germany; http://www.renewable-energy-
sources.com/; http://www.ofgem.gov.uk/ 
Note: Monthly average price level was €54-56/MWh during the second quarter of 

2009.
65
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 Quarterly Report on European Electricity Markets, Vol. 2, Issue 2: April 2009 – 
June 2009, European Commission, DG Energy & Transport. 

http://www.renewable-energy-sources.com/
http://www.renewable-energy-sources.com/
http://www.ofgem.gov.uk/
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Small-scale systems 

Scale of wind farms Generation tariff 
(€cents/kWh) 

Duration years 

<=1.5 kW about 42 20 

>1.5 – 15 kW about 33 20 

>15- 100 kW about 30 20 

>100 – 500 kW about 23 20 

>500 kW- 1.5 MW about 12 20 

>1.5 MW-5 MW about 6 20 

Existing systems already installed and registered under the Renewables Obligation 
Act also qualify but at a reduced rate of €11 cents per kWh. 
Source: UK Renewable Energy Action Plan 

 


