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Summary

This report gives an overview of how it is possible to realise the Western European part of the global target of 10% windpower in the world's electricity production by the year 2020. This target is taken up by INFORSE, as well as by Greenpeace International, European Wind Energy Association, Forum for Energy and Development of Denmark, and others.

To be operational, the global target must be divided into regional and national targets. The regional target for Western Europe (OECD-Europe) is set to 220,000 MW of windpower, producing 540 TWh/year, equal to 19% of the regions electricity demand in 1995. A proposal of how this could be divided into national targets is made in this report. In this proposal, 1/3 of the capacity is assumed to be off-shore, and the rest is distributed among the EU-countries + Norway.

An economic evaluation shows that the costs of wind electricity will decrease from 4.7 US cent/kWh (1995 price basis) to 3.1 US cent/kWh with medium wind conditions and without profit, risk and land-use costs. Compared with large, efficient, combined-cycle gas turbines the development of 220,000 MW of wind power is found to have a positive net present value, i.e. be cost effective, even without environmental costs. The calculation shows a positive value of $US 13 billion, equal to $US 60,000 per MW of the 220,000 MW, to be installed until 2020. The calculation is quite sensitive to the gas price development, which is taken from the IEA 1998-forecast. The economic evaluation is made with considerable uncertainty, of which some parts can be reduced with further studies (e.g. availability of sites), while other parts are by nature impossible to estimate with precision (e.g. future gas prices). However it is safe to conclude that there probably will be a positive contribution to the economy from the proposed investment, and if environmental costs are included this positive contribution will probably be large.

The development is found to generate substantial employment: 250,000 people would work in the wind energy industry in Western Europe by 2020, and a total effect for the society would be probably above 300,000 jobs generated by the production and maintenance of windturbines. 

The windturbines will reduce CO2 emissions by 80 mill tons/year in the Kyoto budget period of 2008-2012 and 320 mill t/year in 2020, if they replace a mix of 60% gas power and 40% coal power. This is equal to respectively 2.5% and 10% of present CO2 emissions of EU+Norway.

To reach the goal of 220,000 MW windpower it is important to establish policies to support the development, locally, nationally and in EU. The experience of the last decades have shown that a development has taken place only in countries with a political commitment for windpower and other renewable energies. For the support of windpower development in Western Europe this report proposes:

-to set national and regional targets, e.g. for 2005, 2010 and 2020

-to include sites for windpower in land-use planning

-to ensure local support for and involvement in the development of windpower

-to establish an enabling market framework, with stable prices for wind electricity and grid access.

-to remove environmentally harmful subsidies

-to include environmental costs in energy costs

-to support research, development, and dissemination activities 

To support other regions to develop their windpower sector, this report proposes:

-to include of windpower technologies to interested developing countries and CEE countries as part of national and EU official development assistance. 

-that international treaties' provision for transfer of technologies (e.g. climate convention art. 4.1) are used for transfer of windpower technologies.

-that international development programs (EU-TACIS, UNDP etc.) give priority to windpower and other renewable energy sources in their energy sector programs.

-that multilateral development banks give priority to windpower and other renewable energy sources in their energy sector lending.

This report is based on the recent report on how to reach 10% windpower globally "Wind Force 10, - A Blueprint to Achieve 10% of the World's Electricity from Wind Power by 2020", European Wind Energy Association, Forum for Energy & Development, and Greenpeace International, October 1999. 

1. Introduction

This report gives an overview of how Western Europe can contribute to the global goal of 10% windpower in the electricity mix by 2020, - a target set up by Forum for Energy and Development  (FED, INFORSE Secretariat), Greenpeace, and European Wind Energy Association (EWEA). It further gives an overview of some of the effects of reaching this target, for the European economy and for the world climate. Finally, it gives an overview over policy recommendations to reach this target in a democratic way.

The basis for the report is an analysis of the global goal of 10% windpower "Wind Force 10: A Blueprint to Achieve 10% of the World's Electricity from Wind Power by 2020", FED, Greenpeace, EWEA, 1999(1), and a number of other sources. It is the hope that the report can be followed by co-ordinated activities, nationally and throughout Europe, to reach the target.

The report is one of the results of the project "INFORSE Europe and Latin America Participation in Global Wind Campaign" that also includes development of similar reports for Russia, Ukraine, and the Cono Sur Countries in Latin America. The work in this project  was supported by FED in Denmark; an umbrella organisation of 13 Danish citizens' organisations for development and sustainable energy.

2. Goals for Western Europe

The goal of 10% windpower in the world electricity mix must be translated into regional and national goals to be operational. As Western Europe has the most developed windpower sector in the world today, this region can continue to be the leading region in windpower installation for a long period. In this chapter indicative goals are given  for Western European countries, for EU, and for off-shore windturbines.

Wind Energy Potential

The technical potential for  wind energy production in Western Europe (limited to EU countries + Norway) is given in table 1 from the studies (1) and (2). The potentials in table 1 for the countries come from a conservative estimate by University of Twente, Netherlands (2), except for Germany where a national estimate is used (2a).  The off-shore potential is estimated to 314 TWh/year. This is based on installation of windturbines on the available sea area around Western Europe with a depth of less than 20 m and less than 30 km from land(1). To reach this off-shore potential it is assumed that for the sea areas closer than 10 km to land 10% of the physical potential for windturbines will be used while for the sea areas 10-30 km from land 50% of the physical potential will be used.

Beside the technical potential is given a potential for each country calculated as 20% of the electricity consumption in 2020 following the IEA-forecast (3), or the physical potential; whichever is lowest. 20% is the share of windpower that can be used in most electric grids with minimal investments in the overall transmission network and its regulation.

The "surplus" of potential wind energy capacity, exceeding 20% of consumption,  can be exported to neighbouring countries, or be used in the country if investments are made in more regulation, electricity storage, special windpower-related demand, etc. 


Technical Wind Energy Potential

Potential limited to 20% of 2020 consumption



MW
TWh/y
MW
TWh/y

Austria
1500
3
1500
3

Belgium
2500
5
2500
5

Denmark
4500
10
4500
10

Finland
3500
7
3500
7

France
42500
85
42500
85

Germany
64000
124
54000
106

Greece
22000
44
7400
15

Ireland
22000
44
3000
6

Italy
34500
69
34500
69

Luxembourg
0
0
0
0

Netherlands
3500
7
3500
7

Norway
38000
76
20800
42

Portugal
7500
15
5700
11

Spain
43000
86
32000
64

Sweden
20500
41
20500
41

United Kingdom
57000
114
57000
114

Off-shore
96000
314
0
0

Total
463000
1044
221000
438

TABLE  1 

Potential of installed capacity and annual production of windpower. Physical potentials reduced with land-use and sea-use constraints from (1,2, 2a). Potentials limited to 20% of 2020 electricity consumption and import potentials in 2020 based on IEA 1998-forecast for 2020 (3). 

Targets

To meet the target of 10% windpower in the worldwide electricity mix,  an installation of 220,000 MW in 2020  is expected in Western Europe. This will cover 12% of the electricity demand in OECD-Europe (EU countries, Norway, Switzerland, Hungary, Czech Republic, Turkey).  To reach this target of  220,000 MW by 2020 for Western Europe, the regional target could be divided as proposed in table 2 and 3. See annex 1 and 2 for an overview of a possible development to reach the goals, and the assumptions used (figures in annex 2 are only for new developments from 2000 and onwards, but it is assumed that windturbines are replaced after 20 years, thus the figure in annex 2 for 2020 covers all turbines installed at that time).

Target years
EU-15 

land-based
Others, land-based
Off-shore
Total

2005
24,000 MW
1,000 MW
2,000 MW
27,000 MW

2010
50,000 MW
3,000 MW
7,000 MW
60,000 MW

2020
140,000 MW
10,000 MW
70,000 MW
220,000 MW

TABLE 2

Indicative targets for Western Europe (OECD-Europe). These targets are  in line with the 10% worldwide target. 

The targets for Western Europe must be broken down into national targets to be operational. National targets have to be agreed on national level, based on national discussions and planning (as proposed in chapter 4), but an example of national targets corresponding to the regional target is given in table 3.


TWh/y
MW
Coverage, 2020

Austria
3
1500
2.8%

Belgium
2
1000
1.4%

Denmark
7
3000
12.0%

Finland
7
3500
5.9%

France
55
27500
6.2%

Germany
42
20000
4.4%

Greece
8
4000
11.0%

Ireland
3
1500
10.0%

Italy
26
13000
7.0%

Luxembourg
0
0
0.0%

Netherlands
7
3500
4.4%

Norway
20
10000
10.0%

Portugal
6
3000
11.0%

Spain
36
18000
11.0%

Sweden
28
14000
11.0%

United Kingdom
74
37000
11.0%

Off-shore
228
70000


Total
542
226500
12.0%

TABLE 3 

Example of national targets for installed windpower in Western European countries by 2020 to reach the worldwide goal of 10% wind. In this example, the wind energy excluding off-shore is limited to 11% of expected national demand in 2020, corresponding to 19% of 1995 demand and electricity increase according to IEA 1998-forecast (3). For countries with less physical potential than 19% of  1995-demand (11% of 2020 demand according to IEA), the physical potential given in table 1 has been the limiting factor with a few exceptions. For France and Italy  these examples are respectively 30 TWh/y and  15 TWh/y  below the physical potential. For Norway the coverage is limited to 17% of 1995-demand. For Denmark and Germany are used potentials from relevant NGOs(3a)[German target needs update].  No considerable development is assumed for Switzerland, Turkey, Hungary, and Czech Republic.  Off-shore windpower is assumed to account for 70,000 MW, or 32% of the capacity, following (1).

The coverage is excluding off-shore production for individual countries, while off-shore production is included in the coverage for the total.

The share of windpower in the electricity mix is based on the 1998 Business as Usual forecast from IEA (3) of future electricity consumption. In this forecast the Western European consumption (including consumption in Turkey, Hungary and Czech Republic) is expected to increase from 2678 TWh/year in 1995 to 4492 TWh/year in 2020, an 80% increase or 2.1% per year. While the IEA forecast takes a traditional approach based on the demand growth of the last decades, many other forecasts are lower, based on assumptions of de-coupling of economic growth and electricity demand growth, increasing energy efficiency, and a willingness to conserve energy for environmental reasons. The  EU study "Energy in Europe"'s Conventional Wisdom Scenario expects an annual growth of 1.3% p.a. for EU (4) and in the national energy plan for Denmark, "Energy 21" is expected a stable electricity consumption for Denmark in the period (5). If the electricity consumption in Western Europe would remain stable in the period 1995-2020 (probably with a growth in countries with low consumption per capita and reductions in countries with high consumption per capita), the installation of 220,000 MW windpower will give a share of wind in electricity supply of 20.2% for OECD-Europe. While numerous assessments of European electric grids have shown that no technical problems will occur for 20% windpower in the electricity mix, studies in Denmark (1),(6) shows that 30-40% of electricity demand can be covered by wind if a more flexible electricity supply system is made. Thus, it is assumed in this report  that 220,000 MW of windpower can be installed in Western Europe with minor investments in additional flexibility in the electricity supply and demand even though some countries will have somewhat more than 20% windpower in their electricity supply mix.

The 220,000 MW goal for the 10% wind campaign can be compared with the goal of 40,000 MW windpower embedded in the general EU target of 12% renewable energy by 2010, and the 10,000 MW of additional windpower by 2010 included in the EU Campaign for Take-Off (7). It have to be noted that the EU goal only covers the 15 EU countries, while the 220,000 MW goal also includes Norway (and other countries). The goals are compared in figure 1.
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Figure 1. 

A development path to reach 220,000 MW windpower in Western Europe by 2020, compared with the goal for EU for 2010 embedded in the general EU goal of 12% renewable energy.

From table  2 and 3 examples of national goals can be developed for the EU-countries to compare with the proposed indicative targets for renewable energy by 2010, included in the proposed renewable energy directive.

Country
MW
TWh/year

Austria
500
1

Belgium
400
1

Denmark
3000
7

Finland
1100
2

France
9000
18

Germany
11000
23

Greece
1400
3

Ireland
600
1

Italy
4600
9

Luxemb.
100
0

Holland
1500
3

Portugal
1100
2

Spain
8000
16

Sweden
5000
10

United Kingdom
12700
25

EU-15
60000
122

Table 3A Examples of national goals of land-based windturbines, based on table 2, table 3,  and the installed capacity in the beginning of 2000.[note on German target/NGO proposals here]
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Figure 1A 

Targets for land-based windturbines from table 3A compared with indicative targets for renewable energy without large hydro from the proposed EU-directive for renewable energy in the internal electricity market.

The development of 220,000 MW windpower by 2020 (as shown in Fig. 1) will require installation of 1,900 MW/year from 2000, raising to 22,000 MW/year in 2020. According to "Wind force 10" (1) the current  European manufacturing capacity is above 4.500 MW/year. The actual growth in 1999 was 2600 MW (2x) If the development follows the scenario (annex 2) the manufacturing capacity will only be exceeded in 2006. After 2006 the  annual growth will not exceed 18% p.a. The average annual growth of the wind industry 1994-1998 was 40%, and an annual growth rate of 18% should be possible for the industry without problems.

3. Economy, Employment and Environmental Effects

The goal of 220,000 MW windpower in 2020 requires investments in the order of  $US 140 billion throughout the period, with maximal investments of $US 12 billion in 2020 (22,000 MW at $US 559/kW. It can replace investments in  about 45,000 MW of other power plants (see annex 2). 

Windturbines have decreased substantially in costs in the last two decades, and there are good reasons to believe that this price decrease will continue with increased production and optimisation. With the growth in the windturbine market assumed in Windforce10 (1), the investments are expected to decrease from 897 US$'95/kW to 559 US$'95/kW from 2016 (turbines including foundation and grid connection, but without major grid reinforcements), based on an assumed learning curve. 

Another important assumption is that the average turbines are placed in medium wind conditions: capacity factor of 0.25 in 2000 equal to Danish wind conditions, landscape roughness class 2 (country with few obstacles, average wind speed 5.5 m/s 10 m above ground), 50 m hub height and modern Danish wind turbines. The capacity factor is assumed to increase to 0.28 from 2007 and onwards. 

Based on this,  and on an assumption of 6% p.a. interest rate, the electricity price from new windturbines will fall from 4.7 US'95 cent/kWh in the beginning of the period to 3.1 US'95 cent/kWh in 2020. This calculation is without profit, risk, and land-use costs. Such a calculation gives the price for the society for wind electricity. It can be used to compare with the price for electricity from other sources calculated with similar conditions. It cannot be compared with the premium prices paid, usually for limited period, for windturbine investors.

With assumptions of gas price development from IEA(4), discount rate 6% p.a., inflation 3% p.a., costs of gas power plants of $US 570/kW, the net present value (NPV) of the development is found to be  $US 13 bill., equivalent to 57,000 $/MW or close to 10% of the investment. The NPV is calculated for the period 2000 to 2020 + 20 years' extension period, see assumptions and calculations in App. 2. 

The implication of the positive net present value is that it is cost-effective for the society to develop windturbines for Western European electricity supply, based on purely economic terms, when a long-term perspective is used. If environmental costs of fossil fuel supply were included,  the would larger. The calculations show a trend with gradually better economy of the investments over the period with the positive contributions to NPV in the last part of the period. But it is the investments in the first part of the period that make the cost reductions of windturbines possible, and thereby make the good economy possible in the last years of the period. Thus, it is important to make this investment in the coming years to benefit later.

Discussion of assumptions

A basic assumption is the wind conditions at the sites. The experience from Denmark and from some countries with a lower development of windpower (Ireland, UK, Sweden and others) assumes that it is possible to find sites for large windpower capacity with the assumed wind conditions (5.5 m/s in average wind 10 m above ground at the average site). The last years development have not shown a substantial decrease in wind speed at new Danish sites, in spite of the many sites already used. In opposition to this is the German experience, where inland sites constitute over half of the expected new capacity. They have considerably lower average wind speed and capacity factors in the range of  15-17% (6a). This constitutes another use of windturbines, where they are a local source of energy, giving local employment and increasing local security of supply in regions that do not have much local, sustainable energy sources. 

With such sites constituting 2/3 of the German and Austrian land-based development, they will contribute 5-6% of the total development until 2020, but due to the rapid development in Germany they can be very important for the development in the coming decade.

For simplification off-shore windturbines are not treated separately. They are assumed to have same economy as land-based turbines (higher costs equalled by higher outputs). This is not the case today, where they have in the order of 15-30% higher costs pr. kWh than windturbines on land. In this scenario 90% of the off-shore capacity is established after 2010.

Development of windturbine costs [include discussion of the assumed learning curve, based on material from FGW]

This calculation is quite sensitive to the long-term development of the prices of the fuel that is replaced by the wind energy. In this calculation, it is assumed that the replaced fuel is natural gas. With gas prices respectively 20% higher and lower in the period 2000-2020 than the IEA scenario, the NPV will be respectively $ 55 bill. and $ - 28 bill.

Also the interest rate and the discount rate have considerable influence on the NPV of the proposal: with 4% interest rate and 5% discount rate, the NPV will more than double from $US 13 bill. to $US 32 bill.

Also the costs of the power plants displaced by windpower is crucial for the calculation. In this calculation large (400 MW) combined cycle gas turbines are used as the replaced power plants. These are the most efficient thermal power plants, and also among the cheapest. If a mix of power plants are replaced, the fuel savings will be higher and the NPV will probably be higher as well.

All in all the NPV calculation is made with considerable uncertainty, of which some parts can be reduced with further studies (e.g. availability of sites), while other parts are by nature impossible to estimate with precision (e.g. future gas prices). However it is safe to conclude that there is probably a positive contribution to the economy from the proposed investment, and if environmental costs are included this positive contribution is probably substantial.

Employment

The employment in the wind industry and supplying sectors can be estimated at 22 man year/MW in 1998 and gradually reduced to 12.3 man year/MW in 2020 because of cost reductions in the production in the period(1). This gives an employment increasing from 82,000 in 2005 to 252,000 in 2020 of  persons in the period in windpower companies and supplying industries (1). 

To the above figures should be added employment in operation and maintenance of the turbines, estimated to 17 person/mill.$ of O&M (annex 3). To get the full, societal effect of the employment, the  reduced employment in fossil fuel construction, operation, maintenance, and supply should be subtracted. Following Danish input-output analysis, the employment in fossil fuel power plant construction is estimated to 21 job-year/mill.$US, the operation & maintenance is estimated to 8.1 job-year/mill.$US  and employment in fuel supply is estimated to 1.9 job-year/mill.$US (see annex 3). Further the effect of positive or negative economic effect of the investment should be added. This is done with a factor of 8.6 person-year/ mill.$ of general private consumption (annex 3). The resulting total societal employment gain is increasing from about 70,000 in 2005 to about  330,000 in 2020. This figure indicates the order of magnitude of employment gains by choosing a development to reach 220,000 MW of windpower. But the calculation is based on Danish input-output tables and therefore is not an exact calculation for the whole of Western Europe. Unfortunately there is no published input-output tables with sectoral employment multipliers for Western Europe or for EU, thus it is not possible to make above calculation based on statistics for the whole region.

The requirement to install minimum 100 MW/year in a country to develop national production (1) is fulfilled in all of the countries except Luxembourg and maybe Austria.  In general, the requirement of at least 100 MW/year translates into a goal of  at least 1500-2000 MW for 2020 (see table 3). Thus the employment can be equally distributed among the countries involved, relative to the installed capacity of each country.

The environmental benefits of the development will be:

- reductions in CO2 emissions, as well as 

- reductions in sulphur emissions and NOx emissions, 

- reduced production of fly-ash, and 

- reduced environmental impact from fuel supply and distribution (reduced methane emissions from gas fields, pipelines, and coal mines, reduced local pollution from gas fields and coal mines). 

This should be weighted against the impact of the windturbines on their neighbourhood and the resource-use to produce 220,000 MW of windturbines instead of 50,000 MW of gas power plants.

With the assumptions that windpower replaces  60% gas power and 40% coal power and that windpower does not replace cogeneration of heat and electricity in substantial amounts, the CO2 emissions reduction will be 600,000 t CO2/TWh of wind electricity (1, p.35). With this assumption, the CO2 emission-reduction today is 8 mill. t/year from today's 6553 MW of windturbines in Western Europe growing to 78 mill. t/year in 2010 and 320 mill. t/year in 2020 (8) for Western Europe. If in the future the wind power will replace efficient gas power plants, as assumed in the economic calculations in annex 2 and 3, the CO2 reductions are 45 mill t/year in 2010 and 186 mill. t/year in 2020 (9).

The reduction of 320 mill.t. CO2/year is equal to a reduction of 10% of EU + Norway's  present CO2 emissions (3.3 bill. t. CO2/year). For the period 2008-2012, the reductions will be 80 mill t./year in average, equal to 2.5% of  EU + Norway's present CO2 emissions. This can be a considerable help to reach the goal of the Kyoto Protocol of 8% CO2 emission reductions for the EU countries.

The production of windturbines demands energy equivalent to 3.1-3.8 months of operation(10). With an average lifetime of  20 years this reduces the CO2 emission reductions with about 1.4%. The effect of this is regarded negligible and is not included in the calculations.

4. Policies to Achieve the Target

Realisation of 10% windpower worldwide in two decades will require constant policies in support of that goal. For Western Europe, the goal is to realise the regional goal of 220,000 MW windpower as well as supporting other regions in developing their own capacity of windpower production.

The experience of the last decades is that a development have taken place only in those countries which has a political commitment for windpower and other renewable energies, Even with the gradually improved economy in windpower projects, they are crucially dependent of the political framework for the electricity sector, including subsidies for other sources. It is unlikely that an ambitious windpower target can be reached without policies to support windpower and the development of renewable energy in general.

From this analysis, the proposals to support the development of windpower in Western Europe are:

-establishing of targets

-inclusion of sites for windpower in land-use planning

-ensure local support for and involvement in the development

-enabling market framework, with stable prices and grid access.

-remove environmentally harmful subsidies

-include environmental costs in energy costs

-support for research, development, and dissemination

Proposal for activities in Western Europe to support other regions in developing their windpower sector are:

- Countries with windpower production capacity should include transfer of windpower technologies to interested developing countries and CEE countries as part of their official development assistance. 

- International treaties' provision for transfer of technologies (e.g. climate convention art. 4.1) should be used for transfer of windpower technologies.

- International development programs (EU-TACIS, UNDP etc.) should give priority to windpower and other renewable energy sources in their energy sector programs.

- Multilateral development banks should give priority to windpower and other renewable energy sources in their energy sector lending.

Targets

National targets for renewable energy have proven to be helpful guidelines to judge the current development against, to give investors and developers a message of the size of the market, and to integrate windpower in overall environmental goals, e.g. for reductions of CO2 emissions. The Danish goal of 1500 MW windpower is an example of such a national goal, and even though it was reached six years before originally anticipated, it was a good guideline for the required annual installation rate: it was easy to point out that the development was too slow in certain years, e.g. in the beginning of the 90's. 

National and regional targets for windpower development must be set with targets for key years: 2005, 2010 and 2020. To reach the target of  220,000 MW by 2020 for Western Europe, the regional target could be divided as proposed in table 4 (above).

Land-use Planning

Discussions of the siting of windturbines have in some cases been detrimental to the development of windpower with lengthy planning procedures for individual projects postponing development for years. The planning must include localisation of  sites with good wind, exclusion of sites with  problems for neighbours (e.g. noise) or surrounding nature ( protection zones, special vulnerable nature); and a broad public debate should be organised about the effects of developing windpower in the chosen sites.

Windpower planning must include serious involvement of the public, including a public debate with people in the surrounding areas of the site. A successful public debate gives a good estimation of the amount and type of windpower that the local public will accept.

The planning can result in definition of specific sites (as done in Denmark), or in areas designated for windturbines. The planning should not limit the use of small (household-size) windturbines and could divide the windturbine-sites in categories for different sizes of windturbines.

When the planning is final it must lead the way for quick planning permissions for projects in the selected sites/areas.

In Denmark and Germany, land-use planning for windturbines have proven to be supportive for the development, once the planning-phase is over. In Denmark, the first planning-phase actually halted the development for a period. Such a stop-go effect of the planning should be avoided.

Local Support and Involvement

Windturbines are usually large constructions that are visible in some distance, and they are a potentially a new source of income for the neighbourhoods of their installation. To allow the people in their neighbourhood to get some of the benefits from the windturbines, the people around the turbines must be involved in their development. This involvement can have several forms, but one way that have proven very successful in Denmark, is to include them as owners, having a direct say in the planning process and in the earnings following the project implementation.

The major part of the problems with local protests against windturbines are in projects where the local population is not appropriately involved.

Enabling Market Framework, with Stable Prices and Grid Access.

Investment in wind turbines requires stable payments for the electricity until the investment is paid back. In general banks and other institutions that give loans for wind projects will require a guarantee of stable prices to finance the project.  One way of guaranteeing the prices is with regulation that links the selling price to the consumer price for electricity. This has proven very successful in the Germany,  Spain and Denmark.

In systems where consumers pay separately for capacity it is important that windturbines are also paid for the capacity value of their generation.

Another way is to give long-term contracts for the electricity from windturbines, e.g. 15 years. 

When electricity markets are designed, it is important to have a mechanism that gives a stable price for electricity and that allows projects to enter into the system within a reasonable time. Locally based projects usually have severe problems with very long delays that can be caused by long time between tenders. 

Systems that link the price of electricity from windturbines to a pool price, which is usually very varying and in many times artificially low, will not support the development of windturbines.

Another important factor of an enabling market is the grid access, and the cost of this access. Because the grid operator is a monopoly the access must be regulated by state regulation to guarantee fair terms.

It is usually regarded as fair, if  the windturbine operator pays the true cost of the connection to the nearest high-tension line (10-20 kVolt), but not the cost for improving the network. The reasoning for this is that the improvement of the network gives several benefits for the network, e.g. the network can be used for more loads and for other windturbines. This system is in force e.g. in Denmark.

Remove Environmentally Harmful Subsidies

In many electricity systems the fossil fuel and nuclear power plants receive subsidies in various kinds. As long as these subsidies exist it will not be possible to make a level playing fields, where all subsidies are based on rational rules, e.g. internalisation of environmental costs. The removal of the subsidies in environmentally harmful ways of producing electricity will be a substantial help for the further development of windturbines as well as of other renewables and of energy conservation measures.

The subsidies are (among others):

- direct subsidies e.g., to coal mines, 

- preferential treatment of fossil and nuclear power plants, 

- preferential financing and guarantees, 

- unrealistically low liability for accidents, e.g. in nuclear installations & oil exploration, 

- inadequate funds for decommissioning of e.g. nuclear installations & oil fields, 

- inadequate charges for handling nuclear waste.

When it is generally agreed that environmental costs should be included in the prices of polluting products like electricity from fossil fuels, this is not in most countries. And in countries where environmental taxes on electricity are imposed, windturbines are not necessarily excluded from these taxes. 

Environmental taxes should be imposed on electricity to reflect the environmental costs of electricity, while windturbines and other less environmental harmful electricity producers should have a lower tax, relative to how much lower their emissions are. While it is difficult to quantify the environmental costs, increasing information is available on the costs on various pollutants, especially from fossil fuels. The recent ExternE project (11) gives a good overview of environmental costs from fossil fuel use in Europe. For CO2, where the harmful effects are hard to quantify, an alternative is to use the abatement cost for reducing CO2 emissions (the shadow price) (12).

Support for Research, Development and Dissemination

While nuclear power and fossil fuel technologies have received R&D support for decades in large quantities, renewables and energy efficiency have received relatively smaller amounts. With an overall aim of increasing renewable energy and energy efficiency, there is no need to continue the R&D in nuclear and fossil fuels, while there is an urgent need to increase the support for renewables and energy efficiency.

For wind energy the need is:

- Continued research in improved windturbines and components, to lower costs, to increase lifetime and reliability and to increase reuse-ability of used components. Beside standard turbines the research should also include special turbines, e.g. smaller turbines for smaller loads and turbines for low wind.

- Mapping of wind resources to increase the reliability of wind maps. This is important to accurately predict production from planned windturbines.

- Test centres and independent quality approval/certification to ensure the reliability of the turbines on the market.

- Information centres with producer-independent information about the windturbines on the market. These centres should have information in relevant languages and be as close to the users as possible.

Support for Development of Windpower in Other Regions

Countries with windpower production capacity should include windpower technologies to interested developing countries and CEE countries as part of their official development assistance. This must be within an integrated planning of the power supply of the recipient country to ensure that windpower is used as part of an optimal plan for development of the country and improve the environment.

International treaties' provision for transfer of technologies should be  used for transfer of windpower technologies. The UN Climate Convention has obligations for transfer of technology (art. 4) and joint implementation, and the Kyoto Protocol introduces the Clean Development Mechanism (CDM). These mechanisms should exclusively be used for renewable energy excluding large hydro and the most technically and economically energy efficient and environmentally sound technologies. Therefore, they should exclude nuclear power.

International development programs (EU-TACIS, UNDP etc.) should give priority to windpower and other renewable energy sources in their energy sector programs. The programs should help recipient countries to develop capacities in evaluating  wind energy potentials and certifying of windturbines, support the development of wind energy maps, and support the installation of windturbines as an integral part of optimising the electricity supply.

Multilateral development banks should give priority to windpower and other renewable energy sources in their energy sector programs. Loans for energy supply should primarily be used for renewable energy excluding large hydro.
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