
World wind capacity now generates enough electricity to meet about 3% of the world’s electricity 
demand. In 2011, 85% of the world’s wind generating capacity resided in the member countries of the 
International Energy Agency Wind Implementing Agreement (IEA Wind). During that year, these countries 
added nearly 34 GW (33,600,000,000 Watts) of wind generation for a total of about 203 GW of wind 
generating capacity. 

Through IEA Wind, the participating countries work together to increase the contribution of wind energy 
to their electrical generation mix. Sharing information and working in co-operative research tasks greatly 
multiplies the efforts of each country and advances wind energy development. Members come from 
Europe, North America, Asia, and the Pacifi c. Potential new member countries are encouraged to attend 
meetings and begin the process of joining. 

This  IEA Wind 2011 Annual Report 
presents the work of the co-operative 
research tasks, including contributions 
to IEC standards development for 
grid integration, aerodynamic model 
advances, research supporting offshore 
wind deployment, work to label small 
wind turbines, work to understand public 
acceptance of wind energy projects, and 
development of analysis tools to advance 
the technology and reduce the costs of 
wind energy. 

The 20 member countries, the Chinese 
Wind Energy Association, the European 
Commission, and the European Wind 
Energy Association have contributed 
information for 2011 about how they 
have progressed in the deployment of 
wind energy, how they are benefi ting from 
wind energy development, and how they 
are devising strategies and conducting 
research to increase wind’s contribution 
to the world energy supply.
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Message from the Chair

Welcome to the IEA Wind 2011 Annual 
Report of the cooperative research, develop-
ment, and deployment (R,D&D) efforts of 
our member governments 
and organizations. IEA 
Wind helps advance wind 
energy in countries repre-
senting 85% of the world’s 
wind generating capacity. 

The year 2011 was a 
challenging year for wind 
energy, but resulted in im-
pressive additions of wind 
power capacity as well 
as research efforts by the 
member countries. We 
published a revised strategic 
plan, a report on activities 
in the small wind sector, 
and final reporting of sever-
al tasks were ongoing to be published in early 
2012. The first new IEA Wind Recommend-
ed Practice in a decade was published: Rec-
ommended Practices for Wind Turbine Testing and 
Evaluation 12. Consumer Label for Small Wind 
Turbines. Three new Topical Experts Meetings 
were held on statistical analysis on wind tur-
bine failures, offshore foundation technology 
and long-term R&D needs for wind power. 
We published full proceedings of Topical Ex-
pert Meetings on wind conditions for wind 
turbine design; solutions and concepts for off-
shore wind turbines; micrometeorology inside 
wind farms and wakes between wind farms; 
and wind farms in complex terrain. 

In 2012, we expect to approve new IEA 
Wind Recommended Practices for wind en-
ergy projects in cold climates, for remote wind 

speed sensing using SO-
DAR and LIDAR, and for 
public acceptance of wind 
energy projects and wind 
integration. These official 
documents developed with-
in our research tasks pro-
vide pre-normative guide-
lines for the wind commu-
nity while formal standards 
efforts are under way. 

Moving forward, we 
approved two new research 
tasks to start work in 2012, 
one to advance the use of 
Lidar remote sensing for 
wind plant development, 

and one to improve the use of reliability data 
to develop operation and maintenance strate-
gies. In 2012, the eleven active research tasks of 
IEA wind will offer members many options to 
multiply their national research programs. Six 
of these tasks will generate technical reports 
based on their terms extending into 2012. 
And ideas for additional cooperative research 
are moving toward task proposals for 2012 and 
beyond.

With market challenges and ever-chang-
ing research issues to address, the IEA Wind 
co-operation works to make wind energy an 
ever better green option for the world’s energy 
supply.

Hannele Holttinen
Chair of the Executive Committee, 2011 to 2012
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1.0 Introduction 
ind generation now meets 

a significant percentage of 
electrical demand worldwide. 

In 2011, the world added about 40 GW 
of wind generation, a 24% increase, 
to total more than 238 GW (GWEC 
2012). This is enough capacity to cover 
about 3% of the world’s electricity de-
mand (WWEC 2012).

More than 85% of the world’s wind 
generating capacity resides in 21 coun-
tries participating in the IEA Wind im-
plementing agreement—an international 

W

Table 1. Key Statistics of IEA Wind Member Countries 2011  
Total installed capacity 203 GW

Total off shore wind capacity 3.3 GW

Total new wind capacity installed 33.6 GW

Total annual output from wind 365.2 TWh

Wind generation as % of national electric 
demand

2.8%

Wind energy production monitoring and control room, Dublin, Ireland

cooperation to share information and re-
search activities that advance wind energy 
deployment. These IEA Wind member 
countries added more than 33 GW of 
capacity in 2011. With a full 200 GW of 
wind generating capacity, electrical pro-
duction from wind met 2.8% of the total 
electrical demand in the IEA Wind coun-
tries (Tables 1–3). 

This IEA Wind 2011 Annual Report 
contains chapters from each member 
country, the Chinese Wind Energy As-
sociation, and the European Wind En-
ergy Association. The countries report 

how much wind energy they have de-
ployed, how they benefit from wind 
energy, and how their strategies and 
research will increase wind’s contribu-
tion to the world energy supply. This 
Executive Summary presents highlights 
from the country chapters and compiled 
statistics for all countries. Data from 
the past 15 years as reported in previ-
ous IEA Wind documents (IEA Wind 
1995–2010) are included as background 
for 2011. 

2.0 National 
Objectives and Progress 
Governments and industry in IEA 
Wind member countries have set na-
tional targets for renewable energy and 
wind energy (Table 4) and designed 
incentive programs to help reach 
these targets (Table 9). Their reasons 
for supporting wind energy include 
increasing domestic energy supply, 
reducing greenhouse gas emissions, 
building domestic industry, and replac-
ing nuclear energy. 

2.1 National targets
The member countries of IEA Wind 
have targets for increasing the amount of 
renewable energy, or low-carbon energy, 
in the electrical generation mix (Table 
4). These targets, whether embedded 
in legislation or appearing in roadmap 
documents, help drive policy measures 
to encourage deployment of renewables 
in general and wind energy in particular. 

All EU member states have submit-
ted National Renewable Energy Action 
Plans (NREAPs) detailing sectoral and 
technology-specific targets and policy 
measures to reach the legally binding 
2020 renewable energy systems target. 
It is expected that more than 34% of 
EU electricity demand will be covered 
by renewable energy sources (RES), al-
most half of that (14%) by wind energy. 
According to the NREAPs, installed 
wind capacity in the EU will increase to 
213.4 GW in 2020 (170.1 GW onshore 
and 43.3 GW offshore). 

Credit: Patricia Weis-Taylor
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Table 2. National Statistics of the IEA Wind Member Countries 2011 
Country Total 

installed 
wind 
capacity
(MW)

Total 
off shore 
installed 
wind 
capacity
(MW)

Annual net 
increase in 
capacity
(MW) 

Total no. of 
turbines

Average 
capacity of 
new turbines
(kW)

Wind-
generated 
electricity
(TWh/yr)

National 
electricity 
demand
(TWh/yr)

National 
electricity 
demand 
from wind*
(%)

Australia 2,224 0 234 1,211 2,000 6.4 261 2.4%

Austria 1,084 0 73 656 2,220 2.2 68.7 3.6%

Canada 5,265 0 1,298 3,094 1,930 14.3 555.0 2.5%

China    62,364 108 17,631 45,898 1,545 73.2 4,692.8 1.6%

Denmark 3,952 871 206 4,972 2,155 9.8 34.9 28.0%

Finland 199 26 2 131 1,000 0.5 84.4 0.6%

Germany 29,075 200 2,007 22,297 2,243 46.5 608.0 7.6%

Greece 1,640 0 343 1,357 1,145 3.3 57.0 5.8%

Ireland 1,633 25 239 1,200 2,000 4.4 28.0 15.6%

Italy 6,878 0 1,080 5,446 1,831 10.1 332.3 3.0%

Japan 2,501 25 167 1,832 1,991 4.2 859.7 0.5%

Korea 406 0 27 234 1,381 0.8 451.1 0.2%

Mexico 570 0 50 450 1,250 1.3 219.0 0.6%

Netherlands 2,368 228 123 2,009 2,118 5.1 121.8 4.2%

Norway 511 2 76 242 2,300 1.3 131.2 1.0%

Portugal 4,302 2 315 2,349 2,000 9.0 50.5 18.0%

Spain 21,673 0 1,050 19,606 1,807 41.8 254.8 16.4%

Sweden 2,899 0 755 2,039 2,133 6.2 139.2 4.4%

Switzerland 46 0 3 30 1,625 0.1 59.8 0.1%

UK 6,470 1,838 1,092 3,600 1,900 15.5 365.3 4.24%

United 
States

46,916 0 6,816 39,292 2,000 119.7 3,769.3 2.9%

Totals 202,976 3,325 33,587 157,945 375.7 13,143.4 2.8%

*% of national electricity demand from wind = (wind generated electricity/national electricity demand) × 100 
Bold italic = estimated

ExCo Meeting 68 Dublin, Ireland

Some countries have chosen goals 
that exceed the EU targets. Austria's 
new Green Electricity Act 2012 has a 
new long-term target of adding 2 GW 
of wind power to the existing capacity 
(1 GW) by 2020, which means a target 
of 3 GW by 2020. This target is higher 
than Austria’s target for wind energy 
in its NREAP. Denmark became the 
first country to declare the intention 

to use 100% renewable energy for 
their energy and transport system by 
2050. In Denmark, wind power cov-
ered 28% of electric demand in 2011 
and is planned to cover 50% of elec-
tricity consumption by 2020. The Ger-
man government plans to supply 50% 
of electricity consumption from wind 
by 2050. The German government al-
so decided to move completely away 

from nuclear energy production by 
2022. Ireland's target of 40% contribu-
tion from RES by 2020 will be largely 
met by wind energy.

Outside of Europe, planning is un-
derway to increase wind power devel-
opment. The Chinese organizations and 
the IEA Secretariat published the China 
Wind Energy Development Roadmap 2050. 
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2.2 Progress
2.2.1 Capacity increases

Capacity increased in the IEA Wind 
member countries as a whole from less 
than 5 GW in 1995 to more than 200 
GW in 2011 (Figure 1). In 2011, wind 
generation capacity increased in every 
IEA Wind member country, and they 
added more than 33 GW in all. Seven 
countries added more than 1 GW of 
new capacity: China (17.6 GW), the 
United States (6.8 GW), Germany (2.0 
GW), Canada (1.3 GW), the United 
Kingdom (1.1 GW), Italy (1.0 GW), 
and Spain (1.0 GW) (Tables 2 and 5). 
Greece, Portugal, and Sweden also added 
more than 300 MW each. In all, fifteen 

countries added more than 100 MW of 
new capacity. 

More wind capacity was added in 
2011 than in 2010 in Australia, Austria, 
Canada, Germany, Greece, Ireland, Italy, 
the Netherlands, Norway, Sweden, the 
United Kingdom, and the United States. 
Record increases in capacity were re-
ported in Canada thanks to incentive 
schemes at the national and provin-
cial level. Sweden also added a record 
amount of wind capacity in response to 
a renewable electricity certificate system 
with quotas. 

China had the highest growth—a 
39% increase—although this was less 
than that country’s 73% growth in 2010. 
Overall rates of increase are slowing or 
leveling out (Table 5). In some coun-
tries, increases in capacity were less than 
hoped for because of uncertainty about 
government programs, very low prices 
for competing energy, or the general 
economic slowdown. 

A notable shift toward renewable 
energy sources was reported. In the EU, 
during 2011, 6.3 GW of nuclear capac-
ity was decommissioned and over 1 GW 
of fuel oil capacity was taken offline. 
Wind power accounted for 21.4% of 
new installations, the third biggest share 
after solar PV (46.7%) and natural gas 
(21.6%).

Among the IEA Wind member 
countries, offshore wind systems total-
ing about 3.3 GW were operating at the 
close of 2011 (Table 6). In the EU, by 
early 2012, almost 5.3 GW of offshore 
wind capacity was under construction. 
Once completed, installed offshore ca-
pacity in Europe will reach 9 GW. Fur-
thermore, EWEA identified 18 GW of 
fully consented offshore projects in 12 
European countries at the close of 2011. 
Korea began construction of a 100-MW 
offshore wind farm in 2011.

Intertidal wind installations are also 
taking place. By the end of 2011, 262 
MW of offshore wind capacity were in-
stalled in shallow water and intertidal ar-
eas in three provinces of China.

In addition to bottom-fixed offshore 
turbines, a full-scale 2-MW floating pro-
totype was installed in Portugal. Two 
other floating prototypes were tested in 
Norway and Sweden. Japan is also plan-
ning for floating offshore turbines.

Table 3. Worldwide Installed Wind Capacity for 2011

IEA Wind Members* Rest of World**

Country MW Country MW

China 62,364 India 16,084 

United States 46,916 France 6,800

Germany 29,075 Other Countries*** 3,296

Spain 21,673 Turkey 1,799

Italy 6,878 Poland 1,616

United Kingdom 6,470 Brazil 1,509

Canada 5,265 Belgium 1,078

Portugal 4,302 New Zealand 622 

Denmark 3,952 Taiwan 564

Sweden 2,899 Egypt 550 

Japan 2,501 Morocco 291

Netherlands 2,368 Chile 205 

Australia 2,224 Costa Rica 132 

Greece 1,640 Argentina 130 

Ireland 1,633 Honduras 102 

Austria 1,084 Caribbean 91 

Mexico 570 Iran 91 

Norway 511 Dominican Republic 33

Korea 406  Vietnam 30

Finland 199 Cape Verde 24

Switzerland 46 Pacific Islands 12

Total IEA Wind Members 202,976 Total Rest of World 35,059

 Grand Total 238,038

* Numbers reported by IEA Wind 
member countries
**Numbers reported by GWEC 
(2012)
*** Those not in this list or in IEA 
Wind

In Canada, although there are no national 
wind energy deployment targets, the fed-
eral government has committed to have 
90% of Canada’s electricity produced by 
hydro, nuclear, clean coal, and wind power 
by 2020. Japan is reevaluating its depen-
dence on nuclear power in 2011 after the 
tragic tsunami and its aftermath. All but 
one of the 190 wind turbines shaken by 
the earthquake or struck by the tsunami 
resumed operation immediately after and 
contributed to Japan’s power supply dur-
ing the continuing crisis. By the close of 
the year, an expert committee was re-
viewing the basic energy plan and goals 
for wind energy. 
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Table 4. Renewable Energy and Wind Targets  
Reported by Member Countries 
Country Official Target RES Official Target Wind

Australia 45 TWh by 2020 ----

Austria plus 2,000 MW from 2010-
2020

----

Canada ---- ----

China ---- 90 GW (5 offshore) by 2015; 150-
200 GW (30 offshore) by 2020

Denmark 100% renewable energy and 
transport system by 2050

50% by 2020

European 
Commission

20% renewable generation 
by 2020

----

Finland 38% of gross electricity 
consumption by 2020

6 TWh/yr (2.5 GW) in 2020

Germany 35% of electrical energy 
consumption by 2020

10 GW offshore by 2020

Greece 40% of electricity by 2020 ----

Ireland 40% by 2020 ----

Italy 17% by 2020 ----

Japan ---- ----

Korea, Republic of ---- 7.3 GW by 2030

Mexico ---- 1.2 GW by end of 2012; 2% of 
2013 national electric demand

The Netherlands 20% reduction CO2 in 2020 
as compared to 1990 level

----

Norway ---- ----

Portugal 31% of gross energy 
consumption by 2020

6.8 GW onshore, 75 MW offshore 
by 2020

Spain Official network planning of 
29 GW by 2016; 38 GW by 
2020

----

Sweden Increase RES generation by 
25 TWh over 2002 level

30 TWh by 2020

Switzerland ---- 0.6 to 1.2 TWh/yr in 2030

United Kingdom 15% by 2020 ----

United States 80% of electricity from clean 
sources by 2035

----

---- = No official target available

2.2.2 Electrical production

Total national electrical demand for 
2011 increased in eight IEA Wind 
member countries (Canada, China, Ire-
land, Italy, the Netherlands, Norway, 
Sweden, and Switzerland), decreased in 
eight others (Austria, Denmark, Fin-
land, Japan, Portugal, Spain, the United 
Kingdom, and the United States), and 
stayed the same in Australia, Germany, 
Greece, Korea, and Mexico. Electrical 
output from wind energy increased in 

all countries except Portugal and Spain 
in 2011. Output remained the same as 
in 2010 in Portugal and Spain largely 
because of an extremely poor wind year 
in that region.

Wind energy production is higher 
in good wind years and lower in poor 
years. For example, there was a great-
er than expected increase in electric-
ity generation from wind in 2011 in 
the United Kingdom. Onshore wind 
production rose 30% from 7.1 TWh in 

2010 to 10.4 TWh in 2011, partly due 
to increased capacity, but mainly due 
to much higher wind speeds (1.4 knots 
[1 m/s] higher than in 2010). Offshore, 
due to increased capacity and high wind 
speeds, production increased by 68%, 
from 3.0 TWh in 2010 to 5.1 TWh in 
2011.

Calculating a wind index to cor-
rect the annual wind power production 
is becoming more common. These in-
dexes are based on a five-year or ten-
year average wind resource. For exam-
ple, in the Netherlands, the wind index 
(windex) for 2011 was 0.96, meaning 
the wind was slightly less than the aver-
age of 1996-2005. In Norway, the wind 
index for 2011 was 113% resulting in 
an average capacity factor of 31.3% for 
wind plants operating normally. Table 
7 reports the wind resource in 2011 
compared to average as reported by the 
member countries.

New records for wind penetration 
(contribution to electric demand) were 
set in some countries (Table 8). In Ire-
land, wind energy penetration exceeded 
40% in every month of the year reach-
ing 53.5% on a day in December. The 
Irish system operator has a 50% rule-
of-thumb limit for wind penetration. 
In Italy, temporary penetrations in Cic-
ily up to 62% of hourly average power 
have been reported. Improved forecast-
ing methods have been reducing errors 
in forecasting wind, thus helping handle 
larger wind penetrations. In Portugal a 
record penetration of 93% instantaneous 
power and 70% of energy consumption 
was set on 13 November 2011. Spain re-
ported 59.6% of national power demand 
was covered by wind energy early one 
November morning.

2.3 National incentive programs
All member countries have government 
structures designed to encourage devel-
opment of renewable energy. Most also 
apply to wind energy (Table 9). Feed-in 
tariffs (FIT) were used by 16 of the 21 
IEA Wind member countries to encour-
age wind development and are reported 
as very effective tools for encouraging 
development. Also popular with the IEA 
Wind member countries are programs 
that mandate utilities to supply a por-
tion of electricity from renewables. Ten 
countries use these utility obligations, 
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Table 5. Wind Energy Capacity Increases in IEA Wind Member Countries
Country 2010 capacity (MW) 2011 added (MW) Increase (%)

China 44,773 17,631 39

Sweden 2,163 755 35

Canada 4,124 1,298 31

Greece 1,210 343 28

United Kingdom 5,270 1,092 21

Italy 5,797 1,080 19

Ireland 1,415 239 17

Norway 435 76 17

United States 40,267 6,816 17

Australia 1,880 234 12

Mexico 520 50 9

Portugal 3,987 315 8

Austria 1,011 73 7

Germany 27,204 2,007 7

Japan 2,304 167 7

Korea 381 27 7

Switzerland 42 3 7

Denmark 3,802 206 5

Netherlands 2,245 123 5

Spain 20,676 1,050 5

Finland 197 2 0.3

Total 169,703 33,587 20

Bold Italic = estimated

Table 6 Offshore Wind Energy 
Capacity in IEA Wind Member 
Countries
 Country Capacity (MW)

United Kingdom 1,838

Denmark 871

Netherlands 228

Germany 200

China 108

Finland 26

Ireland 25

Japan 25

Norway 2

Portugal 2

Total 3,325

Table 7. Reported Wind Resource Compared to Average
High wind index* Average wind index Low wind index

Norway, and the United 
Kingdom

Australia, Austria, Canada, 
China, Denmark, Finland, 
Germany, Greece, Ireland, 
Italy, Japan, Korea, Mexico, 
Sweden, and the United 
States

The Netherlands, Portugal, 
and Spain

* check country chapters for more detail on the wind resources

renewable obligations, or renewable 
portfolio standards (RPS).  Markets in 
green electricity, often represented by 
certificates is used in eight IEA Wind 
member countries to encourage renew-
able generation, including wind.

Some existing incentive programs 
are at risk of expiring (e.g., the United 
States) or being rescinded (e.g., Portugal) 
due to changes in the political climate 

or in some cases resulting from the fi-
nancial crisis.

Carbon taxes are being discussed in 
several countries. In Australia, a price on 
carbon will begin in mid-2012. The car-
bon price will provide 10 billion AUD 
(7.8 billion EUR) to the Clean Energy 
Finance Corporation, which will pro-
vide loans for clean energy initiatives 
aimed at early stage technologies such as 
geothermal, wave, and large-scale solar 
through the revenue it collects.

In Germany, offshore expansion is 
supported by a 5 billion EUR (6.5 bil-
lion USD) credit program of the gov-
ernment-owned KfW bank. A special 
FIT for offshore wind also applies from 
the time a turbine is connected to the 
grid and for 20 years after. 

2.4 Issues affecting growth
By the end of 2011, about 14 GW of 
projects were reported as under con-
struction, about the same amount that 
was under construction at the close of 
2010. Germany and Greece did not re-
port this number, so it is conservative. 
Planning approval had been granted to 
41 GW. Another 68 GW had applied 
for planning approval and 41 GW had 
received planning approval (Table 10). 
The issues reported as limiting growth 
are being addressed through national re-
search projects, incentive programs, and 
co-operative research projects of IEA 
Wind and other groups.

Most countries listed the econom-
ic climate as having a slowing effect in 
2011 and likely to reduce growth in 
2012. Government programs to in-
crease access to financing, provide larger 
subsidies, and issue targeted grants are 
mentioned as ways to reduce the ef-
fects of this problem. In several coun-
tries, government cost-cutting measures 
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Table 8. Contribution of Wind to 
National Electricity Demand 2011
Country 2010 

demand 
met from 
wind (%)

2011 
demand 
met from 
wind (%) 

Denmark 21.9 28.0

Portugal 17.0 18.0

Spain 16.4 16.3

Ireland 10.5 15.6

Germany 6.0 7.6

Greece 4.0 5.8

Sweden 2.6 4.4

Netherlands 4.0 4.2

United 
Kingdom

2.6 4.2

Austria 3.0 3.6

Italy 2.6 3.0

United States 2.3 2.9

Australia 2.0 2.4

Canada 1.8 2.3

China 1.2 1.6

Norway 0.7 1.0

Mexico 0.6 0.6

Finland 0.3 0.6

Japan 0.4 0.5

Korea 0.2 0.2

Switzerland 0.05 0.1

Bold Italic = estimate

Figure 1. Annual installed capacity, cumulative installed capacity, and annual genera-
tion as reported by IEA Wind member countries, 1995–2011 (Note: China is first 
represented in 2010.)

have targeted funds allocated for incen-
tive programs. Uncertainty about future 
support schemes has slowed markets in 

several countries (Greece, Italy, Portugal, 
Spain, and the United States).

A trend away from nuclear power 
was reported as a result of the Fukushima 
Daiichi disaster early in the year. Govern-
ments of Germany, Japan, and Switzerland 
developed or planned to develop new en-
ergy strategies in 2011, reducing depen-
dence on nuclear power and increasing 
efforts to promote wind energy.

A shortage of onshore wind sites 
was cited in some countries (Denmark, 
Germany, Korea, the Netherlands, and 
the United Kingdom) as a reason to de-
velop offshore wind projects.

In many countries, the electrical 
grids are adapted to the needs of cen-
tralized, large-scale power plants, and 
their capacity is limited to existing gen-
eration and demand. Some of these sys-
tems must absorb large amounts of wind 
power. Curtailment results when the 
grid operators shut down wind plants 
due to bottlenecks in transmission – and 
sometimes also due to stability concerns 
of the grid. Improved forecasting as well 
as grid upgrades are being explored to 
address this problem. 

Delays due to permitting require-
ments have limited wind developments 
in several countries. In Finland, the ef-
fect of wind turbines on radar became 
an issue, so an impartial and transparent 
procedure and scientific tool were de-
veloped to help the Ministry of Defence 
estimate the radar impacts. 

Concern about environmental im-
pacts and social acceptance were also 
mentioned as issues affecting the per-
mitting of new wind projects. IEA Wind 

Task 28 Social Acceptance of Wind En-
ergy Projects is addressing the process 
of wind project development. Research 
projects on environmental impacts are 
underway in most countries. 

3.0 Implementation 
3.1 Economic impact
Wind energy development provides sig-
nificant positive economic impacts. Ta-
ble 11 shows reported effects for 2011 
in the IEA Wind member countries. A 
key impact of wind energy develop-
ment is creating employment and eco-
nomic activity. 

One of the positive effects of wind 
energy is displacing fossil fuel con-
sumption and the related economic 
and environmental costs. Most coun-
tries perform a calculation of avoided 
emissions attributable to wind energy 
and the number of households supplied 
with electricity generated by wind tur-
bines. These calculations are based on 
the generation mix and usage patterns 
of each country reporting. 

3.2 Industry status
The wind industry is growing, and sev-
eral countries make concerted efforts 
to attract wind turbine manufacture to 
their domestic economies. 

3.3 Operational details
The most dramatic demonstration of 
wind plant operation took place in Japan. 
On 11 March 2011, a devastating earth-
quake and tsunami struck the northeast-
ern region of Japan where 190 wind tur-
bines with a total capacity of 270 MW 
were installed. Almost all wind turbines 
survived the earthquake. And, most of 
them restarted soon afterward and con-
tributed to Japan’s power supply during 
the continuing crisis. The Wind Power 
Kamisu Wind Farm was struck by a 5-m-
high tsunami. The SUBARU/Hitachi 
80/2.0 wind turbines with rated power 
of 2.0 MW survived and resumed opera-
tion on 14 March, when the utility grid 
was activated. Due to severe liquefaction 
of the soil near the Kamisu wind farm, 
the foundation of one turbine shifted and 
the turbine became tilted. This was the 
only damage to a wind turbine caused by 
the earthquake, and it has been repaired. 
These results suggest that Japan’s earth-
quake-proof wind turbine construction 
design is very reliable.
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Table 9. Incentive Programs in IEA Wind Member Countries for 2011 into 2012 
Type of program Description Countries implementing 

Feed-in tariff (FIT) An explicit monetary reward for wind-
generated electricity, paid (usually by the 
electricity utility) at a guaranteed rate per 
kilowatt-hour that may be higher than the 
wholesale electricity rates paid by the utility. 

Special definition in Finland and the 
Netherlands: subsidy is the difference 
between a guaranteed price and the 
electricity market price – producers are in 
the electricity markets.

Australia, Austria, Canada, China, 
Denmark, Finland (special definition), 
Germany, Ireland, Italy, Japan (from July 
2012), Korea, the Netherlands (special 
definition), Portugal, Spain, Switzerland, 
United Kingdom (16 countries)

Renewable portfolio standards (RPS), 
renewables production obligation (RPO), 
or renewables obligation (RO)

Mandate that the electricity utility (often the 
electricity retailer) source a portion of its 
electricity supplies from renewable energies. 

Australia, Canada, China, Italy, Japan, 
Korea (2012), Portugal, Sweden, United 
Kingdom, United States (10 countries) 

Green electricity schemes and certificates Customers may purchase green electricity 
based on renewable energy from the electric 
utility, usually at a premium price.

Australia, Austria, Canada, Finland, 
Netherlands, Sweden, Switzerland, United 
States (8 countries)

Capital subsidies Direct financial subsidies aimed at the 
up-front cost barrier, either for specific 
equipment or total installed wind system 
cost.

Canada, Italy, Japan, Korea, Norway, 
United States (expired end of 2011) (6 
countries)

Special planning activities Areas of national interest are officially 
considered for wind energy development.

China, Korea, Mexico, the Netherlands, 
Sweden, Switzerland (6 countries)

Special incentives for small wind Can include microFIT. 

Ireland: Reduced connection costs, 
conditional planning consent exemptions. 
VAT rebate for small farmers. Accelerated 
capital allowances for corporations.

Australia, Canada, Ireland (see left), Italy, 
Japan, United States (6 countries)

Income tax credits Some or all expenses associated with wind 
installation may be deducted from taxable 
income streams.

Canada, Ireland, Mexico, Netherlands, 
United States (5 countries)

Net metering In effect, the system owner receives retail 
value for any excess electricity fed into 
the grid, as recorded by a bidirectional 
electricity meter and netted over the billing 
period.

Canada, Denmark, Italy, Korea, United 
States (5 countries)

Electric utility activities Activities include green power schemes, 
allowing customers to purchase green 
electricity, wind farms, various wind 
generation ownership and financing options 
with select customers, and wind electricity 
power purchase models.

Canada, Sweden, Switzerland, United 
States (4 countries)

Wind-specific green electricity schemes Customers may purchase green electricity 
produced by wind plants from the utility, 
usually at a premium price.

Finland, Sweden, Switzerland, United 
States (4 countries)

Investment funds for wind energy Share offerings in private wind investment 
funds are provided, plus other schemes 
that focus on wealth creation and business 
success using wind energy as a vehicle to 
achieve these ends.

Australia, Canada, Switzerland, and 
United Kingdom 
(4 countries)

Net billing The electricity taken from the grid and 
the electricity fed into the grid are tracked 
separately, and the electricity fed into the 
grid is valued at a given price.

Netherlands (small wind only), Portugal 
(microgeneration only), United States 
(3 countries)
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Sustainable building requirements New building developments (residential 
and commercial) are required to generate 
a prescribed portion of their heat and/or 
electricity needs from on-site renewable 
sources e.g. wind, solar, biomass, 
geothermal. Existing buildings can qualify 
for financial incentives to retrofit renewable 
technologies.

Ireland, Portugal 

Payroll tax credit Developers of renewable energy projects 
with capacities greater than 30 MW may 
receive a rebate for payroll tax (4.95% of 
wages) incurred during project construction.

Australia

Carbon tax Tax on carbon encourages move to 
renewables and provides investment dollars 
for renewable projects. 

Australia

Relief from import tax Large wind turbine technology and related 
components are included on lists of imports 
exempt from customs and import VAT 
charges.

China 

Commercial bank activities Includes activities such as preferential home 
mortgage terms for houses including wind 
systems and preferential green loans for the 
installation of wind systems. 

Switzerland

Special licensing to reduce administrative 
burden

RES plants are exempt from the obligation 
to attain certain licenses; on islands, 
RES plants that are combined with water 
desalination plants get priority.

Greece

Germany’s first offshore wind farm 
alpha ventus fed 267 GWh of energy 
into the German electricity grid in 
2011. This result is 15% greater than the 
amount of energy anticipated for the 
year. It is the result of very good wind 
conditions and turbine availabilities up 
to 97%.

The world’s first full-scale floating 
wind turbine (Hywind concept devel-
oped by Statoil) is operational in Nor-
way. Statoil tested the wind turbine over 
a two-year period and has attained a 
high availability. Hywind has survived 
the heavy storm Berit followed by oth-
er storms with winds over 40 m/s and 
maximum waves over 18 m.

Annual capacity factor, a measure of 
wind plant productivity, is being report-
ed by several countries. It is the amount 
of energy the plant produces over the 
year divided by the amount of energy 
that would have been produced if the 
plant had been running at full capacity 
during that same time interval. For wind 
turbines, capacity factor is dependent 
on the quality of the wind resource, the 
availability of the machine (reliability) 
to generate when there is enough wind, 
and the accuracy of nameplate rating 
versus rotor size. Capacity factor will be 

reduced if the utility curtails production. 
Most wind power plants operate at a ca-
pacity factor of 25% to 40%. Table 12 
shows average capacity factors reported 
from the IEA Wind member countries. 
For reference, world average capacity 
factor for wind has been estimated at 
21% (IEEE 2012); highest capacity fac-
tor reported offshore: Horns Rev Den-
mark 46.7% (http://www.4coffshore.
com/windfarms/horns-rev-2-denmark-
dk10.html); highest capacity factor re-
ported onshore: Burradale, Shetland Is-
lands 57.9% (http://www.reuk.co.uk/
Burradale-Wind-Farm-Shetland-Islands.
htm).

3.4 Wind energy costs
Costs have remained fairly stable in 
2010 and 2011. Table 13 shows report-
ed turbine costs in 2011, and Figure 2 
shows trends of reported installed costs 
for wind projects by country. 

4.0 R, D&D Activities
In 2010, IEA published the Technol-
ogy Roadmap for Wind Energy (IEA 
2010). That roadmap targets 12% of 
global electricity from wind power by 
2050 and finds no fundamental bar-
rier to achieving that goal. Significant 

investments will be required to reach 
that goal. For its part, the Executive 
Committee of IEA Wind updated its 
strategic plan in conjunction with the 
Technology Roadmap (IEA Wind 
2011). In 2012, IEA Wind will publish 
an updated plan for long-term R&D 
needs to guide its work. 

4.1 National R, D&D efforts
The major research areas discussed in 
the individual country chapters are listed 
in Table 14. The country chapters con-
tain references to recent reports and da-
tabases resulting from this research. One 
clear trend is that most countries with 
shorelines reported a high priority on 
research to support offshore wind tech-
nology (Denmark, China, Finland, Ger-
many, Italy, Japan, Korea, the Nether-
lands, Norway, Portugal, Spain, Sweden, 
the United Kingdom, and the United 
States). Table 15 lists government bud-
gets reported by some countries.

In the EU, around 20 wind R&D 
projects were running in 2011 with the 
support of the Sixth (FP6) and Seventh 
(FP7) Framework Programmes of the 
EU (the Framework Programmes are 
the main EU-wide tool to support stra-
tegic research areas). 
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Table 10. Potential Increases to Capacity IEA Wind Member Countries 
Country Planning 

application* 
(MW)

Planning 
approval** 
(MW)

Under 
construction*** 
(MW)

Total planned 
and/or under 
construction 
(MW)

Australia 8,745 5,269 1,270 15,284

Austria 300 400 327 1,100

Canada (by 2015) --- --- --- 5,000 

China 42,000 18,000 --- 60,000

Denmark --- --- 400 400

Finland 514 80 21 615

Germany --- --- --- ---

Greece --- --- --- ---

Ireland 1,500 500 200 2,200

Italy 2,300 --- 500 2,800

Japan --- 500 221 721

Korea --- --- 420 420

Mexico --- 1,900 538 2,438

Netherlands --- --- --- 1,703

Norway 4,366 2,060 258 6,684 

Portugal --- 11.6 240 252

Spain --- 911 993 1,904

Sweden --- 2,762 499 3,261

Switzerland 600 2 2 604

United Kingdom 8,079 9,141 --- 17,220

United States --- --- 8,300 8,300

Totals 68,404 41,536.6 14,189 130,906

--- = No data available
* All papers have been submitted to official planning bodies
** Projects have been approved by all planning bodies..
*** Physical work has begun on the projects.

4.1.1 New test and research facilities 

Several important new research centers 
were opened, under construction, or be-
ing planned in 2011. For more informa-
tion on test centers, please refer to the 
country chapters and to the chapter 
from the European Commission/Euro-
pean Wind Energy Association.

Denmark is planning a national on-
shore test facility for wind turbines up 
to 250 m and an offshore center for test-
ing wind turbine nacelles of 10 MW. 

In Germany, research at the alpha 
ventus test site continued with 45 or-
ganizations including universities, insti-
tutes, and companies from around the 
world. The rotor blade test center at 
Bremerhaven now has a test stand for 
90-m as well as a 70-m blades. Also in 

Bremerhaven, a drive train test center 
for research on gearless turbines is un-
der construction. A test center for re-
search on offshore support structures is 
in the planning stages at the University 
of Hannover. 

In Spain, an experimental onshore 
wind farm located in complex terrain 
has six calibrated positions to install 
prototypes of large wind turbines up to 
5 MW. A deep-sea offshore test station 
will test new technology and stimulate 
collaboration among major research 
centers, the industry, and universities. 
And, an open sea test facility can test 
full-scale prototypes as single devices 
or arrays to assess and monitor perfor-
mance. A small wind test site can per-
form tests needed for certification.

In the United Kingdom, the offshore 
wind test facility at the New and Renew-
able Energy Centre (NAREC) will open 
in 2013 an open access, wind turbine 
drive train test rig that can test complete 
drive trains and nacelles up to 15 MW. 
There are also plans to open another off-
shore wind turbine centre, in Scotland, 
near Aberdeen (European Offshore Wind 
Deployment Centre).

The U.S. government opened a new 
large blade test facility equipped to test 
two blades up to 90 m long. It also in-
stalled four megawatt-scale turbines for 
testing at the National Wind Technol-
ogy Center. Construction began on a 
5-MW dynamometer test facility that 
can simulate wind loads in six degrees 
of freedom and can simulate grid con-
nection for tests of low-voltage ride-
through, response to faults, and reac-
tion to other abnormal grid conditions. 
Another large drive train test facility is 
being built that will have 7.5-MW and 
15-MW dynamometers. A new turbine 
test site will be built in Texas to improve 
turbine reliability and train engineers.

4.1.2 Highlights of research 

For more information on research un-
derway or completed in 2011, please 
refer to the country chapters and to the 
chapter from the European Commission 
and European Wind Energy Association. 

To maintain acceptable sound levels, 
a research consortium in Germany test-
ed sound absorber systems to formulate 
recommendations for sound mitigation 
strategies. Australia is reviewing the liter-
ature on the health effects of wind proj-
ects and is updating the Wind Industry 
Best Practice Technical Guidelines de-
veloped for Australia. 

To meet the increasing global de-
mand for ice-free turbines, a next-gen-
eration blade heating system has been 
developed in Finland, and further devel-
opment is ongoing. 

Floating wind turbines suitable for 
use in deep waters are being explored 
in several countries. The United States is 
working on models and prototypes of 
floating wind turbines. Norway and the 
United States are working with SWAY 
AS to collect and analyze data for a 
1/5-scale prototype floating wind turbine 
deployed in Norway. Portugal and the 
United States are working to assess the 
WindFloat, 2-MW demonstration project 
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Table 11. Capacity in Relation to Estimated Jobs and Economic Impact 
Country Capacity (MW) Estimated 

number of jobs
Economic impact

(million EUR; million USD)

China 62,364 260,000 ---

United States 46,919 75,000 14,450; 18,698

Germany (a) 29,075 101,100 8,910; 11,530

Spain 21,673 16,970 2,894; 3,744

Italy 6,878 30,000 1,800; 2,329

United Kingdom 6,470 --- ---

Canada 5,265 20,000 2,271; 2,938

Portugal 4,302 3,200 1,283; 1,660

Denmark 3,952 25,000 7,400; 9,575

Japan 2,501 2,500 1,800; 2,329

Netherlands 2,368 2,100 740; 957

Australia 2,224 2,000 912; 1,180

Sweden 2,899 --- ---

Ireland 1,633 1,500 500; 647

Greece 1,640 1,800 ---

Austria 1,084 3,300 500; 647

Mexico 570 1,500 208; 269

Norway 511 --- --- 

Korea 406 1,103 1,092; 1,413

Finland 199 2,000 780; 1,009

Switzerland 46 12,600 1,400; 1,811

Total 202,979 561,673

--- = No data available
(a)  Turnover of all wind turbine producers and component suppliers in 2011 (BMU  
http://www.erneuerbare-energien.de/erneuerbare_energien/downloads/doc/48501.php)

Table 12. Reported Average 
Capacity Factors (%)
Country Average  

capacity factor

Australia ---

Austria ---

Canada 31.0%

China ---

Denmark 28.4%

Finland 28.0%

Germany 19.0%

Greece ---

Ireland 31.6%

Italy 18.0%

Japan 19.0%

Korea ---

Mexico 30.0%

Netherlands ---

Norway 31.3%

Portugal 26.0%

Spain ---

Sweden ---

Switzerland 20.0%

United Kingdom onshore 27.4%
offshore 36.7%

United States 33%

--- = No data available

that supports a Vestas V80 turbine with a 
semisubmersible support structure.

Reducing the cost of offshore wind 
has been advanced by results in the 
United Kingdom. The UK Carbon Trust 
Offshore Wind Accelerator collaborative 
achieved some milestones in 2011. Thir-
teen leading designs were selected for 
funding from 450 entries in a competi-
tion for improved crew transfer vessels. 
These should allow maintenance to take 
place in much harsher sea states than is 
possible today, increasing availability. An-
other engineering design study confirmed 
the potential for higher voltage (66 kV) 
intra-array cables to reduce the cost of 
energy. The first of four foundation de-
sign finalists was demonstrated when the 
Keystone ‘twisted jacket’ was installed in 
the Hornsea zone, 100 km offshore in 30 
m water to support a met mast. Two new 
wake effects models that forecast wind 

farm yields are also being developed to 
reduce financing costs and allow for more 
efficient wind farm layouts.

Improving the ability to integrate 
large amounts of wind power, Ireland's 
program for Delivering a Secure Sustain-
able Power System concluded that in-
stantaneous wind penetration between 
60 to 80% could be accommodated on 
the system if the correct measures are 
implemented. The program is develop-
ing tools to make such penetration levels 
sustainable. 

In China, the State Grid Energy Re-
search Institute and Vestas Wind Tech-
nology (China) Co., Ltd. responded to 
power production incidents, by con-
ducting research and issuing a compre-
hensive strategy for wind power and 
grid coordinate development in China.

To improve wind turbine tech-
nology, the Chinese research program 

used a multi-objective optimum design 
method applied during R&D and the 
resulting prototype turbines of 3.6 MW, 
5.0 MW, and 6.0 MW began tests in 
2011. These wind turbines are direct-
drive, permanent-magnet, or double-fed. 
These turbines have compact type drive 
train systems and advanced control tech-
nology to reduce loads, improve reliabil-
ity, and increase performance.

Small wind turbines are attracting 
considerable interest in research pro-
grams. In Austria, several projects are un-
derway addressing issues of small wind 
turbine deployment and operation. Ire-
land continued field trials of small wind 
turbines and will make the data available 
to researchers in 2012. Italy completed 
a state-of-the-art report on small wind 
turbines based on monitoring data at 
different sites in Italy. Japan built a new 
field test site for small wind turbines in 
Rokkasho, Aomori. The Japan Small 
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Table 13. Estimated Average Turbine Cost and Total Project  
Cost for 2011
Country Turbine cost (EUR/kW*) Total installed cost (EUR/kW*)

Australia 870 to 1,570 1,300 to 2,670 

Austria 1,400 to 1,800 1,600 to 1,900 

Canada --- 1,892

China 468 861 to 984

Denmark --- onshore 1,030; 
offshore 2,680

Finland --- ---

Germany --- onshore 1,336 to 1,756; 
offshore 3,323 to 3,561

Greece  1,050 ---

Ireland 1,000 1,600 to 2,100

Italy 1,200 1,750

Japan 1,980 2,970

Korea --- ---

Mexico 1,100 to 1,200 1,500

Netherlands --- onshore 1,325; 
offshore 3,200

Norway --- ---

Portugal 900 to 1,000 1,400

Spain  820 1,000 to 1,400

Sweden 1,400 1,600

Switzerland 1,450 2,100

United Kingdom  --- ---

United States 818 to 1,004 1,562

*Applicable conversion rate to USD: 1.294
--- = No data available

Wind Turbine Association issued a small 
wind turbine performance standard 
in 2011, and type certification of small 
wind turbines began in Japan. 

4.2 Collaborative research 
The collaborative research conducted by 
organizations in the IEA Wind mem-
ber countries made significant progress 
in 2011. Final reports and recommen-
dations were issued on wind energy in 
cold climates, cost of wind energy, la-
beling small wind turbines, social ac-
ceptance of wind energy projects, and 
analysis of wind tunnel measurements 
and improvement of aerodynamic mod-
els. These and other reports are available 
on the IEA Wind public website: www.
ieawind.org.

Task 11 Base Technology Informa-
tion Exchange held three Topical Expert 

Meetings on the following topics: Inter-
national statistical analysis on wind tur-
bine failures; Offshore foundation tech-
nology and knowledge (shallow, middle, 
and deep waters); and Long-term R&D 
needs on wind power. In 2011, the pro-
ceedings were released to the public 
from 2010 meetings on Wind Condi-
tions for Wind Turbine Design; High 
Reliability Solutions & Innovative Con-
cepts for Offshore Wind Turbines; Mi-
crometeorology inside Wind Farms and 
Wakes between Wind Farms; and Wind 
Farms in Complex Terrain. In 2011 a 
new Recommended Practices on “Con-
sumer Label for Small Wind Turbines” 
was edited and approved by the Execu-
tive Committee. A new procedure for 
developing and issuing IEA Wind Rec-
ommended Practices in cooperation 
with the ongoing Task, was elaborated 

and approved at the executive commit-
tee meeting #67 in Amsterdam.

Task 19 Wind Energy in Cold 
Climates continued its work shar-
ing information among its eight coun-
try participants on wind turbine so-
lutions for cold-climate applications, 
including blade heating technologies, 
ice detection, and anti-icing strategies. 
Participants are preparing a public rec-
ommended practices document, Wind 
Performance and Load Conditions of 
Wind Turbines in Cold Climates, to 
summarize the best available practices 
for the development and construction 
of wind farms at cold-climate sites. The 
work of this task will likely be extended 
for another term. In 2011 a new Rec-
ommended Practices on “Consumer La-
bel for Small Wind Turbines” was edited 
and approved by the Executive Com-
mittee. A new procedure for developing 
and issuing IEA Wind Recommended 
Practices in cooperation with the ongo-
ing Task, was elaborated and approved at 
the executive committee meeting #67 
in Amsterdam.

Task 25 Power Systems with Large 
Amounts of Wind Power now has 16 
country participants and serves as an 
international forum on the topic. Col-
laboration with system operators in task 
meetings and through the International 
Council on Large Electric Systems (CI-
GRE) is important for the task. Task 
25 participants have published several 
collaborative articles for journals and 
conferences, regarding reserve require-
ments due to wind power, modeling 
wind power in the unit commitment 
and dispatch, transmission planning with 
wind, experience in frequency control, 
and analyses of variability of large scale 
wind power production. Task 25 has 
collaboration with the IEA Secretariat's 
analysis project GIVAR (Grid integra-
tion of variable renewables) to develop 
a simplified assessment of wind integra-
tion efforts and power system flexibility. 
Participants have also started work on a 
recommendation report to compile the 
best practices and instructions on how 
to perform an integration study. The 
work of this task was approved for its 
third phase to begin in 2012.

Task 26 Cost of Wind Energy be-
gan work in 2009 to develop an inter-
nationally accepted, transparent method 

Executive Summary
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Figure 2. Average installed costs of wind turbines 2007–2011 as reported by IEA Wind member 
countries. Costs are not adjusted.

for calculating the cost of wind energy. 
Its first report was released in 2010. In 
2011, the eight participating countries 
issued the second report, which high-
lighted the importance of considering 
levelized cost of energy relative to an 
exclusive look at capital costs or per-
formance, discussed the strengths and 
weaknesses of the existing methods 
that have been applied to forecast fu-
ture wind energy costs, and summarized 
technical sources of future cost reduc-
tions described in the literature. This task 
is expected to continue work for anoth-
er term.

Task 27 Development and Deploy-
ment of Small Wind Turbine Labels for 
Consumers is organized to increase the 
use of common methodologies for test-
ing small wind turbines that can quickly 
provide feedback and know-how to de-
velop international standards in the area 
of quality and performance. In 2011, 
an international sector guide, Recom-
mended Practice for Consumer Label-
ing of Small Wind Turbines was issued 
as an IEA Wind document. In addition, 
Task 27 is assembling a small wind tes-
ter association that will work to increase 
the number of accredited test facilities 
of small wind turbines. The work of this 
task is expected to continue for another 
term.

Task 28 Social Acceptance of Wind 
Energy Projects is translating the find-
ings of social scientists into the language 
of planners and engineers to improve the 
process of bringing wind energy projects 
to completion. Ten countries now par-
ticipate in this task. A library of resource 
documents has been assembled and par-
ticipants contributed to The State of the Art 
on Social Acceptance of Wind Energy Projects, 
published in 2010. The second report, on 
Good Practice Recommendations was 
written in 2011 and will be issued along 
with a final report in 2012. It is likely the 
work of this task will be continued for 
another term.

Task 29 Analysis of Wind Tun-
nel Measurements and Improvement of 
Aerodynamic Models is working with 
existing wind tunnel data sets from the 
EU MEXICO project, the NASA-
Ames experiment, and others to im-
prove aerodynamic models used to de-
sign wind turbines. Improving these 
models should result in more durable, 
productive wind turbines. Ten countries 
have representative researchers partici-
pating in this task. Analyses of the da-
tabases were published in journals and 
presented at conferences and in a final 
report available at www.ieawind.org. 
Additional work will be proposed for a 
continued project in 2012.

Task 30 Offshore Code Compari-
son Collaboration Continuation (OC4) 
is working to improve the accuracy of 
existing computer codes and models for 
estimation of structural loads for offshore 
wind turbine foundations. Using a base-
line jacket design, sixteen organizations 
ran the planned simulations. Simulation 
results were presented in the Internet 
meetings, and the reasons for discrepancies 
between the results have been discussed. 
Comparison of the results has been made 
through component masses, system ei-
genfrequencies, static loads, time histories, 
spectra, statistics, and damage equivalent 
loads. Several rounds of revisions to codes 
have been made by the participants in 
an attempt to converge to similar values. 
Simulations will be run and compared for 
the DeepCwind semi-submersible design 
in 2012.

Task 31 WAKEBENCH: Bench-
marking of wind farm flow models 
was approved as a task in 2010. The 
Task provides a forum for industrial, 
governmental, and academic partners 
to develop and define quality-check 
procedures, as well as to improve at-
mospheric boundary layer and wind 
turbine wake models for use in wind 
energy. The work will identify and 
quantify best practices for using these 
models under a range of conditions, 
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Table 14. Reported Research Activities in IEA Wind Member Countries
Type of program Country activities reported IEA Wind co-operative activities in 2011

Offshore wind Technology development and testing for turbines 
including turbines up to 10 MW and foundations 
(fixed and floating), design work, drive train 
advances, transmission issues, bigger blades, 
resource assessment, and reliability of operations 
and maintenance.

Task 30 Comparison of Dynamic Codes and Models 
for Offshore Wind Energy (structures)

Wind farm modeling Data acquisition and model development at alpha 
ventus offshore test site.

Task 31 WAKEBENCH: Benchmarking of Wind Farm 
Flow Models

Small wind Technology development and testing of turbines 
generating 50 kW or less; investigation of legal and 
social issues; tools for siting in urban settings. 

Task 27 Small Wind Turbine Labels for Consumers in 
conjunction with IEC MT2 standards work

Mid-sized wind Technology development of turbines between 50 kW 
and 1 MW.

Technology 
improvements

Two-bladed rotors, upwind and downwind designs, 
blade materials and design work, control systems. 

Resource 
assessment, 
mapping, and 
forecasting

Measurement programs and model development to 
assess and map the wind resource; remote sensing 
programs and techniques; wind atlas development; 
work on forecasting techniques; implementation of 
predictions of wind energy generation.

Task 11 Base Technology Information Exchange: 
Topical Expert Meetings “Remote Wind Speed 
Sensing Techniques using SODAR and LIDAR” 

Task 32 LIDAR: Wind lidar systems for wind 
energy deployment and work to develop IEA Wind 
Recommended Practices for using SODAR and LIDAR 
for Wind Measurements

Environmental issues Developing assessment procedures and conducting 
assessments in sensitive areas. Includes wildlife 
impacts, sound propagation, impacts on radar 
systems.

Task 11 Base Technology Information Exchange: 
Topical Expert Meeting “Radar Radio and Links with 
Wind Turbines” and “Sound Propagation Models and 
Validation” 

Social impacts Developing techniques for assessment and 
mitigation of negative attitudes toward wind projects 
to improve permitting and approval processes.

Task 28 Social Acceptance of Wind Energy Projects 
and Task 27 Small Wind Turbine Labels for Consumers 
Recommended Practice for Consumer Labeling of 
Small Wind Turbines. 

Cold climate, severe 
conditions, and 
complex terrain

Assessing effects of cold on production, mitigating 
ice formation, design for lightning, turbulence, and 
high winds.

Task 19 Wind Energy in Cold Climates and work 
to develop IEA Wind Recommended Practice on 
Calculation of Performance and Load Conditions for 
Wind Turbines in Cold Climates

Building domestic 
industry

Support to domestic turbine or component 
developers to optimize manufacture and develop 
supply chain. 

Test centers Increase or enhance public/private test centers for 
design and endurance testing of wind turbines and 
components including blades, gearboxes, control 
systems, wake effects, etc.

Task 29 Analysis of Wind Tunnel Measurements and 
Improvement of Aerodynamic Models

Reducing and 
assessing costs

Wind turbine research and design to reduce 
manufacturing costs and operation and maintenance 
costs; improvement of modeling tools used for wind 
turbine design; development of condition monitoring 
systems for efficient operations.

Task 26 Cost of Wind Energy; work to draft IEA 
Wind Recommended Practice for Calculating Cost; 
Task 29 Analysis of Wind Tunnel Measurements and 
Improvement of Aerodynamic Models; Task 30 OC4; 
and Task 31 WAKEBENCH; Task 33: Reliability Data: 
Standardization of Data Collection for Wind Turbine 
Reliability and Maintenance Analyses

Integration with 
electric power 
systems

Model and measure impacts of wind generation on 
the power supply system and develop strategies 
to minimize costs, including use of storage and 
demand management

Task 25 Power Systems with Large Amounts of Wind 
Power 

Innovative concepts Vertical axis, hydraulic drive, kites, airships, etc.
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Table 15. National R&D Budgets for Wind Energy 2010  
and 2011 for Reporting Countries
Country R&D Budget 2010

(in million EUR; million USD)
R&D Budget 2011

(in million EUR; million USD)

Canada --- 6.00; 7.76

Denmark* 134.00; 173.00 134.00; 173.00

Finland 4.00; 5.20 10.00; 12.90

Germany 53.00; 71.40 77.00; 99.60

Ireland 0.30; 0.40 0.30; 0.40

Italy 3.00; 4.03 3.00; 4.03 

Japan 44.72; 58.72 56.60; 74.32

Netherlands 38.00; 51.07 7.08; 9.15

Norway 54.00; 72.58 54.00; 72.58

Spain 150.00; 115.91 150.00; 115.91

Sweden** 10.80; 14.51 10.80; 14.51

Switzerland 0.41; 0.53 0.41; 0.53

United States 59.52; 80.00 59.52; 80.00 

*For energy technologies
**Swedish Energy Agency part of National R&D budget

both onshore and offshore, from flat to 
very complex terrain. In 2012, 30 or-
ganizations from 16 IEA Wind member 
countries have attended planning meet-
ings and will join the task.

Task 32 LIDAR: Wind Lidar Sys-
tems for Wind Energy Deployment was 
approved in late 2011. Remote sensing 
has the potential to increase the accura-
cy and reduce the cost of wind resource 
assessment and wind farm operation. 
This task is designed to provide an in-
ternational information exchange on li-
dar technology, so researchers can follow 
the new commercial lidar systems. Their 
potential will be assessed through work 
between the research community and 
the industry. At the close of 2011, 17 
institutions from 8 countries have ex-
pressed interest in joining the task.

Task 33 Reliability Data: Standard-
izing Data Collection for Wind Turbine 
Reliability, Operation and Maintenance 
Analyses was approved late in 2011. 
Collection, processing and analysis of 
wind turbine reliability and failure sta-
tistics is crucial to developing opera-
tions and maintenance strategies that 
minimize costs. The work will apply the 
experience of reliability analyses and 
failure statistics to determine common 

terminologies, prepare formats and 
guidelines for data collection, and set up 
procedures for analysis and reporting. 
The expected outcome is the formula-
tion of guidelines for data collection, da-
ta structure, and data analyses for overall 
wind turbine failure statistics.

5.0 The Next Term
Wind power is firmly established as a 
viable option for increasing green elec-
tricity production, and continued in-
creases in capacity are expected in 2012. 
The co-operative research efforts of IEA 
Wind will publish significant reports on 
integration of large amounts of wind 
power, cost of wind energy, labeling of 
small wind systems, social acceptance of 
wind energy projects, and aerodynamic 
models and wind tunnel data. 

China, Denmark, Finland, Germany, 
Japan, the Netherlands, Norway, Portu-
gal, the United Kingdom, and the Unit-
ed States will expand their efforts to de-
velop offshore wind technology through 
research, demonstrations, and financial 
incentives.

IEA Wind Recommended Practices 
will be published on good practices for 

gaining social acceptance of wind energy 
projects and remote sensing techniques 
for wind power development. The work 
of the IEA Wind research tasks should 
support efforts worldwide to increase the 
contribution of wind energy.
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Implementing Agreement  1

1.0 Introduction
ational governments agree to 
participate in the IEA Wind 
Implementing Agreement so 

that their researchers, utilities, compa-
nies, universities, and government de-
partments may benefit from the active 
research tasks and information exchange 
of the group. Parties in member coun-
tries should contact their country repre-
sentative listed at www.ieawind.org IEA 
Wind Members about ways to benefit 
from the IEA Wind research tasks. 

Under the auspices of the Inter-
national Energy Agency (IEA*), the 
Implementing Agreement for Co-op-
eration in the Research, Development, 
and Deployment of Wind Energy Sys-
tems (IEA Wind†) is a collaborative 

N

* The IEA was founded in 1974 within the framework of the Organization for Economic Co-operation and Development (OECD) to col-
laborate on international energy programs and carry out a comprehensive program about energy among member countries. The 28 OECD mem-
ber countries, non-member countries, and international organizations may participate. For more information, visit www.iea.org. 

† The IEA Wind implementing agreement functions within a framework created by the International Energy Agency (IEA). Views and find-
ings in this Annual Report do not necessarily represent the views or policies of the IEA Secretariat or of its individual member countries.

venture among 25 contracting parties 
from 20 member countries, the Chinese 
Wind Energy Association (CWEA), the 
European Commission, and the Euro-
pean Wind Energy Association (EWEA) 
(Table 1). Since it began in 1977, partici-
pants have worked together to develop 
and deploy wind energy technology 
through vigorous national programs and 
through co-operative international ef-
forts. They exchange the latest informa-
tion on their continuing and planned 
activities and participate in selected IEA 
Wind research tasks.

This, the thirty-fourth IEA Wind 
Annual Report, lists accomplishments in 
2011. The Executive Summary com-
piles information from all countries and 
tasks to highlight important statistics and 

trends. Activities completed in 2011 and 
planned for 2012 are reported for the 
overall agreement (Chapter 1) and for 
the research tasks (Chapters 2 through 
12). Member country chapters (Chap-
ters 14 through 34) describe activities 
in the research, development, and de-
ployment of wind energy in their coun-
tries during the year just ended. The 
IEA Wind 2011 Annual Report is pub-
lished by PWT Communications, LLC 
in Boulder, Colorado, United States, 
on behalf of the IEA Wind Executive 
Committee (ExCo). 

In 2011, IEA Wind published two 
final technical reports, issued a new 
recommended practice, approved the 
Update 2011 of the Strategic Plan for 
2009–2013, extended four research 
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Table 1. Participants in IEA Wind in 2011
Country/Organization Contracting Party to Agreement

Australia Clean Energy Research Institute

Austria Republic of Austria

Canada Natural Resources Canada

Denmark Ministry of Business and Economic Aff airs, Danish 
Energy Authority

European Commission The European Commission

Finland The National Technology Agency of Finland, TEKES

Germany Federal Ministry for the Environment, Nature 
Conservation and Nuclear Safety

Greece Center of Renewable Energy Resources (CRES)

Ireland Sustainable Energy Ireland

Italy RSE S.p.A. and ENEA

Japan National Institute of Advanced Industrial Science (AIST)

Korea Government of Korea

Mexico Instituto de Investigaciones Electricas (IIE)

Netherlands The Netherlands Agency

Norway Norwegian Water Resources and Energy Directorate 
(NVE) and Enova SF

Portugal National Laboratory of Energy and Geology (LNEG)

Spain Centro de Investigaciónes Energetícas 
Medioambientales y Tecnológicas (CIEMAT)

Sweden Swedish Energy Agency

Switzerland Swiss Federal Offi  ce of Energy

United Kingdom Department of Energy and Climate Change (DECC)

United States U.S. Department of Energy

Sponsor Participants

CWEA Chinese Wind Energy Association

EWEA European Wind Energy Association

tasks, and approved two new research 
tasks to support the economic deploy-
ment of wind energy systems.

In conjunction with Executive 
Committee meetings, experts from the 
IEA Wind research tasks and from some 
member countries, conduct workshops 
for local industry and research actors. 
In 2011, local industry encounters were 
held in Amsterdam, the Netherlands and 
Dublin, Ireland.

2.0 Collaborative Research
Participation in research tasks (Table 2) 
is open to any organization located in 
member countries of IEA Wind (Table 
1). Member countries choose to par-
ticipate in tasks that are most relevant 
to their current national research and 

development programs. A lead organiza-
tion in each country must agree to the 
obligations of task participation (pay a 
common fee and agree to perform spec-
ified parts of the work plan). In 2011, 
member countries continued work on 
nine tasks and approved the start of two 
new research tasks. Research tasks are 
approved by the ExCo as numbered an-
nexes to the Implementing Agreement 
text. Additional tasks are planned when 
new areas for co-operative research are 
identified by members. 

Progress of the co-operative research 
tasks is reported in Chapters 2 through 
12 of this Annual Report. Tasks are re-
ferred to by their annex number. The 
numbers of active tasks are not sequen-
tial because some tasks are extended 

and some have been completed and 
do not appear as active projects. Task 
31 WAKEBENCH: Benchmarking of 
Wind Farm Flow Models was approved 
late in 2010 to begin work in 2011. 
Task 32 LIDAR: Wind Lidar Systems 
for Wind Energy Deployment was ap-
proved to begin work in 2011. Task 33 
Reliability Data: Standardizing Data 
Collection for Wind Turbine Reliability 
and Operation and Maintenance Analy-
ses was approved to begin work in 2012.

The combined effort devoted to a 
task is typically the equivalent of several 
people working full-time for a period of 
three years. Each participant has access 
to research results many times greater 
than could be accomplished in any one 
country. Some tasks have been extended 
so that work can continue. Some proj-
ects are cost-shared and carried out in 
a lead country. Other projects are task-
shared, in which the participants con-
tribute in-kind effort, usually in their 
home organizations, to a joint research 
program coordinated by an operating 
agent (OA). In most projects each par-
ticipating organization agrees to carry 
out a discrete portion of the work plan. 
Research efforts of each country are re-
turned many times over. The following 
statistics reported by the task OAs show 
the benefit of co-operative research.

•	Task	 24	 Integration	 of	 wind	 and	
hydropower systems (completed in 
2010) Contribution per participant: 
16,430 USD (11,797 euro [EUR]) 
plus in-kind effort. Total value of 
shared labor received: 6.24 million 
USD (4.48 million EUR)
•	Task	25	Power	systems	with	large	
amounts of wind energy Contri-
bution per participant: 7,002 euro 
(9,747 U.S. dollars [USD]) plus in-
kind effort over 3 years. Total value 
of shared labor received: 9.53 mil-
lion euro (13.26 million USD)

By the close of 2011, 20 tasks had 
been successfully completed and two 
tasks had been deferred indefinitely. Fi-
nal reports of tasks are available through 
the IEA Wind Web site: www.ieawind.
org. Table 3 shows participation by 
members in active research tasks in 2011.

To obtain more information about 
the co-operative research activities, con-
tact the OA representative for each task 
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Table 2. Active Cooperative Research Tasks (OA indicates operating agent that manages the task)
Task 11 Base Technology Information Exchange 

OA: Vattenfall, Sweden (1987 to 2008) changed to CENER, Spain (2009-2012)

Task 19 Wind Energy in Cold Climates 
OA: Technical Research Centre of Finland - VTT (2001 to 2011)

Task 25 Power Systems with Large Amounts of Wind Power
OA: Technical Research Centre of Finland – VTT, Finland (2005 to 2011) 

Task 26 Cost of Wind Energy
OA: NREL, United States (2008 to 2011)

Task 27 Consumer Labeling of Small Wind Turbines
OA: CIEMAT, Spain (2008 to 2011)

Task 28 Social Acceptance of Wind Energy Projects
OA: ENCO Energie-Consulting AG, Switzerland (2007 to 2011)

Task 29 Mexnex(T): Analysis of Wind Tunnel Measurements and Improvement  
of Aerodynamic Models
OA: ECN, the Netherlands (2008 to 2011)

Task 30 Offshore Code Comparison Collaborative Continuation (OC4)
OA: NREL, the United States and Fraunhofer IWES, Germany (2010 to 2013)

Task 31 WAKEBENCH: Benchmarking of Wind Farm Flow Models
OA: CENER, Spain and NREL, United States (2011 to 2013)

Task 32 Lidar: Wind Lidar Systems for Wind Energy Deployment
OA: ForWind Center for Wind Energy Research, Germany (2011-2014)

Task 33 Reliability Data: Standardizing Wind Data Collection for Wind Turbine Reliability and Operation and 
Maintenance Analyses
OA: Fraunhofer Institute For Wind Energy and Energy System Technology (IWES), 2012-2014)

listed in Appendix B, or visit www.
ieawind.org (follow the links to indi-
vidual Task Web sites or check the IEA 
Wind Members tab). 

3.0 National Programs
The national wind energy programs of 
the participating countries are directed 
toward the evaluation, development, and 
promotion of wind energy technology. 
Overall statistics and highlights of na-
tional program activities are presented in 
the Executive Summary of this Annual 
Report. Individual country activities are 
presented in Chapters 13 through 34. 

4.0 Executive  
Committee (ExCo)
Overall control of information exchange 
and of the R&D tasks is vested in the 
ExCo. The ExCo consists of a member 
and one or more alternate members 
designated by each participating govern-
ment or international organization that 
has signed the IEA Wind Implement-
ing Agreement. Most countries are rep-
resented by one contracting party that 
is a government department or agency. 
Some countries have more than one 

contracting party in the country. Inter-
national organizations may join IEA 
Wind as sponsor members. The con-
tracting party may designate members 
or alternate members from other orga-
nizations in the country. 

The ExCo meets twice each year 
to exchange information on the R&D 
programs of the members, to discuss 
work progress on the various tasks, and 
to plan future activities. Decisions are 
reached by majority vote or, when fi-
nancial matters are decided, by unanim-
ity. Members share the cost of admin-
istration for the ExCo through annual 
contributions to the Common Fund. 
The Common Fund supports the efforts 
of the Secretariat and other expendi-
tures approved by the ExCo in the an-
nual budget, such as preparation of this 
Annual Report and maintenance of the 
ieawind.org website.

Officers
In 2011, Hannele Holttinen (Finland) 
served as chair. Joachim Kutscher (Ger-
many) and Jim Ahlgrimm (United 
States) served as Vice Chairs. 

Participants
In 2011, there were several personnel 
changes among the members and alter-
nate members representing their organi-
zations. (See Appendix B IEA Wind Ex-
ecutive Committee for members, alter-
nate members, and OA representatives 
who served in 2011.) For the latest and 
most complete ExCo member contact 
information, please click the IEA Wind 
Members tab at www.ieawind.org.

Meetings
The ExCo met twice in 2011 to review 
ongoing tasks, plan for new tasks, and 
report on national wind energy research, 
development, and deployment activities 
(R,D&D). The first meeting of the year 
was devoted to reports on R&D ac-
tivities in the member countries and in 
the research tasks. The second meeting 
was devoted to reports from member 
countries and tasks about deployment 
activities.

The 67th ExCo meeting was hosted 
by the Netherlands in Amsterdam 12–14 
April 2011. Representative from 16 of 
the contracting parties attended, along 
with nine operating agent representatives 

Implementing Agreement
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Table 3. Member Participation in Research Tasks During 2011
Participant * Research Task Number

11 19 25 26 27 28 29 30 31 32 33

Australia X

Austria X

Canada X X X X X X X

CWEA, 
China

X X X X X X

Denmark X X X X X X X X X

European 
Commission

X

EWEA X X

Finland X OA** OA X X

Germany X X X X X X X OA OA

Greece X X

Ireland X X X X

Italy X X X X

Japan X X X X X X X X

Korea, 
Republic of

X X X

Mexico X

Netherlands X X X X OA X

Norway X X X X X X X X

Portugal X

Spain OA X X OA X X OA

Sweden X X X X X X X

Switzerland X X X OA X

United 
Kingdom

X X X X

United 
States

X X X OA X X X X OA X

Totals 18 8 16 8 12 10 10 10 12 4 3

* For the latest participation data, check the task websites at www.ieawind.org.
** OA indicates operating agent that manages the task.

of the tasks, and observers from the IEA 
RETD implementing agreement, Ger-
many, and the Netherlands. The ExCo 
approved the Update 2011 of the Strategic 
Plan for 2009–2013 and the 2009 Small 
Wind Annual Report. The new Task 32 
LIDAR: Wind Lidar Systems for Wind 
Energy Deployment was approved, as 
was the IEA Wind audit report of the 
Common Fund for 2010. On 14 April, 
the meeting participants visited the ECN 
wind energy facilities and the Ecofys 
wind turbine test site.

The 68th ExCo meeting was host-
ed by Ireland in Dublin 18–20 October 
2011. Participants from 14 contracting 
parties were present, and OA represen-
tatives from all of the active tasks gave 
reports. The ExCo approved the exten-
sion proposals (2012 to 2014) of Task 
19 Wind Energy in Cold Climates, Task 
25 Power Systems with Large Amounts 
of Wind Power, Task 27 Development 
and Deployment of a Small Wind Tur-
bine Consumer Label, and Task 29 
MexNex(T) Analysis of Wind Tunnel 

Measurements and Improvement of 
Aerodynamic Models. These tasks were 
approved in principle, with final approval 
pending development of detailed work 
plans to be presented at ExCo 69. The 
ExCo approved in principle the new 
Task 33 Reliability Data: Standardizing 
Data Collection for Wind Turbine Reli-
ability and Maintenance Analyses.  Bud-
gets for the ongoing tasks and for the 
Common Fund for 2012 were approved. 
The ExCo re-elected officers through 
2012: Hannele Holttinen (Finland) as 
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Chair; Joachim Kutscher (Germany) as 
Vice Chair; and Jim Ahlgrimm (United 
States) as Vice Chair. On 20 October, 
meeting participants visited the Eirgrid 
control room (Irish TSO), listened to 
presentations by the University College 
Dublin Electricity Research Centre, and 
visited the Lisheen Wind Farm.

5.0 Outreach activities
The IEA Wind 2010 Annual Report was 
published in July 2011, and the website, 
www.ieawind.org, continued to expand 
coverage of IEA Wind activities. Four 
Task 11 Proceedings of Experts Meet-
ings from 2010 were posted on the pub-
lic website. Two technical reports of IEA 
Wind were approved for release by IEA 
Wind in 2011. Countless journal arti-
cles, conference presentations, and poster 
presentations drew upon the work of 
the IEA Wind research tasks. In addition, 
Recommended Practices for Wind Turbine 
Testing and Evaluation 12. Consumer Label 
for Small Wind Turbines was approved and 
published as work of Task 27 Consumer 
Labeling of Small Wind Turbines. Task 19 
Wind Energy in Cold Climates prepared 
the Expert Group Study on Recommended 
Practices 13. Wind Energy Projects in Cold 

Climates for review and approval in 2012. 
Recommended Practices are under devel-
opment in Task 28 on social acceptance of 
wind energy projects and in Task 32 Lidar.

A planning committee consisting 
of the Chair, Vice Chairs, the Secretary, 
the former Chair, and the OA Repre-
sentative for Task 11 Base Technology 
Information Exchange perform com-
munication and co-operation activities 
between ExCo meetings. Support for 
IEA Paris initiatives has been provided 
by the Planning Committee. A repre-
sentative from IEA Wind attended an 
IEA Experts Group on R&D Prior-
ity Setting and Evaluation: The Transi-
tion to a Low-Carbon Society, a meet-
ing of the Electricity Coordination 
Group (ECG), the Second IEA Energy 
Technology Network Communication 

Workshop meeting, and the REWP 
spring meeting. 

Invitations to attend ExCo meet-
ings were extended to several countries 
that are not yet participants. All coun-
tries with active interest in wind energy 
are welcome to explore participation 
by contacting the Chair or Secretary by 
email at ieawind@comcast.net.

Implementing Agreement
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1.0 Overview
ask 11 of the IEA Wind Agree-
ment has the objective to pro-

mote and disseminate knowledge 
through co-operative activities and in-
formation exchange on R&D topics of 
common interest to the Task members. 
These cooperative activities have been 
part of the Wind Implementing Agree-
ment since 1978. 

Table 1 lists the countries participat-
ing in this Task in 2011. These countries 
pay a fee to support the work of the OA 
that manages the Task. The Spanish Na-
tional Centre of Renewable Energies 
(CENER) is the current OA.

Task 11 is an important instrument 
of IEA Wind. It can react quickly to 
new technical and scientific develop-
ments and information needs. It brings 
the latest knowledge to wind energy 
players in the member countries and 
collects information and recommenda-
tions for the work of IEA Wind. Task 11 
is also an important catalyst for starting 
new tasks within IEA Wind. Documents 
produced are available immediately fol-
lowing the meetings to organizations in 
countries that participate in the Task. Af-
ter one year, documents can be accessed 
on the IEA Wind public Web pages 
(www.ieawind.org).

2.0 Objectives and Strategy
The objective of Task 11 is to promote 
wind turbine technology through in-
formation exchange among experts on 
R&D topics of common interest. The 
main activity to enable the exchange 
of information between the participant 
countries is to arrange Topical Expert 
Meetings (TEM) focused on priority is-
sues. The meetings are hosted by organi-
zations within countries participating in 
the task. 

Four meetings on different topics 
are arranged every year. These meetings 
are attended by invited active research-
ers and experts from the participating 
countries. The topics are selected by the 
IEA Wind ExCo and have covered the 
most important topics in wind energy 

T

for decades. A TEM can also begin the 
process of organizing new research tasks 
as additional annexes to the IEA Wind 
Agreement. Table 2 lists the TEM ar-
ranged in the last five years (2006-2011).

A second activity of Task 11 is to 
develop IEA Wind Recommended 
Practices (RP) for wind turbine test-
ing and evaluation. So far, 13 IEA Wind 
RPs have been issued. Many of the IEA 
Wind RP documents have served as the 
basis for both international and national 
standards.

3.0 Progress in 2011
3.1 Topical Expert Meetings
Four TEMs were organized in 2011 
but one was cancelled due to the low 
number of experts registered. Proceed-
ings were published on the ftp-server 
for country members. Proceedings are 
available to the public after one year 
on www.ieawind.org. Meeting topics 
for 2012 have been selected by the IEA 
Wind ExCo. 

TEM 65: International statistical 
analysis on wind turbine failures 
TEM 65 was hosted by Fraunhofer 
Institute for Wind Energy and Energy 
System Technology (IWES) in Kassel, 
Germany, 30-31 March 2011. A to-
tal of 22 persons attended the meeting 
from Denmark, Finland, Germany, The 
Netherlands, Norway, Sweden, and the 
United States. Sixteen presentations 
were given.

After the discussion, it was decided 
to launch a new Task under the umbrel-
la of IEA Wind on databases for wind 
turbine failures. IWES led a working 
group that prepared the proposal for the 
new task, in collaboration with SINTEF 
and NREL. At ExCo 68, a proposal for 
Task 33: Reliability Data: Standardiza-
tion of Data Collection for Wind Tur-
bine Reliability and Maintenance Anal-
yses was approved in principal and the 
participants began organising their work. 
Final approval will be discussed at ExCo 
69 in May 2012.

2  Task 11 
Base Technology Information Exchange

Source: Rick Hinrichs
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TEM : Control strategies 
for integration of wind 
farms on weak grids
The host was Instituto de Investigacio-
nes Eléctricas (IIE) in Cuernavaca, Mex-
ico. Initially the meeting was organized 
for 25-26 January 2011, but due to the 
low number of experts registered, it was 
postponed to 17-18 May 2011. How-
ever, the meeting was cancelled due to 
the low number of experts registered to 
attend the meeting.

TEM 66: Offshore foundation  
technology and knowledge (shallow, 
middle, and deep waters)
Vattenfall Wind Turbine Control Cen-
tre, in Esbjerg, Denmark was the host of 
the meeting that took place 20-21 Sep-
tember 2011. A total of 20 persons at-
tended the meeting from Denmark, Fin-
land, Germany, Ireland, Norway, Spain, 
Sweden, the United Kingdom, and the 
United States. A participant from the 
EWEA also attended. Thirteen presenta-
tions were given.

One priority identified was the 
need to have measured data from exper-
imental offshore installations to validate 

existing models. The main action iden-
tified for future interchange of informa-
tion about this topic is the workshop 
that NREL (U.S.) will organize in 2012 
under the umbrella of Task 30 Offshore 
Code Comparison Collaboration Con-
tinuation (OC4) on test methods, data 
availability, and code validation. The ma-
jority of the participants decided that 
more development is required before a 
specific task covering the priorities se-
lected could be launched.

TEM 67: Long-term R&D 
needs on wind power 
At the ExCo 67 meeting in Amsterdam, 
it was decided to arrange a TEM on 
“Long Term R&D Needs” at the Euro-
pean Wind Energy Association (EWEA) 
in Brussels, Belgium (5 October 2011). 
The aim of this TEM was to discuss 
long-term research needs for the time-
frame 2011-2030, to give recommenda-
tions to the IEA Wind ExCo and to the 
governments involved, which are based 
at the latest international wind techno-
logical stage. 

The meeting was attended by 21 
participants from 8 countries (Denmark, 

Finland, Greece, The Netherlands, Nor-
way, Spain, Sweden, and the United 
States). Representatives from the EWEA 
and EC, and the IEA Secretariat also at-
tended the meeting. Fifteen presenta-
tions were given. The outcome of the 
meeting will be used to develop a new 
strategic R&D plan for IEA Wind. 

3.2 Development of  
Recommended Practices
The IEA Wind RP activity was initi-
ated to satisfy the need for standard 
procedures for testing wind turbines. 
When this action began, no standards 
for wind energy systems were available. 
Fortunately, the situation has changed 
dramatically, and now there are a large 
number of IEC standards available in the 
wind energy sector. Much work is going 
on under the umbrella of IEC for de-
veloping new standards. However, many 
in the industry point to the problem of 
the long time required (years in most 
cases) for elaboration of new IEC stan-
dards. IEA Wind RPs can be prepared in 
a shorter period of time and will be an 
important input for the future elabora-
tion of IEC standards. 

Table 1. Task 11 participants
Country Institution

1 Canada National Resources Canada (NRCan)

2 Chinese Wind Energy Association Chinese Wind Energy Association (CWEA)

3 Denmark Risø National Laboratory/Danish Technical University (DTU)

4 European Commission European Commission

5 Finland Technical Research Centre of Finland (VTT)

6 Germany Bundesministerium für Unwelt, Naturschutz und Reaktorsicherheit (BMU)

7 Ireland Sustainable Energy Authority Ireland (SEAI)

8 Italy Ricerca sul Sistema Energetico (RSE S.p.A.)

9 Japan National Institute of Advanced Industrial Science and Technology (AIST)

10 Republic of Korea POHANG University of Science and Technology (POSTECH)

11 Mexico Instituto de Investigaciones Electricas (IEE)

12 Netherlands Agentschap, NL

13 Norway The Norwegian Water Resources and Energy Directorate (NVE)

14 Spain Centro de Investigaciones Energéticas, Medioambientales y Tecnológicas - 
(CIEMAT)

15 Sweden Energimyndigheten (Swedish Energy Agency)

16 Switzerland Swiss Federal Office of Energy (SFOE)

17 United Kingdom UK Dept for Business, Enterprises & Regulatory Reform (BERR)

18 United States The U.S Department of Energy (DOE)

Task 11
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Table 2. Topical Expert Meetings (2006-2011)
TEM 
No.

Title Year Location

67 Long Term R&D Needs on Wind Power 2011 Brussels, Belgium

66 Offshore Foundation Technology and Knowledge, for Shallow, Middle 
and Deep Water

2011 Esbjerg, Denmark

65 International Statistical Analysis on Wind Turbine Failures 2011 Kassel - Germany

64 Wind Conditions for Wind Turbine Design 2010 Tokyo, Japan 

63 High Reliability Solutions and Innovative Concepts for Offshore Wind 
Turbines

2010 Trondheim, Norway

62 Micrometeorology inside Wind Farms and Wakes between Wind Farms 2010 Pamplona, Spain

61 Wind Farms in Complex Terrain 2010 Pohang, S. Korea

60 Radar, Radio, and Links with Wind Turbines 2009 Amsterdam, the Netherlands

59 Remote Wind Speed Sensing Techniques Using SODAR and LIDAR 2009 Boulder, United States

58 Sound Propagation Models and Validation 2009 Stockholm, Sweden

57 Turbine Drive Train Dynamics and Reliability 2008 Jyväskylä, Finland

56 The Application of Smart Structures for Large Wind Turbine Rotor 
Blades

2008 Albuquerque, United States

55 Long-Term Research Needs in the Frame of the IEA Wind Co-operative 
Agreement

2007 Berlin, Germany

54 Social Acceptance of Wind Energy Projects 2007 Luzerne, Switzerland

53 Radar, Radio, and Wind Turbines 2007 Oxford, United Kingdom

52 Wind and Wave Measurements at Offshore Locations 2007 Berlin, Germany

51 State of the Art of Remote Wind Speed Sensing Techniques Using 
SODAR, LIDAR, and Satellites 

2007 Roskilde, Denmark

50 The Application of SMART Structures for Large Wind Turbine Rotor 
Blades

2006 Delft, the Netherlands

49 Challenges of Introducing Reliable Small Wind Turbines 2006 Stockholm, Sweden

48 Operation and Maintenance of Wind Power Stations 2006 Madrid, Spain

A new procedure for developing 
and issuing IEA Wind Recommended 
Practices in cooperation with the ongo-
ing Tasks was elaborated and approved at 
the ExCo 67 meeting in Amsterdam.

In 2011, a new Recommended 
Practices for Wind Turbine Testing and 
Evaluation 12, Consumer Label for 
Small Wind Turbines was approved by 
the Executive Committee. 

Two RPs are being developed deal-
ing with measuring wind speed using 
SODAR and LIDAR type instruments. 

Two additional actions have been 
identified for preparation of new IEA 
Wind RP:

Performance and Load Conditions 
of Wind Turbines in Cold Climates 

Cost of Wind Energy (Update the 
existing IEA Wind RP)

These RPs will be prepared in co-
operation with Task 19 Wind Energy 
in Cold Climates, and Task 26 Cost of 
Wind Energy.

4.0 Plans for 2012 
and Beyond
Task 11 Base Technology Information 
Exchange can be defined as a “continu-
ous” task. Started in 1987, every two 
years the Task is extended. The latest ex-
tension covers the period 2011-2012. 

New TEM topics were selected in 
2011 and the planned TEM for 2012 
are:

TEM 68: Advances in Wind 
Turbine and Components Testing. 
Technical University of Aachen,  
Germany, 21-21 February 2012.

TEM 69: Operation and 
Maintenance Challenges. CWEA, 
Republic of China, 20-21 March 2012.

TEM 70: Social Acceptance of 
Wind Energy. Swiss Federal Office 
of Energy, 14-15 June 2012.

TEM 71: Wind Farm Control 
Methods (Host and date TBD).

The OA of Task 11 will collabo-
rate with the OAs of Tasks 19 and 26, to 
begin development of new IEA Wind 
RPs: Performance and Load Conditions 
of Wind Turbines in Cold Climates and 
Cost of Wind Energy.

Author: Félix Avia Aranda, Cen-
tro Nacional de Energías Renovables 
(CENER), Spain.
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1.0 Overview
ind turbines are increas-

ingly being deployed to sites 
where climate conditions are 

out- side the standard operational 
limits of wind turbines. Such sites also 
require more prudent measures during 
the project development phase due to 
demanding climate conditions. During 
the last ten years, technology has been 
developed to meet those challenges. 
As specific icing and low temperature 
new technology is being demonstrated, 
the need grows to collect experiences 
in a form that can be used by devel-
opers, manufacturers, consultants, and 
financiers.

Starting in 2002, IEA Wind set up 
an international co-operation, Task 19, 
that collects and evaluates information 
that covers all aspects of turbine op-
eration in cold climate and icing condi-
tions, e.g. site assessment, economic and 
safety issues, and mitigation strategies. 
Participants in Task 19 have gathered in-
formation about wind turbine operation 

W

3  Task 19
Wind Energy in Cold Climates

in icy and low temperature environ-
ments, published several reports and pa-
pers and have drafted Recommended 
Practices. Table 1 lists the participating 
countries in 2011.

The expression “cold climate” was 
defined to apply to sites where turbines 
are exposed to low temperatures out-
side the standard operational limit, and 
to sites where turbines face icing. These 
kind of cold climate conditions retard 
energy production during the winter. 
Such sites are also often elevated on hills 
above the surrounding landscape or lo-
cated in high northern latitudes.

2.0 Objectives and Strategy
The objectives of Task 19 for 2009 to 
2012 are as follows:

•	Determine	 the	 current	 state	 of	
cold climate solutions for wind tur-
bines, especially anti-icing and de-
icing solutions that are available or 
are entering the market
•	Review	 current	 standards	 and	
recommendations from the cold 

climate point of view and identify 
possible needs for updates
•	Find	 and	 recommend	 a	 method	
for estimating the effects of atmo-
spheric icing on energy production 
because the commonly used stan-
dard tools do not address cold cli-
mate specific issues
•	Clarify	 the	 significance	 of	 ex-
tra loading that ice and cold cli-
mate induce on wind turbine 
components
•	Perform	a	market	survey	for	cold	
climate wind technology, including 
wind farms, remote grid systems, 
and stand-alone systems
•	Define	 recommended	 limits	 for	
the use of standard technology (site 
classification)
•	Create	 and	 update	 the	 Task	 19	
state-of-the-art report and ex-
pert group study on guidelines 
for applying wind energy in cold 
climates. 

The items above have been identi-
fied as those key topics that are slowing 
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Table 1. Task 19 participants
Country Contracting party Company Representative

1 Austria Austrian Federal Ministry for 
Transport, Innovation, and 
Technology 

Energiewerkstatt Andreas Krenn

2 Canada Natural Resources Canada Natural Resources Canada Antoine Lacroix

3 Finland TEKES Technical Research Centre of 
Finland 

Esa Peltola, Tomas Wallenius

4 Germany Federal Ministry for the 
Environment, Nature 
Conservation and Nuclear 
Safety

Fraunhofer IWES Michael Durstewitz

5 Norway Kjeller Vindteknik Kjeller Vindteknik Lars Tallhaug

6 Sweden Energimyndigheten WindREN AB Göran Ronsten

7 Switzerland Swiss Federal Offi  ce of Energy Meteotest René Cattin

8 United States NREL National Renewable Energy 
Laboratory

Ian Baring-Gould

cold climate wind power development. 
The ongoing national R&D activities 
in task participant countries will tackle 
these challenges and provide new infor-
mation on the subject.

The results of the ongoing national 
activities will improve the overall econo-
my of wind energy projects, especially in 
cold climates and thus significantly low-
er the risks of developing in areas where 
low temperatures and atmospheric icing 
are frequent.

The collaboration actively dissemi-
nates results through the Task 19 web 
site (linked at www.ieawind.org), and 
through conferences and seminars. At 
the end of the current Task 19 period, 
a final report will be published that de-
scribes updated state of the art of cold 
climate technology. It will issue a report 
on recommended practices that focuses 
on how to minimize and mitigate the 
additional risks of a cold climate wind 
energy project. One important dimen-
sion of this work will be the initiation 
of conversation about whether cold cli-
mate issues should be recognized in fu-
ture standards that set the limits for tur-
bine design. 

3.0 Progress in 2011
The ongoing third term for Task 19 will 
come to an end in the first quarter of 
2012. The main activity for 2011 and 
early 2012 will be the finalization of the 
recommended practices document. This 
document will summarize the best avail-
able practices for the development and 
construction of wind farms for a cold 

climate sites. The Recommended Prac-
tices for Wind Energy Projects in Cold 
Climates is based on a major revision 
of Recommendations for Wind Energy 
Projects in Cold Climates, published in 
2009 (1). The report includes the classifi-
cation of wind farm sites with respect to 
icing conditions.

The IEA Wind Task 19 recom-
mended practices report was taken in 
2011 as one basis for the fourth revi-
sion of IEC 61400-1 Design require-
ments – standard to include the effect of 
ice loads and low temperatures in design 
load cases.

Additionally, state-of-the-art of 
wind energy in cold climates, which was 
published in 2009, was updated in 2011 
for publication in 2012 (2). 

Two meetings were organized in 
2011. The first took place in February 
in Umeå hosted Swedish Energy Agen-
cy with participation from all member 
countries and observers from China and 

Denmark. The meeting was in connec-
tion to Winterwind 2011, which is the 
largest cold climate wind energy specific 
conference. Task 19 participated actively 
in the arrangements of the conference. 
The second meeting in Kjeller, Norway 
in September was hosted by Kjeller Vin-
dteknikk. Several web-meetings were 
organized to agree and organize prepa-
ration of the work. 

4.0 Plans for 2011 
and beyond
Cold climate deployment is expected 
to continue and increase in countries in 
the northern hemisphere between 2012 
-2016. It has been estimated that gen-
eration capacity of 4,000 to 5,000 MW 
(Figure 1) annually will be installed at 
cold climate sites in the present Task 19 
member countries. Thus, discussion of a 
possible fourth term for Task 19 will be 
initialized in 2012.

Table 2. IEA Wind ice classifi cation with corresponding 
recommendations
IEA Wind 
ice class

Meteorological 
icing

Instrumental icing Production loss

% of year % of year % of annual 
production

5 >10 >20 >20

4 5-10 10-30 10-25

3 3-5 6-15 3-12

2 0.5-3 1-9 0.5-5

1 0-0.5 <1.5 0-0.5
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Figure 1. Estimated size of cold climate wind power market

The results and activities of Task 19 
have been disseminated in the following 
conferences in 2011.

•	WINTERWIND	 2011,	 Umeå,	
9-10 February, Sweden
•	EWEA	 2011,	 16-18	 March,	
Brussels, Belgium
•	Optimising	Wind	Energy	Opera-
tions and Maintenance Forum, 7-8 
April, Barcelona, Spain
•	Nordic	Wind	Power	Conference	
Operations & Maintenance, 12-13 
April, Copenhagen, Denmark
•	IWAIS	2011,	8-13	May	Chongq-
ing, China
•	CWEC	2011	Beijing	Internation-
al Wind Energy Conference and 
Exhibition, 13-15 October, China

•	NordVind	 seminar	 Vindkraft	 i	
kaldt klima, 1 December, Copen-
hagen Denmark

References:
(1) Wind Energy Projects in Cold 

Climates (pdf) available at http://www.
vtt.fi/inf/pdf/workingpapers/2010/
W151.pdf 

(2) State-of-the-art of wind en-
ergy in cold climates (pdf) available at 
http://www.vtt.fi/inf/pdf/workingpa-
pers/2010/W152.pdf

Authors: Esa Peltola, Tomas 
Wallenius, VTT Technical Research 
Centre of Finland; Timo Laakso, Pöyry 
Finland Oy, Finland.
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4  Task 25 
Power Systems with Large Amounts of Wind Power

1.0 Introduction
ind power will introduce 

more uncertainty into operat-
ing a power system because it 

is variable and partly unpredictable. To 
meet this challenge, there will be need 
for more flexibility in the power system. 
How much extra flexibility is needed 
depends on the one hand on how much 
wind power there is and on the other 
hand how much flexibility exists in the 
power system.

The existing targets for wind power 
anticipate a quite high penetration in 
many countries. It is technically pos-
sible to integrate very large amounts 
of wind capacity in power systems; the 
limits arise from how much can be in-
tegrated at socially and economically ac-
ceptable costs. So far, the integration of 
wind power into regional power systems 
has mainly been studied on a theoretical 
basis, because wind power penetration is 
still rather limited in most countries and 
power systems. The small power system 
of the island of Ireland already has about 
10% of yearly electricity consumption 
from wind, and countries like  Denmark 
and the Iberian Peninsula (Spain and 
Portugal) show a high penetration of 
closer to 20%. Also regions like North-
ern Germany, Southern Italy, and Mid-
Western United States experience high 
penetration levels. All these countries 
have significant practical experience 
with wind integration. 

In recent years, several reports have 
been published investigating the power 
system impacts of wind power. However, 
results on the costs of integration differ 
substantially among reports and com-
parisons are difficult to make. This is due 
to using different methodology, data, and 
tools, as well as different terminology 
and metrics in representing the results. 
An in-depth review of the studies has 
been started in Task 25 to draw conclu-
sions on the range of integration costs 
for wind power. Because system impact 
studies are often the first steps taken to-
wards defining wind penetration targets 
within each country, it is important that 

W

Figure 1. Impacts of wind power on power systems, divided into different time scales 
and size of area relevant for the studies. Primary reserve is denoted for reserves acti-
vated in seconds (frequency activated reserve; regulation) and secondary reserve for 
reserves activated in 5–15 minutes (minute reserve; load-following reserve).

commonly accepted standard meth-
odologies are applied in system impact 
studies. 

2.0 Objectives and Strategy
The ultimate objective of IEA Wind Task 
25 is to provide information to facilitate 
the highest economically feasible wind 
energy penetration within electricity 
power systems worldwide. Task 25 work 
supports this objective by analyzing and 
further developing the methodology to 
assess the impact of wind power on power 
systems. Task 25 has established an inter-
national forum for exchange of knowl-
edge and experiences related to power 
system operation with large amounts 
of wind power. The challenge is both to 
create coherence between parallel activi-
ties with transmission system operators 
(TSOs) and other R&D task work and to 
remain as an internationally accepted fo-
rum for wind integration. 

The participants are collecting and 
sharing information on the experi-
ence gained in current and past studies. 
Their case studies will address different 

aspects of power system operation and 
design: reserve requirements, balancing 
and generation efficiency, capacity credit 
of wind power, efficient use of exist-
ing transmission capacity and require-
ments for new network investments, 
bottlenecks, cross-border trade, and sys-
tem stability issues. The main emphasis 
is on technical operation. Costs will be 
assessed when necessary as a basis for 
comparison. Also, technology that sup-
ports enhanced penetration will be ad-
dressed: wind farm controls and oper-
ating procedures, dynamic line ratings, 
storage, demand side management, etc. 

The task work began with a state-
of-the-art report that collected the 
knowledge and results so far. This re-
port, first published in 2007, was up-
dated and published in 2009 as a final 
report of the 2006-08 work. The task 
will end with developed guidelines on 
the recommended methodologies to 
use when estimating the system impacts 
and the costs of wind power integration. 
Also, best practice recommendations 
will be formulated on system operation 
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Table 1. Countries Participating in IEA Wind Task 25, third term 2012-2014 
Country Institutions coordinating work in countries  

(TSO participating in some meetings in parenthesis)*

1 Canada Hydro Quebec

2 China, CWEA SGERI

3 Denmark DTU Wind; TSO Energinet.dk

4 EWEA European Wind Energy Association

5 Finland VTT Technical Research Centre of Finland

6 Germany Fraunhofer IWES; (Amprion)

7 Ireland ECAR; (Eirgrid)

8 Italy TSO Terna

9 Japan AIST, Kansai University

10 Netherlands ECN, TUDelft

11 Norway SINTEF Energy Research; (Statnett)

12 Portugal LNEG, (REN Rede Electrica Nacional)

13 Spain Universidad de Castilla-La Mancha; (REE)

14 Sweden KTH Kungliga Tekniska Högskolan 

15 United Kingdom DG & SEE Centre for Distributed Generation & Sustainable Electrical Energy; 
(National Grid)

16 United States NREL National Renewable Energy Laboratory; 
UWIG Utility Wind Integration Group

*In some countries like Finland and Sweden, the TSO follows the national advisory group. CIGRE JWG 
C1,3,6/18, IEA Secretariat in Paris and European TSO consortium EWIS have sent observers to meetings.

practices and planning methodologies 
for high wind penetration. 

Annex 25 to the IEA Wind Imple-
menting Agreement was approved at 
ExCo 56 in September 2005 for three 
years, 2006–2008. The work was granted 
a second term 2009-2011 at ExCo 62 
in 2008, and a third term 2012-14 was 
approved at ExCo 68 in 2011. Table 1 
shows the participants in the task. Dur-
ing the first term, there were 11 coun-
tries plus EWEA in the Task. For the 
second term Canada, Japan, and Italy 
have also joined Task 25. For the third 
term, the Chinese State Grid Research 
Company has joined.

3.0 Progress in 2011
The meetings organized by Task 25 
have established an international forum 
for exchange of knowledge and experi-
ences. The spring task meeting in 2011 
was organized in Stockholm hosted by 
KTH in Sweden. In the autumn meet-
ing, hosted by LNEG in Portugal, par-
ticipating countries began work on final 
reporting of the 2009-11 phase. 

Coordination with other relevant 
activities is an important part of the Task 
25 effort. Links between TSO organi-
zation working groups at CIGRE and 
the European Wind Integration Study 
(EWIS project) were formed; observers 
have been joining Task 25 meetings in 
2008-2009. Task 25 has organized work-
shop sessions for TSO organizations 
in Europe (ENTSO-E) and America 
(UWIG). The system operators of Can-
ada (Quebec), Denmark, Germany, Ire-
land, Italy, Portugal, Spain, and the UK 
have joined the meetings through 2011. 
The IEA Secretariat work on integrat-
ing renewable energies (GIVAR project) 
has been followed.

Publication of the work is a key 
goal of Task 25 cooperative research. The 
highlights have been the Task 25 ses-
sions organized in several conferences: 
EWEC 2007 Milan, EWEC 2008 Brus-
sels, Bremen and Quebec International 
Workshops on Large-Scale Integration 
of Wind Power into Power Systems, as 
well as on Transmission Networks for 

Offshore Wind Farms in 2009 and 2010. 
Task 25 work and results were presented 
at several meetings in 2011: IEA Paris 
Electricity Grid Coordination meeting 
April (H. Holttinen); AnemosPlus (EU 
project) workshop, Paris 29th June (H. 
Holttinen). Collaborative papers were 
presented in IEEE Power and Energy 
Society General Meeting 24 – 28 July 
2011, Detroit, USA. (“Impact of Wind 
Power on the Unit Commitment, Op-
erating Reserves and Market Design” 
presented by P. Meibom, DTU Wind) 
and Variability of Large-Scale Wind 
Power (H. Holttinen at the wind inte-
gration workshop in October 2011). In 
addition, the national participants pre-
sented Task 25 in their national work-
shops (J. Kondoh in Japan and P. Mei-
bom in Denmark). Collaborative journal 
articles have been submitted regard-
ing reserve requirements, transmission 
planning, and experience in frequency 
control.

Work has begun on a simplified as-
sessment of wind integration effort and 
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power system flexibility, in collaboration 
with the IEA secretariat study on inte-
grating renewable energy sources (GI-
VAR project). The Task 25 website has 
been established at http://www.ieawind.
org under Task Web Sites. The public 
portion of the site contains the Task 25 
publications as well as literature bibliog-
raphy, updated in early 2012. The mem-
bers-only section details the meeting 
presentations and information relevant 
to task participants. 

3.1 Recommended practices of 
wind integration studies 
The methods of wind integration studies 
are evolving, building on the experiences 
from previous studies, with more data 
on system wide wind power production 
and improved models. Task 25 has started 
to work on a recommendation report to 
compile the best practices and instructions 
on how to perform an integration study. 
Participants started by making a flow 
chart of all phases of an integration study. 
A complete integration study will include 
several parts, and this usually means an 
iterative process, as described in the flow 
chart in Figure 3. Often wind integration 
studies only cover one or a few parts of a 
complete study.

A wind integration study usually 
has as a starting point a set of input data. 
These data include wind power plant 
location and output, the configuration 
of the remaining power system, and 
the load level for the particular year(s) 
of interest. The study identifies a wind 

Figure 2. The Task 25 website is ac-
cessed from www.ieawind.org under 
Task Web Sites.

penetration level of interest to be stud-
ied (the blue boxes). At this stage, the 
scope of the system to be studied should 
be determined - i.e. the whole synchro-
nous system or a part of it. 

The portfolio development step is 
needed to set up the details of the sys-
tem to be studied – the present or fu-
ture system, assumed generation fleet, 
demand and flexibility options available, 
as well as interconnection options to 
neighboring areas. The basic setup as-
sumptions will have a crucial impact on 
the results of the study. How is the wind 
power added – replacing something else 
or with the remaining generation stay-
ing the same? For lower penetration 
levels, the assumption of keeping the re-
maining system the same can be used as 
a starting point. However, to reach high-
er penetration levels usually also means 
a future system where the conventional 
generation portfolio may change.

Changes in system management 
may need to be made from the start to 

Figure 3. Flow chart of a complete wind integration study, showing relevant iteration loops from simulations to 
set-up and portfolio development
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accommodate large amounts of wind 
power. This involves checking the op-
tions for flexibility available in the 
power system through operational mea-
sures and through the transmission grid. 
Transmission planning involves con-
tingency analysis and stability studies as 
well as profitability analysis of the invest-
ment options. Allocation, procurement, 
and use of reserves in a cost effective 
manner may also have to be changed. 

Wind integration studies usually in-
volve investigations of transmission ad-
equacy, simulations of the operation of 
the power plants in the system and cal-
culations on the capacity adequacy to 
meet the peak load situations (the green 
boxes in the flow chart). More detailed 
level includes also dynamic simulations 
and flexibility assessment – these are 
necessary when studying higher pen-
etration levels of wind power. Reliability 
constraints from transmission or capacity 
adequacy or reserve margins will require 
iteration on the initial results to change 
the installed capacity of the remaining 
power plants, the transmission grid, the 
operational methods, or the reserves. 

Analyzing and interpreting results of 
wind integration studies is not straight-
forward. Integration impacts depend 
crucially on the assumptions made and 
especially the set-up of the study, like 
investments in the remaining system. 
Larger wind shares in the power system 
usually mean 10-30 years in the future, 
and the question is which other invest-
ments are to be performed in the power 
system during these years. 

Integration costs are especially chal-
lenging to derive. Because system costs 
are difficult to allocate to any single plant 
or technology, wind integration studies 
aim to quantify the incremental increases 
in costs for power systems. There is an 
allocation challenge especially for grid 

reinforcement costs as most grid upgrades 
also benefit other users. 

Another issue is operational costs. 
The operating costs of power systems 
will actually be reduced due to wind 
power. This is because the bulk of op-
erating costs come from fuel costs and 
wind power will replace fossil fuel use 
(operational costs exclude the invest-
ment costs for power plants). The in-
tegration cost is then actually the dif-
ference of full credit for operating cost 
reduction compared with cost for sys-
tem operation with increasing variability 
introduced by wind power. Gas or coal 
power plants will perform more balanc-
ing to follow the combination of load 
and wind, rather than just following the 
load. Any penalties due to decreased effi-
ciency and more wear and tear on these 
balancing units are quite modest com-
pared to the total operating costs. 

When estimating increases in op-
erating costs, it is important to note 
whether a market cost has been esti-
mated or whether the results refer to 
technical costs for the power system. 
A “market cost” includes transfer of 
money from one actor to another ac-
tor, while “technical costs” implies a cost 
for the whole system. Most studies so far 
have concentrated on the technical costs 
of integrating wind into the power sys-
tem. Another approach is cost-benefit 
analysis. The benefit when adding wind 
power to power systems is reducing the 
total operating costs and emissions as 
wind replaces fossil fuels. 

4.0 Plans for 2012 
The meetings in 2012 will take place in 
Rome, hosted by the Italian System Op-
erator Terna, and Tokyo, hosted by AIST. 
Task 25 work and results will be pre-
sented also at several meetings in 2012: 
a session in EWEA 2012 in Copenha-
gen, the wind integration symposium 
in June, the IEEE PES meeting in July, 
and in the wind integration workshop 
in November. The important conclu-
sions from the 2009-11 phase will be 
published as recommendations and a 
summary report. Journal articles will be 
written about critical modeling issues in 
wind integration studies.

The topic being addressed by Task 
25 is growing exponentially in impor-
tance within the member countries and 
more broadly. There is a consensus that 
the work of the task has only just be-
gun. During the third term (2012-2014), 
participants will expand into more high-
penetration studies, and go deeper into 
the subject of modeling power systems 
with wind power. 

Author: Hannele Holttinen, Op-
erating Agent Representative, VTT 
Technical Research Centre of Finland, 
Finland.
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1.0 Introduction
ind power generation has 

come to a “historical” point 
where, just as installed costs 

were becoming competitive with other 
conventional technologies, the invest-
ment cost per megawatt has started in-
creasing for new wind power projects. 
This is believed to be the result of in-
creasing commodity prices (mainly raw 
material such as copper and steel, plus a 
bottleneck in certain sub-products), the 
current tightness in the international 
market for wind turbines, and other fac-
tors. Signals in the U.S. market indicate 
an increase exceeding 60% from average 
investment costs for projects installed 
from 2001 through 2004, up to approxi-
mately 2,100 USD/kW; 1,562 EUR/
kW (1). Other important markets for 
wind energy are also experiencing rising 
costs, although noticeable differences still 
exist among countries. 

This is precisely the background 
that justifies the initiation of this task 
on the cost of wind energy. As wind is 
becoming an important source of elec-
tricity generation in many markets and 
competes with other technologies – 
notably natural gas – in terms of new 
installed capacity, it is crucial that gov-
ernments and the wind research com-
munity are able to discuss the specific 
costs of wind systems on the basis of a 
sound methodology. Without a transpar-
ent impartial voice regarding the costs of 
wind systems, organizations without a 
clear understanding of wind systems are 
left to determine and publicize the costs 
of wind systems, often in error. These 
issues are exacerbated by the diversity 
of the wind portfolio and variations in 

W

5  Task 26 
Cost of Wind Energy

Table 1. Task 26 Participants 
Country Institution(s)

1 Denmark Risoe/DTU, EA Energy Analyses

2 EWEA European Wind Energy Association

3 Germany WindGuard

4 Netherlands ECN

5 Spain AEE

6 Sweden Swedish Energy Agency, Vattenfall

7 Switzerland Swiss Federal Offi  ce of Energy

8 United States NREL, LBNL

international project development cost 
assumptions. The work undertaken in 
this task is also expected to assess meth-
odologies for projecting future wind 
technology costs. Finally this task aims 
to survey methods for determining the 
value of wind energy.

2.0 Objectives and Strategy
The objectives of this task are:

•	To	 establish	 an	 international	 fo-
rum for exchange of knowledge 
and information related to the cost 
of wind energy
•	To	 identify	 the	 major	 drivers	 of	
wind energy costs, e.g., capital in-
vestment, installation, operation 
and maintenance, replacement, in-
surance, finance, and development 
costs, and to quantify the differ-
ences of these cost elements among 
participating countries
•	To	develop	an	internationally	ac-
cepted, transparent method for cal-
culating the cost of wind energy 
that can be used by IEA and other 
organizations

•	To	 derive	 wind	 energy	 cost	 and	
performance projections, or learn-
ing curves, which allow govern-
ments and the research community 
to anticipate the future trends of 
wind generation costs
•	To	compare	the	cost	of	wind	en-
ergy with those of other electric-
ity generation technologies, mak-
ing sure that the underlying as-
sumptions used are compatible and 
transparent
•	To	 survey	 various	 approaches	 to	
estimating the value of wind en-
ergy, e.g., carbon emission avoid-
ance, fuel price stability.

Three activities are proposed to 
achieve these objectives: development of 
a transparent method for estimating cost 
of wind energy and identification of 
major cost drivers; estimation of future 
cost and performance of land-based and 
offshore wind projects; and assessment of 
methodologies and results for estimating 
the value of wind energy.

Providing transparency in the cost 
elements of wind projects among all 
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participating countries will result in bet-
ter understanding of the cost drivers of 
wind technology and the reasons for 
differences among participating coun-
tries. Development of a simple spread-
sheet model that represents the major 
elements of wind project costs will result 
in a tool that could be used by IEA or 
others in estimating wind project costs. 
A report summarizing these results pro-
vides insight into the different cost driv-
ers for each participating country.

Estimates of future cost and per-
formance for wind technology are im-
portant for analyses of the potential for 
wind energy to meet national targets 
for carbon emission reductions or re-
newable electricity generation. Learn-
ing curves are one method for assessing 
the effect of technology development, 
manufacturing efficiency improvement, 
and economy of scale. Component level 
cost and scaling relationships can also be 
used to estimate future technology de-
velopment pathways. While costs have 
decreased since the early 1980s, recent 
trends indicate rising costs that have 
been attributed to tight supply, com-
modity price increases, and other influ-
ences. These effects may continue in the 
future, and it’s important to identify the 
contribution of such market influences 
to wind technology costs. These effects, 
and their relation to technology advanc-
es, should be incorporated into methods 
to project future costs and performance 
for wind technology. A thorough assess-
ment of the effect of wind technology 
changes such as increased generator size, 
larger rotors, and taller towers over the 
past decade will help inform the use of 
learning curves and engineering models 
to develop future cost and performance 
trajectories.

Wind energy technology ultimately 
operates in an electric system that in-
cludes conventional and other alterna-
tive electricity generation technologies. 
Wind energy technology adds value to 
a system in a number of ways including 
reducing carbon emission, diversifying 
fuel supply and providing stable energy 
production prices. Various methods and 
approaches are used to quantify these 
impacts of wind energy deployment. 

This work package will provide a sum-
mary of these concepts and approaches.

3.0 Progress in 2011
In March of 2011 an in-person meeting 
was organized by NREL and hosted in 
Golden, Colorado. This meeting sup-
ported the development and scoping of 
the second report of Task 26. A series of 
web-meetings and conference calls were 
held throughout the second and third 
quarters of 2011 to provide additional 
input into the 2011 activities and to 
provide updates on the work achieved.

Activities completed in 2011 em-
phasized 1) the collection of historical 
cost and performance data from mul-
tiple participating countries; 2) analysis 
of the expected near-term LCOE from 
projects in late-stage development in 
the U.S. and Denmark, using the same 
transparent cash flow model referenced 
above; 3) evaluation of wind energy 
cost forecasts in the literature includ-
ing work to convert existing forecasts of 
capital costs, capacity factors, and other 
variables into estimates of LCOE. These 
data and analysis were compiled into the 
second report of Task 26 (2). This report 
also highlighted the importance of con-
sidering LCOE relative to an exclusive 
look at capital costs or performance, 
discussed the strengths and weaknesses 
of the existing methods that have been 
applied to forecast future wind energy 
costs, and summarized technical sources 
of future cost reductions described in 
the literature.

Historical cost and performance 
data were collected from three partici-
pating countries and from the European 
Wind Energy Association. These data 
were compiled to illustrate the signifi-
cant reductions in capital costs achieved 
by the wind industry from 1980 to the 
early 2000s and to demonstrate the 
relative magnitude of the cost increases 
observed between the early 2000s and 
2010. Historical performance data were 
used to demonstrate the continual im-
provements in wind turbine technol-
ogy that have been realized but also to 
highlight how trends in siting such as 
the moving into lower wind resource 
quality locations can mask the impacts 

of improvements in technology as has 
occurred in Spain and to some extent in 
other countries. 

Analysis of near-term wind energy 
LCOEs in Denmark and the United 
States revealed that wind energy costs 
are anticipated to fall dramatically for 
projects under construction today and 
into 2013 (Figure 2). In fact, LCOE 
is expected to be at an historical low 
over this time period, assuming fixed 
wind resource quality, In fact, transmis-
sion access, public acceptance, or other 
variables may push newer projects into 
lower wind resource quality locales, in 
which case historical lows in LCOE 
may not be fully realized in actual wind 
energy sales contracts. These analyses re-
lied on anticipated project capital costs 
for projects under development and 
estimates of energy production from 
turbines available on the market today. 
This work was particularly revealing 
because the achievement of record low 
LCOE in two countries is likely despite 
installed capital costs that remain well 
above their historical low in the early 
2000s. The relatively low LCOEs an-
ticipated in the near-term are a result of 
reductions in capital cost and significant 
performance improvements from tur-
bines available today, compared to those 
that were installed roughly ten years ago. 
This finding highlights the importance 
of evaluating future LCOE, which con-
siders both capital costs and technology 
improvements, rather than simply fore-
casting future capital costs or capacity 
factors. Such considerations are all that 
much more critical in the wind industry 
where the current maturity of the tech-
nology suggests that the optimal cost of 
onshore wind energy may result from 
little or no further capital cost reduc-
tions (and perhaps even modest capital 
cost increases), but continued perfor-
mance improvements.

Farther into the future a review of 
anticipated costs and performance trends 
suggests reductions in LCOE on the 
order of 20%–30% over the next two 
decades. As future technology advance-
ment opportunities become increas-
ingly incremental, LCOE reductions are 
anticipated to slow. This is reflected in 
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Figure 2. LCOE for wind energy over time in the United States (top) and Denmark (bottom)

forecast data shown in Figure 3 where-
by LCOE reductions, across virtually all 
studies and scenarios in the literature to-
day, fall to less than 1% per year by 2030. 
As these studies typically rely on learn-
ing curves, expert elicitation, or bot-
tom-up engineering analyses, they do 
not reflect the potential for short-term 
turbine supply and demand pressures, 
competition among manufacturers, or 
changes in global commodity prices to 
influence the ultimate delivered cost 
of wind energy. Moreover, they do not 
anticipate trends in the quality of the 
wind resource where projects are sited 

or potential transmission and integra-
tion costs. As such, the delivered price 
of power may vary, particularly over the 
short-term from those shown in Fig-
ure 3. Nevertheless, over the long-term 
wind energy’s LCOE is expected to 
continue to decline for some time.

Further improving our understand-
ing of possible future cost trends is an-
ticipated to require additional data gath-
ering and improved modeling capability. 
Robust data collection is needed across 
the array of variables that must be fac-
tored into estimating LCOE (e.g., capi-
tal cost, capacity factor, O&M costs, 

component replacement rates and costs, 
and financing costs) and in each of the 
wind energy markets around the globe. 
An enhanced capacity to model the cost 
and performance impacts of new tech-
nological innovation opportunities, tak-
ing into account the full system dynam-
ics that result from a given technological 
advancement, is also essential. Together 
these efforts would enhance our ability 
to understand future costs, facilitate pri-
oritization of R&D efforts, and help to 
understand the role and required magni-
tude of deployment incentives into the 
future. 
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Figure 3. Estimated range of wind LCOE projections across 18 scenarios

4.0 Plans for 
2012 and Beyond
The second report of Task 26 has com-
pleted an in-depth review process and 
will be published in 2012. An abbrevi-
ated version of the report was accepted 
as part of the World Renewable Energy 
Forum, where the work will be present-
ed to a diverse international audience. 
Portions of the work have also been 
presented in various other conferences 
and contexts. We anticipate the submis-
sion of an edited version of the second 
report will also be submitted to a peer-
reviewed journal. 

During 2012 a proposal extension 
for Task 26 has also been drafted. Future 

work is anticipated to emphasize: up-
dates to the LCOE analysis of onshore 
wind completed in 2010; cross country 
analysis of the cost of offshore wind en-
ergy, including an analysis of primary 
cost drivers; and continued exploration 
of new methods for understanding fu-
ture costs of wind power as well as the 
value of wind in the electric system.
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6  Task 27 
Consumer Labeling of Small Wind Turbines

Development and Deployment 
of Small Wind Turbine 
Labels for Consumers 

1.0 Introduction 
he objective of this task is to de-
velop a system of consumer la-
beling for small wind turbines 

(SWT). The SWT sector is defined as 
wind turbines with a swept area not 
exceeding 200 m2 according to IEC 
61400-2 2nd Ed:2006, which is the only 
standard developed so far for this sec-
tor. Having in mind the rapid growth 
of the SWT sector, it is also the objec-
tive of this task to provide valuable, 
publicly available information for any-
one interested in buying a small wind 
turbine. This information could include 
recommended methodologies and in-
dependent test reports on: power per-
formance curves and/or energy produc-
tion, acoustic noise emissions, duration 
test results, and safety and function test 
results. 

A key goal of this task is therefore to 
increase the use of common methodol-
ogies for testing SWTs. These method-
ologies could in the near future provide 
feedback and know-how to develop in-
ternational standards in the area of qual-
ity and performance of these SWTs. 

In 2011, the participants completed 
development, gained approval, and pub-
lished the IEA Wind Recommended Prac-
tices for Wind Turbine Testing and Evalua-
tion: 12. Consumer Label for Small Wind 
Turbines (Figure 1).

During the activity to develop 
the recommended practice on label-
ing, some new issues were identified 
related to SWTs for urban integration. 
The special wind conditions found in 
the built environment and its effect on 
wind resource assessment methodol-
ogy need to be explored. Now that the 
goal of publishing IEA Wind Recom-
mended Practices for Consumer Label for 
Small Wind Turbines has been achieved, 

T

Figure 1. Approved IEA Wind Recom-
mended Practice

the participants developed a proposal to 
extend Task 27 and explore issues of the 
built environment. 

From the beginning of this task in 
December 2009 through December 
2011, eleven IEA Wind Task 27-IEC 
MT2 liaison meetings have been con-
ducted. These meetings were held in 
Madrid (Spain), London (United King-
dom), Wausau (United States), Toronto 
(Canada), Tokyo (Japan), Kaiser-Wil-
helm-Koog (Germany), Glasgow (Unit-
ed Kingdom), Boulder (United States), 
Perth (Australia), Madrid (Spain), and 
Xianshan (People’s Republic of China) 
(Figure 1).

2.0 Objectives and Strategy
The primary goal of this task is to give 
incentives to the SWT industrial sec-
tor to improve the technical reliability 
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Table 1. Task 27 Participants
# Country Institution(s)

1 Australia Australian National Small Wind Turbine Centre (RISE) 
Murdoch University

2 Canada Wind Energy Institute of Canada (WEICan)

3 China CWEA Chinese Wind Energy Association (CWEA) 

4 Denmark Risø National Laboratory (Risø-DTU)

5 Ireland Dundalk Institute of Technology 

6 Italy University of Napoli

7 Japan National Institute of Advanced Industrial Science and 
Technology (AIST)

8 Korea, Republic of Korean institute for Energy Research (KIER)

9 Spain Centro de Investigaciones Energéticas, Medioambientales 
y Tecnológicas (CIEMAT)

10 Sweden TEROC AB /INTERTEK AB

11 United Kingdom National Engineering Laboratory (TUV-NEL)

12 United States National Renewable Energy Laboratory (NREL)

Observers CSTB Centre Scientifique et Technique du Bâtiment; 
TERTEC (Taiwan Electric Research and Testing Center)

Figure 2. IEA Wind Task 27 meeting in Xianshan, People’s Republic of China

and performance of small wind turbines. 
This task will enable the use of common 
methodologies to test the equipment and 
to display the results of those tests in a 
form recognized by potential residential 
consumers. It will contribute to identi-
fying the good SWT manufacturers that 
are struggling to compete with outdated 
(or undemonstrated) technologies also 
available in the market. But mostly, the 
outcomes of this task will benefit poten-
tial buyers, installers, and official energy 
entities that are giving permits to connect 
SWTs to the electric grid.

Specific outcomes include:
•	Review	of	the	state	of	the	art	re-
garding SWT testing and reporting
•	Identification	of	the	tests	required	
for labeling
•	Recommendations	 for	 labeling	
reporting
•	Identification	 of	 the	 label	 display	
parameters
•	Publication	 requirement	 of	 sum-
mary test results
•	Peer	 reviewed	 testing	 and	 devel-
opment at Small Wind Association 
of Testers (SWAT).

To accomplish this, partial goals are to:
•	Build	 up	 a	 critical	 mass	 of	 in-
volvement in the development 
of methodologies for testing and 
presenting the results as well as la-
beling classification, by including 
government agencies, wind turbine 
manufacturers, and third party tes-
ters (such as primarily universities, 
national laboratories and institutes, 
and companies with large experi-
ence in the testing of wind power 
devices). This critical mass should 
provide the necessary basis for the 
wide use in the SWT sector of the 
IEA Wind Recommended Practic-
es that have been developed.
•	Test	 the	 labeling	 and	 testing	
methods in practice on a number 
of small wind turbines to provide 
feedback to the continued updating 
of methodologies in this area.
•	Increase	 awareness	 among	 con-
sumers and official entities.

An important reason for the entire 
wind energy sector to support the la-
beling initiative is to reduce the risk of 
accidents with SWTs as well as mini-
mize poor investments in substandard 
equipment.

Expected results include:
•	Report	 about	 state	 of	 the	 art	 re-
garding SWT testing and reporting
•	Recommendations	 for	 labeling	
reporting
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•	Internationally	 accepted	 SWT	
customer label
•	Development	of	SWAT

3.0 Progress in 2011
3.1 Meetings of participants
Two meetings were held during 2011. 
Experts from certification bodies, re-
search institutes and universities, and the 
SWT industry were invited to exchange 
knowledge and gain a common under-
standing of the developments, conflicts, 
and their solutions. 

The first IEA Wind Task 27-IEC 
MT2 Liaison meeting was hosted by 
CIEMAT on 3-4 March 2011, in Ma-
drid, Spain. Experts (20) represented 
Australia, Denmark, Ireland, Japan, Spain, 
Sweden, UK, and the United States. An 
observer from France also participated. 

The activities performed during the 
meeting are shown below:

•	IEA	Wind	2009	country	reports
•	The	Subtask	A deliverable Devel-
opment of Recommended Prac-
tices for consumer labeling for small 
wind turbines was finalized. 
•	The	 Subtask	 B:	 deliverable	 De-
velopment and Deployment of the 
Small wind association of testers 
was discussed. SWAT governance, 
membership, and round robin ac-
tivities issues are still under debate. 
An international SWAT conference 
was proposed.
•	A	task	extension	proposal	related	
to built-environment Recom-
mended Practice was proposed.
•	New	 SWT	 R&D	 activities	 (ur-
ban integration, non standard wind 
conditions, water pumping sys-
tems test recommended practices 
proposal, research and validation 
on simplified design equations for 
VAWT, turbine & inverter model-
ing) were identified.
•	A	round	robin	test	in	several	sites	
with different conditions (in special 
TI conditions) is on going.

The second IEA Wind Task 27-IEC 
MT2 Liaison meeting was hosted by the 
company Ginlong on 10-11 November 
2011in Xiangshan (People’s Republic of 
China). Experts (14) represented Aus-
tralia, China, Denmark, Ireland, Korea, 

Japan, Spain, UK, and the United States. 
Several observers also attended.  

The activities performed during the 
meeting are shown below:

•	Discussion	of	the	IEA	Wind	label	
use
•	Progress	 on	 Subtask	 A:	 Country	
SWAT
•	Review	 SWAT	 scope	 and	
governance
•	Plans	 for	 SWAT	 round	 robin	
activities
•	Presentations	 on	 draft	 UK	 Re-
newable “Proposal for Develop-
ment of a Medium Wind Standard, 
Draft Version 2”  April 2011 – A. 
Mackinnon
•	Discussion	about	the	possibility	to	
develop a Recommended Practice 
for Medium Wind Turbines within 
the IEA Wind Task 27 extension
•	Presentation	of	Annex	27	–	Task	
Extension Proposal Draft and 
discussion
•	Built-Environment	Recommend-
ed Practice.

3.2 Reports, conferences 
and decisions
The Recommended Practices for Wind Tur-
bine Testing and Evaluation: 12 Consumer 
Labels for Small Wind Turbines was ap-
proved by the task participants and ap-
proved by the ExCo in July 2011 (elec-
tronic ballot). The first label will appear 
on the Task 27 Web page of IEA Wind 
in 2012. 

Other dissemination activities include: 
•	A	 presentation	 titled	 International 
Standardisation and Labelling was giv-
en by the OA at the Second World 
Summit on Small Wind Turbines 
New Energy held in Husum, (Ger-
many) on March 2011. 
•	A	 presentation	 was	 titled	 IEA 
Wind Task 27- Overview of the 2009 
Small Wind Report Annual Report 
was given the OA at the Inter-
national Small Wind Conference 
2011 held in the UK on 5-6 April 
2011. 
•	A	 presentation	 titled Development 
and Deployment of Consumer Label for 
Small Wind Turbines was given by 
the OA at the Irish Wind Industry  

Encounter with IEA Wind held in 
Dublin (Ireland) on 17 October 
2011. 

A decision was taken to begin 
SWAT deployment in individual coun-
tries because it will be difficult to estab-
lish an international association without 
formal funding. In the member coun-
tries of IEA Wind Task 27, deploy-
ment will be based in the participation 
of the existing local SWT test centers: 
RISE (Australia), WEICAN (Canada), 
RISØ-DTU (Denmark), KIER (Korea), 
CIEMAT (Spain), etc. The participants 
agreed to convene the first International 
SWAT conference in early 2012 in con-
junction with the IEA Wind Task 27 
meeting. 

A SWAT governance decision was 
taken to guaranty the quality of the test 
when performed by unaccredited test 
organizations. In this case before the la-
bel is published, a round robin test with 
the raw data must be done by at least 
one SWAT member that is an accredited 
laboratory in order to validate the test. 

Table 2 lists the data available today 
from SWT test facilities covered by the 
IEA Wind Task 27 participants. Test sites 
include accredited, unaccredited, indus-
try testing.

A proposal to extend IEA Wind 
Task 27 beyond 2011 was developed. 
The main objective of the extension is 
to develop a new Recommended Prac-
tice for Design of Small Wind Turbines 
in the Built Environment. Built-envi-
ronment wind turbines (BWT) can be 
defined as those turbines installed on 
the roofs of buildings, side mounted to 
a building, integrated into the build-
ing design, or in the urban setting near 
buildings. The wind resource in built 
environment has to be better under-
stood and testing and design standards 
for BWTs have to be developed. Anoth-
er aim of the extension is to reinforce 
the IEA Wind Recommended Prac-
tice 12 for consumer labeling through 
the formation of SWAT and setting up 
peer-reviewed wind turbine testing and 
evaluation.

The expected results are the devel-
opment of an IEC design class for BWT, 
which includes not only wind speed 
requirements but increased level of 
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Table 3. Task 27 Past Meetings
M# Date Location Topic

M1 April 2012 Ithaca NY (United States) International SWAT, IEA 
Wind Task 27

M2 July 2012 Virtual meeting (Webinar or 
teleconference)

IEA Wind Task 27 Progress

M3 25-27 September 
2012

Dundalk (Ireland) IEA Wind Task 27 Progress

M4 January 2013 Virtual meeting IEA Wind Task 27

M5 April 2013 Soria (Spain) International SWAT, IEA 
Wind Task 27

M6 July 2013 Virtual meeting IEA Wind Task 27 Progress

M7 Sep 2013 Jeju Island (Korea) IEA Wind Task 27

Table 2. Data available from SWT test facilities
Country SWAT test sites available Data availability

Australia RISE Facilities Low turbulence data available

Canada WEICan / DEWI Low turbulence and very cold weather 
data available 

Denmark RISOE-DTU Low turbulence data available

Germany   

Greece TEI  

Ireland DIT Low turbulence data available

Japan No available yet High turbulence data available

Spain CIEMAT-CEDER Mid/High turbulence data available. 
IEC Class I/II sites

Sweden No available yet  

United Kingdom TUV-NEL Mid turbulence data available

United States NREL High turbulence data available

United States SWCC  

United States Regional Test Centers  

France (observer) SEPEN /Narbone High turbulence data unavailable

turbulence intensity. Research and mea-
surements from existing 3-D data sourc-
es will be gathered and analyzed to bet-
ter understand the inflow in the urban 
and built-environment. Participation in 
this data collection and analysis task will 
be undertaken in Australia (Murdoch 
University), Denmark (RISØ-DTU), 
Italy (University of Napoli), Japan (Na-
su-Denki), Spain (CIEMAT-CEDER), 
Sweden (University of Uppsala), and the 
United States (NREL).

4.0 Plans for 
2012 and beyond
The primary activity will be the de-
ployment of the IEA Wind Task 27 la-
bel and SWAT. The idea is to have some 
labels ready to be shown in early 2012 
to test the labeling procedure. Some ac-
tivities are scheduled dealing with the 
dissemination of the IEA Wind Task 
27 activities in magazines, conferences, 
and workshops. The intention is to de-
velop an annual International SWAT 

Conference to exchange SWT test ex-
periences, harmonize test criteria, ex-
change information about the situation 
of the small wind sector in the differ-
ent countries, information about the 
requirements for certification and ac-
creditation in the different countries, in-
formation about new standards, new test 
facilities, etc. 

The second activity is to complete 
and gain approval from the ExCo for 
extension of IEA Wind Task 27. The 
draft extension proposal which came 
out of the Xiangshan meeting will 
be reviewed and accepted in a virtual 
meeting and in the face-to-face meeting 
to be held in New York, United States 
in April 2012. 

In addition, some ongoing R&D 
activity about turbulence intensity values 
at potential SWT sites in non-open ter-
rain will provide results during 2012. 

Table 3 shows the scheduled meet-
ings for 2012 and 2013. The IEA Wind 
Task 27 extension should last four years 
(2012-2015).

 
Author: Ignacio Cruz, CIEMAT, 

Spain.
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7  Task 28 
Social Acceptance of Wind Energy Projects

1.0 Introduction
enewable energies have many 

technical aspects that offer a 
variety of possibilities for op-

timization and improvement, for exam-
ple efficiency or materials. Far off-shore 
wind and marine energy technologies 
are still at the beginning of large-scale 
development. 

“Social” or “public acceptance” top-
ics, on the other hand, are non-technical 
issues and therefore much harder to grasp 
than technical issues. This means that it is 
important to understand the real concerns 
behind the opposition to renewable en-
ergy technologies or to transmission infra-
structure, and also to address the issues and 
find viable solutions. Rational arguments 
may not reach the counterpart, emotions 
are felt subjectively, and there are many 
different stakeholders involved. Wüsten-
hagen et al. in 2007 (1) tried to capture 
those actor groups in three dimensions as 
shown in the opening photo: Socio-polit-
ical acceptance is about the decision and 
opinion makers, regional or national insti-
tutions, organizations and general opinion; 
market acceptance comprises the wind 
industry, project developers, operators, 

R
but also the grid companies, investors and 
the power consumer; and community ac-
ceptance includes the host communities 
with their manifold interests and popu-
lation groups. Hansen(2) proposed the 
endless triangle(3) in between the groups 
to symbolize the interactions and inter-
dependencies between them. The endless 
triangle also highlights the need to take 
all three stakeholder groups into account 
as acceptance on a public, market and 
community level is necessary to establish 
projects.

IEA Wind Task 28 was set up three 
years ago as an interdisciplinary and 
trans-national working group to con-
solidate and review the current research 
and to exchange regional experience 
with experts from many countries. The 
diverse background of disciplines, ex-
perience, and regional framework from 
Europe, Northern America, and Japan 
(Table 1) enabled a broad view on the 
issues of wind energy acceptance. It is 
intended to help practitioners, politi-
cians, and communities alike to improve 
the projects and to make them accept-
able to a broad majority. 

2.0 Objectives and Strategy
IEA Wind Task 28 aims to assist par-
ticipating countries in reaching their 
ambitious renewable energy goals. The 
exchange should result in the transla-
tion of current research knowledge into 
the language of developers, planners, ad-
ministrative bodies, and communities to 
bring forward wind energy projects. The 
current activities, based on the three 
work packages proposed (Figure 1), are 
concentrating on: 

•	International	 forum	 for	 exchange	
of knowledge and experiences re-
lated to social acceptance and other 
societal issues of wind energy de-
velopment: working group meeting 
regularly and national experts gath-
ering in connection with the work-
ing group meetings
•	Based	 on	 the	 knowledge	 of	 the	
State-of-the-Art Report, Good 
Practice Recommendations have 
been developed and will be pub-
lished in 2012 as an excerpt of the 
three year exchange 
•	Dissemination	 activities	 have	 been	
developed successively in the last 
three years including working group 
members promoting the knowledge 
gained in their work and within the 
international forum in presentations 
and papers. The Operating Agent 
explicitly passed the results of the 
Task`s work on by presentations, 
workshops and publications. 
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Table 1. Task 28 participants
Country Institution(s)

1 Canada Natural Resources Canada, CANMET Energy Technology 
Centre; University of Québec at Montréal

2 Denmark Danish Energy Authority; Ministry of Climate and Energy

3 Finland Finnish Funding Agency for Technology and Innovation, 
Energy and Environment Industries (TEKES); wpd Finland oy

4 Germany Federal Ministry for the Environment, Nature Conservation 
and Nuclear Safety; Martin Luther University; Otto von-
Guericke University

5 Ireland Sustainable Energy Ireland

6 Japan National Institute of Advanced Industrial Science and 
Technology; University of Tokyo

7 The Netherlands Agentschap NL, NL Energy and Climate

8 Norway Norwegian Water Resources and Energy Directorate; Enova 
SF; Norwegian University of Science and Technology, Centre 
for Energy and Society

9 Switzerland Federal Department of the Environment, Transport, Energy 
and Communications, Swiss Federal Office of Energy; ENCO 
Energie Consulting AG, Wind department

10 United States U.S. Department of Energy, National Renewable Energy 
Laboratory Wind Technology Center

Figure 1. Schedule, work packages, and anticipated results of Task 28

The structure of social acceptance 
issues developed at the beginning of the 
Task 28 work has been retained for all 
following discussions, but has been re-
fined and elaborated (Figure 2):

3.0 Progress in 2011
Discussions on Good Practice Recom-
mendations and dissemination by work-
ing group members and the Operating 
Agent were the focus of 2011as a fur-
ther result of the Task`s work. 

The Good Practice Recommenda-
tions were already broached in 2010, but 

the two meetings in 2011 centered on the 
elaboration of this report and gave the work-
ing group time to work on them in detail: 
Fifth working group meeting in Utrecht, the 
Netherlands (spring 2011); Sixth working 
group meeting in Trondheim, Norway (au-
tumn 2011). Both meetings were connected 
with half-day meetings of national practitio-
ners and researchers.

A web meeting was held in Septem-
ber to prepare the autumn meeting and 
to keep the working group members 
up-to-date in a more interactive form 

than the regular mailings by the Operat-
ing Agent could offer. 

The Operating Agent and working 
group members also maintained con-
tacts with experts from countries that 
are not participating in the task. Some 
of these experts live in member coun-
tries of IEA Wind and therefore may be 
able to participate in a possible second 
phase of IEA Wind Task 28. The Oper-
ating Agent also answered several queries 
on the issue of social acceptance from 
around the world or placed social accep-
tance experts as speakers for conferences. 

The dissemination activities of 
working group members and the Oper-
ating Agent included in 2011:

•	Participation	 at	 the	 IEA	 Wind	
side event at EWEA 2011, by Er-
ic Lantz, NREL (http://www.
ewec2011.info/conference/side-
events/ieawind-summary-of-inter-
national-collaboration-on-wind-
energy-r-d-tasks/)
•	Input	 to	an	IEA	experts	group	on	
R&D priority setting and evaluation, 
by Stefanie Huber, ENCO AG 
•	Publication	for	Wiley Interdisciplin-
ary Reviews: Energy and Environment, 
“Large-scale wind deployment,” 
social acceptance, by Robert Hor-
baty, Stefanie Huber, ENCO AG, 
and Geraint Ellis, Queens Univer-
sity Belfast (in review)
•	Publication	 of	 a	 book	 chapter	 in	
Learning from Wind Power: Gover-
nance, Societal and Policy Perspectives 
on Sustainable Energy, “Social Ac-
ceptance of Wind Energy Proj-
ects: Learning from Trans-national 
experience,” by Stefanie Huber, 
Robert Horbaty, ENCO AG, Ger-
aint Ellis, Queens University Belfast 
(in review)
•	Presentation	at	the	10th	wind	en-
ergy symposium in St. Pölten, Aus-
tria, by Jan Hildebrand Zoellner, 
Otto-von-Guericke-University 
Magdeburg (http://www.awes.
at/?mdoc_id=1000826)
•	Presentation	 at	 a	 bilateral	 South	
Africa training event in Johan-
nesburg, by Gundula Hüb-
ner, Martin-Luther-University 
Halle-Wittenberg
•	Interview	 for	 the	 Wind Directions 
magazine of EWEA, by Stefanie 
Huber, ENCO AG 

Task 28
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Figure 2. Elements of social acceptance (of wind energy) as 
collected by IEA Wind Task 28

•	Interview	for	the	Les affaires jour-
nal on social acceptance issues, by 
Maya Jegen, University of Québec 
(http://www.lesaffaires.com/ar-
chives/generale/privatiser-un-mot-
a-utiliser-avec-prudence-au-que-
bec/525100)
•	Publication	 in	 the	 Bulletin maga-
zine of the Swiss electricity branch, 
by Stefanie Huber, ENCO AG, 
Markus Geissman, Swiss Federal 
Office of Energy (http://www.bul-
letin-online.ch/de/themen/artikel-
detailansicht/news/4071-soziale-
akzeptanz-von-windenergie.html)
•	Results	 from	 IEA	Wind	Task	28	
work were also integrated in pub-
lications by Gundula Hübner in 
German publications on acceptance 
of renewable energies.

The website and the web database 
were regularly updated and include all 
available public publications and presen-
tations of IEA Wind Task 28. Amongst 
others, the dissemination and link page 
were elaborated. The working group al-
so discussed a presence on social media, 
but decided on rather focusing on the 
production of relevant knowledge and 
passing this knowledge onto practitio-
ners and institutions. 

The visits on the website, www.so-
cialacceptance.ch, developed as shown 
in Figure 3. The visitors continuously 
increased during the first three-year pe-
riod. It is very interesting to see the peak 
in spring/summer 2011, which coin-
cides with the events in Fukushima and 

the redefinition of energy policy in sev-
eral countries. 

3.0 Plans for 2012 
and beyond
In 2012, the final report of IEA Wind 
Task 28 will be finished and presented 
to IEA Wind ExCo together with the 
final proposal on the possible continua-
tion of IEA Wind Task 28 with a second 
three-year period. Discussion of a pos-
sible continuation of the task began in 
2011 and a short proposal on a possible 
second phase was discussed at IEA Wind 
ExCo 68.  

Interesting topics for the next three-
year period include: Measurement and 
monitoring with respect to quantifica-
tion and valuation, assessment of the 
magnitude of the issue, and tracking of 
developments; support for the establish-
ment of policies and standards; success-
ful supporting structures; discussion of 
current and new issues influencing social 

Figure 3. Development of daily visitors on www.socialacceptance.ch between 
summer 2008 and February 2012, the running time of IEA Wind Task 28

acceptance that are being debated in the 
participating countries and stressing of 
research gaps; deduction and dissemina-
tion of the lessons learned, good prac-
tices, successful strategies, etc.

The working group would also like 
to include new participating countries 
from IEA Wind. It would be especially 
useful to have more countries from Asia 
and other continents to broaden the 
experience also to developing coun-
tries. The core element of Task 28 with 
a working group meeting regularly and 
connected national expert meetings 
should be continued. A meeting in sum-
mer 2012 is planned where a “success 
control” of the first phase and the kick-
off for the next phase should be com-
bined around a Topical Expert Meeting 
(IEA Wind Task 11) in Switzerland. 

Further, the publications in review 
and in press will be moved through to 
publication. 
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1.0 Introduction
n the past, the accuracy of wind tur-
bine design models has been assessed 
in several validation projects (1). 

They all showed that the modeling of 
a wind turbine response (i.e. the power 
or the loads) is subject to large uncer-
tainties. These uncertainties mainly find 
their origin in the aerodynamic model-
ing where several phenomena such as 
3-D geometric and rotational effects, 
instationary effects, yaw effects, stall, and 
tower effects, among others, contribute 
to unknown responses, particularly at 
off-design conditions. 

The availability of high quality mea-
surements is the most important pre-
requisite to gain insight into these un-
certainties and to validate and improve 
aerodynamic wind turbine models. For 
this reason, the European Union proj-
ect MEXICO: Measurements and EX-
periments In COntrolled conditions has 
been carried out (2). In this project, 10 
institutes from six countries cooperated 
in doing experiments on an instrument-
ed, 3-bladed, 4.5-m diameter wind tur-
bine placed in the 9.5 m2 open section 
of the Large Low-speed Facility (LLF) 
of German Dutch Wind Tunnel (DNW) 
in the Netherlands. The opening pho-
to shows the set-up of the MEXICO 
model in the LLF tunnel of DNW. The 
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collector is shown in the background 
and the nozzle in the foreground. The 
measurements were performed in De-
cember 2006 and resulted in a database 
of combined blade pressure distributions, 
loads, and flow field measurements that 
can be used for aerodynamic model val-
idation and improvement. 

Previous measurements (on a 10-m 
diameter turbine) were performed by 
the National Renewable Energy Labo-
ratory (NREL) in the National Aero-
nautics and Space Administration (NA-
SA) Ames wind tunnel (8). An obvious 
difference between the two types of ex-
periments lies in the larger size of tur-
bine diameter for the latter experiment. 
On the other hand, the NASA-Ames 
experiment only concerned rotor mea-
surements, whereas the MEXICO ex-
periment also included flow field mea-
surements of inflow and wake. These are 
important features in understanding dis-
crepancies between calculated and mea-
sured blade loads because the load calcu-
lations take place in two steps. First, the 
flow field around the blade (i.e. the in-
duction) is calculated, and second from 
that the loads are derived. Each of these 
steps has its own uncertainty (e.g. the 
second step may contain the uncertainty 
in airfoil characteristics). In conventional 
experimental programs, only blade loads 

are measured, therefore, it is not possible 
to distinguish between these two sources 
of discrepancies. The addition of flow 
field measurements should open up this 
possibility.

The MEXICO project database was 
still in a rather rudimentary form and on-
ly limited analyses were carried out. This 
is the case because the amount of data is 
vast and the time needed to analyze all 
data is extremely long for a single party. 
As such, it was beneficial to organize the 
analysis of the MEXICO data in a joint 
project under IEA Wind, since this made 
it possible to share tasks. Added value al-
so lied in the fact that the task served as 
a forum for discussion and interpretation 
of the results. The outcome of the data 
analysis was better than the summed result 
from the individual projects. 

In the IEA Wind Task 29, 
MEXNEX(T), the accessibility of data 
is facilitated and a thorough analysis of 
the data takes place. This includes an as-
sessment of the measurement uncertain-
ties and a validation of different catego-
ries of aerodynamic models. The insights 
have been compared with the insights 
that were gained within IEA Wind Task 
20 (8) on the NASA-Ames experiment 
and other wind tunnel experiments. The 
Operating Agent is the Energy Research 
Center of the Netherlands where the 
following institutes participate. 

In principal MEXNEX(T) ended in 
2011. In October 2011 a second phase 
of MEXNEX(T)  was approved at the 
68th Executive Committee meeting of 
the IEA Executive Committee which 
was kicked-off in December 2011. The 
present report mainly describes the 
progress on the first phase. More infor-
mation is given on the second phase of 
MEXNEX(T) in section 4.0.

2.0 Objectives and Strategy
The objective of the IEA Wind Task 29 
MEXNEX(T) was to improve aerody-
namic models used for wind turbine de-
sign. Therefore the participants conducted 
a thorough investigation of the measure-
ments that were carried out in the EU 
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sponsored MEXICO project. Special at-
tention was paid to yawed flow, instationary 
aerodynamics, 3-D effects, tip effects, non-
uniformity of flow between the blades, 
near wake aerodynamics, turbulent wake, 
standstill, tunnel effects, etc. These effects 
were analyzed by means of different cate-
gories of models (CFD, free wake methods, 
engineering methods, etc.). A comparison 
of the MEXICO findings with the find-
ings of the NASA-Ames and other ex-
periments was also carried out. As such, the 
Task has provided insight on the accuracy 
of different types of models and (descrip-
tions for) improved wind turbine models. 
In order to reach the objective, the work-
plan was divided into five work packages:

•	WP1:	 Processing/presentation	
of data, uncertainties. The aim of 
this work package was to provide 
high quality measurement data 
to facilitate and compare calcula-
tions. To that end, the quality of 
the data is assessed and the data was 
reprocessed. 
•	WP2:	 Analysis	 of	 tunnel	 effects.	
The 4.5-m diameter wind turbine 
model was placed in the open jet 
section of the LLF facility (9.5 m x 
9.5 m). This ratio of turbine diam-
eter over tunnel size may make the 
wind tunnel situation not fully repre-
sentative of the free stream situation. 

Table 1. Task 29 participants
Country Institution(s)*

1 Canada École de technologie supérieur, Montreal (ETS), University of 
Victoria (Uvic)

2 Denmark Risø National Laboratory (Risø-DTU) and DTU (MEK)

3 Germany University of Stuttgart (IAG), University of Applied Sciences at 
Kiel, ForWind, Windguard

4 Japan Mie University/National Institute of Advanced Industrial 
Science (Mie/AIST)

5 Korea Korea Institute of Energy Research (KIER) and Korea 
Aerospace Research Institute (KARI)

6 the Netherlands Energy Research Center of the Netherlands (ECN), Technical 
University of Delft (TUDelft), Suzlon Blade Technology (SBT), 
and the University of Twente

7 Norway Institute for Energy Technology/Norwegian University of 
Science and Technology (IFE/NTNU)

8 Spain Renewable Energy National Center of Spain (CENER) and 
National Institute for Aerospace Technology, INTA 

9 Sweden Royal Institute of Technology/University of Gotland (KTH/
HGO)

10 the United States National Renewable Energy Laboratory (NREL)

* Technion in Israel is a subcontractor to Task 29.

Therefore, tunnel effects were stud-
ied with advanced CFD models. 
•	WP3:	 Comparison	 of	 calcula-
tional results from different types 
of codes with MEXICO measure-
ment data. In this work package, 
the calculational results from the 
codes that are used by the partici-
pants were compared with the data 
from the MEXICO experiment. 
•	WP4:	 Deeper	 investigation	 into	
phenomena. In this work pack-
age, a deeper investigation of dif-
ferent phenomena took place. The 
phenomena were investigated with 
isolated sub-models, simple analyti-
cal tools, or by physical rules. The 
phenomena which were investi-
gated included 3-D effects, insta-
tionary effects, yawed flow, non-
uniformity of the flow between 
the blades (i.e. tip corrections), the 
wake flow at different conditions, 
standstill and rotational effects.
•	WP5:	 Comparison	 with	 results	
from other (mainly NASA-Ames) 
measurements. The results from 
WP3 and WP4 provided many in-
sights on the accuracy of different 
codes and their underlying sub-
models. Within WP5 it was inves-
tigated whether these findings are 
consistent with results from other 

aerodynamic experiments, particu-
larly the data provided within IEA 
Wind Task 20 by NREL (i.e. the 
NASA-Ames experiment). 

3.0 Progress in 2011
In 2011, the project was completed and 
a final report prepared. This report will 
be published at www.ieawind.org in 
2012 after it has been approved by the 
IEA Wind Executive Committee.

Instead of making various task re-
ports for the different Work Packages it 
was decided to make one coherent final 
report in which all Work Packages re-
ports are included. Apart from the Work 
Package descriptions it includes all com-
parisons between calculations and mea-
surements together with an analysis of 
these comparisons. The calculational 
models are also described and where 
possible the explanation between calcu-
lations and measurements is related to 
model differences. 

The main conclusions and results 
from the project as described in the final 
report are: 

•	Aerodynamics	 is	 very	 important	
for the successful employment of 
wind energy
•	It	 is	 the	 combination	 of	 mea-
surements of detailed aerodynamic 
loads and detailed flow field which 
makes the MEXICO experiment 
unique and an assessment could be 
made of several codes on basis of 
loads and velocity measurements
•	At	 first	 sight	 the	 agreement	 be-
tween calculated and measured 
loads is less than expected from 
other projects (e.g. the blind com-
parison from IEA Wind Task 20). 
Further analysis shows that the cal-
culational results from IEA Wind 
Task 20 were generally more ran-
domly distributed in a wide spread 
around the measured results. In 
MEXNEX(T)  the level of dis-
agreement is of the same magni-
tude but it is striking to see that 
all loads along the blade are con-
sistently over predicted. The avail-
ability of velocity measurements 
made it possible to find a ‘direction’ 
for the explanation: The relation 
between loads and velocities does 
not seem to obey the momentum 
relation and a vortex shedding is 
found at the inner part of the blade, 
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possibly due to a change in airfoils. 
Although some codes do predict 
some vortex shedding, they do 
not predict the impact on the ve-
locity field in agreement with the 
measurements. 
•	Despite	 the	 fact	 that	 some	 re-
sults are not understood it is ex-
tremely important to note that 
generally speaking the understand-
ing of the 3-D flow field around 
a wind turbine and the near wake 
has increased enormously. Fur-
thermore it was, for the first time, 
possible to validate the flow details 
around a wind turbine with design 
codes. These details were predict-
ed extremely well, even in yawed 
conditions. 
•	All	 engineering	 codes	under-pre-
dict the loads at stalled conditions. 
The same was found in the com-
parisons made with measurements 
from IEA Task 14/18 and NREL 
Phase VI (NASA-Ames). It was 
found that CFD predicts these loads 
better. CFD also predicts the loads 
under yawed conditions better than 
most engineering models.
•	Directions	 have	 been	 given	 for	
engineering model improvement: 
stall delay effects should be en-
hanced and the tip speed ratio de-
pendency in the Prandtl tip loss 
factor should be adjusted. Further-
more, in case of asymmetric flow, 
the velocities at a particular blade 
should include the velocities in-
duced by the bound vortex of the 
other blades.
•	The	 Mexico	 data	 analyzed	 in	
MEXNEX(T)  are stored in a re-
ported database, which, after sign-
ing an NDA is made accessible to 
outside parties;
•	The	 MEXICO	 experiment	 was	
repeated on two smaller scales which 
led to insights in scaling effects
•	Results	 have	 been	 published	 and	
presented in at least 27 papers and ar-
ticles, see (10), (11), and (15) to (39). 

The main recommendations as de-
scribed in the final report are that aero-
dynamic validation material is far too 
limited. Much more detailed aerody-
namic measurements are needed, both in 
the field (full scale) as well as in the wind 

tunnel. Details should be measured of the 
flow field, pressure distributions and loads, 
boundary layer, and noise sources.

With regard to noise sources, it 
should be realized that the acoustics of a 
wind turbine are ‘driven’ by the aerody-
namics. As such a good understanding of 
the acoustics requires detailed acoustic 
measurements in combination with de-
tailed aerodynamic data. New measure-
ments under a ‘New Mexico’ activity are 
needed including flow field measure-
ments of the inner part in order to solve 
the problem of the non-understood re-
lation between loads and velocities.

4.0 Plans for 2012 
and beyond
MEXNEX(T)  Phase 1 is finished. 
However, all participants expressed 
their wish for a follow-up IEA Wind 
Task on aerodynamics. This resulted 
in a proposal for a second phase of the 
task, MEXNEX(T)-II, which was ap-
proved at the 68th IEA Wind Executive 
Committee meeting. In addition to the 
MEXNEX(T) Phase I participants, Chi-
na has also expressed interest in joining 
MEXNEX(T)-II.

Generally speaking MEXNEX(T)-
II consists of two elements:

1. An inventory and further analy-
sis of ALL historical aerodynamic wind 
turbine measurements (where history 
ranges from very past to very recent, and 
includes the MEXICO experiment). 
This is believed to lead to the maximum 
possible understanding of wind tur-
bine aerodynamics. In principle, no new 
measurements are foreseen apart from 
PIV measurements on the scaled down 
MEXICO rotor from INTA. Further-
more, under the condition that funding 
can be secured, the scaled down MEX-
ICO rotor from Kier will be placed in 
the TUDelft Open Jet Facility where 
PIV measurements will be performed. 
These measurement will confirm or 
contradict the findings on the MEXI-
CO rotor and they will anyhow lead to 
additional insights on the non-under-
stood phenomena.

2. Brainstorming workshops on aero-
dynamics. These workshops will be orga-
nized in conjunction with EERA (a Eu-
ropean program which aims to align the 
programs of various research institutes). 

Some of the questions from the 
MEXNEX(T) project can only be an-
swered with additional dedicated mea-
surements. Therefore, a proposal has 
been made by all MEXNEX(T)  par-
ticipants for the European Union aero-
space project ESWIRP, see http://www.
eswirp.eu/.
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1.0 Introduction
he vast offshore wind resource 
represents a potential to use wind 
turbines installed offshore to 

make a significant contribution to the 
world’s energy supply. Design of off-
shore wind turbines can be complicated 
because offshore sites vary significantly 
through differences in water depth, soil 
type, and wind and wave severity, which 
requires the use of a variety of support 
structure types. These types include 
fixed-bottom monopiles, gravity bases, 
space-frames—such as tripods and lat-
tice frames (“jackets”)—and floating 
structures. In this context, the offshore 
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wind industry faces many new design 
challenges.

Wind turbines are designed and 
analyzed using simulation tools (i.e., de-
sign computer codes) capable of predict-
ing the coupled dynamic loads and re-
sponses of the system. Land-based wind 
turbine analysis relies on the use of ae-
ro-servo-elastic computer codes, which 
incorporate wind-inflow, aerodynamic 
(aero), control system (servo), and struc-
tural-dynamic (elastic) models in the 
time domain in a coupled simulation 
environment. In recent years, some of 
these codes have been expanded to in-
clude the additional dynamics pertinent 

to offshore installations, including inci-
dent wave characteristics, sea currents, 
hydrodynamics, and foundation dynam-
ics of the support structure. The sophis-
tication of these aero-hydro-servo-elas-
tic codes and the limited data available 
that is available to validate them with 
underscores the need to verify their ac-
curacy and correctness.

The Offshore Code Comparison 
Collaboration (OC3), which operated 
under Subtask 2 of the IEA Wind Task 23, 
was established to meet this need. Task 23 
was completed in 2009; in 2010, a new 
task - Task 30 OC3 continuation (OC4) 
project was established to continue the 
work. Task 30 OC4 is led cooperatively 
by the National Renewable Energy Lab-
oratory (NREL) and the Fraunhofer In-
stitute for Wind Energy and Energy Sys-
tems Technology (IWES).

Since the project began, 84 individ-
uals from 35 organizations in 14 coun-
tries have contributed to the task. Many 
more have participated via e-mail com-
munication, but have not been able to 
attend physical meetings.

2.0 Objectives and Strategy
The purpose of the OC4 project is to 
perform a benchmarking exercise of off-
shore wind turbine dynamics computer 
codes. To test the codes, the main activi-
ties of OC4 are to (a) discuss modeling 
strategies, (b) develop a suite of bench-
mark models and simulations, (c) run 
the simulations and process the simula-
tion results, and (d) compare and discuss 
the results. These activities fall under 
broader objectives including:

•	Assessing	 the	 accuracy	 and	 re-
liability of simulations to estab-
lish confidence in their predictive 
capabilities
•	Training	new	analysts	 to	 run	and	
apply the codes correctly
•	Identifying	 and	 verifying	 the	 ca-
pabilities and limitations of imple-
mented theories
•	Investigating	 and	 refining	 applied	
analysis methodologies

Photo by Amber Taylor
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Table 1. Task 30 Participants 
Country Institution(s)

1 China, CWEA China General Certifi cation Center

2 Denmark DTU Wind Energy, campus Risø, DHI   

3 Finland VTT Technical Research Centre

4 Germany Fraunhofer IWES, Germanischer Lloyd, Leibniz Universität 
Hannover, REpower, University of Stuttgart

5 Greece Aristotle University of Thessaloniki, National Technical 
University of Athens

6 Japan University of Tokyo

7 The Netherlands Energy Research Centre of the Netherlands (ECN), The 
Knowledge Centre WMC, GustoMSC, TU Delft

8 Norway Center for Ships and Ocean Structures at Norwegian 
University of Science and Technology (NTNU), FEDEM 
Technology, Institute for Energy Technology, Marintek

9 Spain Acciona Energia, ALSTOM Wind, CENER, SAMTECH

10 United States ABS, National Renewable Energy Laboratory, Principle Power, 
MSC Software, Texas A&M University, Clear Path Energy

Observers SAMTECH, Belgium; Pohang University of Science 
and Technology, University of Ulsan, Korea; GE Wind, 
Teknikgruppen, Sweden; GL Garrad Hassan, UK

•	Identifying	 further	 research	 and	
development (R&D) needs.

Such verification work, in the past, 
led to dramatic improvements in model 
accuracy as the code-to-code compari-
sons and lessons learned helped iden-
tify model deficiencies and needed 
improvements. 

In Task 23 OC3, and now again in 
Task 30 OC4, the “NREL 5-MW off-
shore baseline turbine” (1) is used as 
the turbine model. Emphasis is given to 
the verification of the offshore support-
structure dynamics as part of the dy-
namics of the complete offshore wind 
turbine system. This emphasis distin-
guishes OC3 and OC4 from previous 
wind turbine code-to-code verification 
activities. To encompass the variety of 
support structures required for cost ef-
fectiveness at varying offshore sites, dif-
ferent support structures (for the same 
wind turbine) are investigated in sepa-
rate phases of the projects. In OC3, four 
phases were used to consider (I) a fixed-
bottom monopile with rigid founda-
tion, (II) a fixed-bottom monopile with 
flexible foundation, (III) a fixed-bottom 
tripod, and (IV) floating spar buoy. The 
results of the OC3 project are summa-
rized in its final report (2). OC4 consists 
of two phases that were not considered 

in OC3: (I) analysis of a wind turbine 
on an offshore fixed-bottom jacket and 
(II) analysis of a wind turbine on an off-
shore floating semisubmersible (see Fig-
ure 1). Additionally, an experts meeting 
on the topic of test methods, data avail-
ability, and code validation is planned as 
a stand-alone meeting.

Figure 1. Offshore wind system designs 
analyzed in Task 30, OC4

(b) Floating Semisubmersible to be Ana-
lyzed in OC4 Phase II

(a) Fixed-Bottom Jacket Being Ana-
lyzed in OC4 Phase I (Wind Turbine Not 
Shown)

3.0 Progress in 2011
The project had two physical meetings 
in 2011; the first was in conjunction 
with the ISOPE conference in Maui, 
Hawaii, United States, in June. The 
second meeting was held in conjunc-
tion with the European Wind Energy 
Association (EWEA) offshore confer-
ence in Amsterdam, the Netherlands, in 
December. In between physical meet-
ings, progress was made through e-mail 
communication and Internet-meetings 
scheduled every one to two months. 
Since the project’s initiation, many new 
countries joined IEA Wind Task 30, for 
a total of 10 committed countries. A few 
countries are still considering joining as 
of February 2012. 

Significant progress was made on 
Phase I of the project, the analysis of 
a wind turbine on an offshore fixed-
bottom jacket. The fixed-bottom jacket 
system design analyzed in Phase I of 
OC4 was finalized and disseminated to 
the project participants. The specifica-
tion consists of the geometry, mechani-
cal properties, hydrodynamic coeffi-
cients, and marine growth of the jacket. 
The OC4 jacket was based on the jacket 
designed by Rambøll for the UpWind 
project (3). The jacket was designed to 
support the NREL 5-MW offshore 
baseline wind turbine (1). The load cases 
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analyzed in Phase I were finalized and 
disseminated to the project participants. 
The specifications consist of the model 
features, wind conditions, wave condi-
tions, analysis type, and output param-
eters appropriate for each case. Stochas-
tic wind files were generated and dis-
seminated to participants for use in the 
simulations.

Using the Phase I jacket system de-
sign, sixteen different organizations have 
now run some to all of the cases de-
scribed for this phase. Simulation results 
have been presented in the Internet-
meetings, and the reasons for discrepan-
cies between the results have been dis-
cussed. Comparison of the results has 
been made through component masses, 
system eigenfrequencies, static loads, 
time histories, spectra, statistics, and 
damage equivalent loads. Several rounds 
of revisions have been made by the par-
ticipants in an attempt to converge to 
similar values. With a few exceptions, 
the results have compared well among 
the various models. The lessons learned 
so far have improved our understanding 
of the modeling and dynamics of off-
shore jacket support structures applied 
to wind turbines. A summary paper of 
the analysis has been submitted by the 
OC4 committee for presentation at the 
ISOPE conference in June, 2012 (4).

The configuration of the semi-sub-
mersible design to be used for Phase II 
was decided at the June physical meet-
ing by a vote. The choices were between 
designs developed for the DeepCwind 
project in the U.S. and the design to be 
used in the HiPRwind project in Eu-
rope. The decision was made to use the 
DeepCwind design, primarily because 
of the open availability of the design. A 
presentation on the specifications of the 
design was given at the December phys-
ical meeting. Suggestions were made on 
how to refine the design further and 
these design refinements are ongoing.

Planning has begun for the experts 
meeting on validation. The meeting will 
take place 15-16 May 2012 in Boulder, 
Colorado, United States near NREL. 
Invitations were sent to potential par-
ticipants and speakers.

A SharePoint website (oc4.collabo-
rationhost.net) was established for the 
exchange of data related to this project. 
The website contains all material related 
to the project (meeting presentations/

minutes, model and load case descrip-
tions, and simulation results). The ma-
jority of the website is open to anyone 
who requests a password, with the ex-
ception of the simulation results, which 
are restricted to only participants from 
those countries who have formally 
committed to joining this project. All 
information from the Task 23 OC3 
project was also uploaded to the OC4 
SharePoint site, including: meeting pre-
sentations/minutes, model descriptions, 
simulation results, and publications from 
all of the phases. Public information 
from Task 23, OC3 activities remains on 
the www.ieawind.org web.

Many participants of OC4 who were 
also actively involved in the OC3 project 
under IEA Wind Task 23 Subtask 2 have 
worked on a journal article summarizing 
the OC3 project’s process and important 
results. This article is being considered for 
publication in Wind Energy.

4.0 Plans for 2012 
and Beyond
IEA Wind Task 30 will last for three 
years. Each phase will last for about two 
years, with one year of overlap in the 
middle. Phase I of the project is sched-
uled to be completed in the spring of 
2012, with a conference paper to be 
presented at the ISOPE conference in 
June 2012 in Rhodes, Greece. Addition-
al papers will be created on the results of 
the experts meeting and Phase II analy-
sis. A final report encompassing the en-
tire project will be published at the end 
of the task.

Work has begun on Phase II. The 
DeepCwind semi-submersible design to 
be used in this phase will be described 
in a specification report, to be released 
to members in the spring of 2012. The 
details of this design will be discussed 
and refined at the next physical meeting 
in June 2012. Analysis of this design will 
then begin in the months following this 
meeting after a final design is decided 
and the load cases to be run are defined. 
A second physical meeting will be held 
in the fall/winter time-frame of 2012.

The topical experts meeting will 
take place on 15-16 May 2012 in Boul-
der, Colorado near NREL’s National 
Wind Technology Center. The purpose 
of the meeting will be to bring experts 
together to discuss the issues associated 
with validating a model of an offshore 

wind system, and decide a path forward 
to collaborate on these issues, potentially 
through a new IEA Wind task.

The verification activities that were 
performed in OC3 and are continuing 
in OC4 are important because the ad-
vancement of the offshore wind indus-
try is closely tied to the development 
and accuracy of dynamics models. Not 
only are vital experiences and knowl-
edge exchanged among the project par-
ticipants, but the lessons learned have 
and will continue to help identify de-
ficiencies in existing codes and needed 
improvements, which will be used to in-
crease the accuracy of future predictions.
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1.0 Introduction
ince the late 1980s with the ap-
pearance of the European Wind 
Atlas (1), the standard model for 

wind resource assessment has been the 
Wind Atlas Analysis and Application 
Program (WAsP) with its Wind Atlas 
Methodology. The model, based on a 
linearization of the Navier Stokes equa-
tions originally introduced by Jackson 
and Hunt (1975), is meant to be used 
reliably in neutral atmospheric condi-
tions over mild terrain, with sufficiently 
gentle slopes in order to ensure fully at-
tached flows. Nevertheless, due to its 
simple usage and the increasing experi-
ence of the users with the model, WAsP 
has also been used in situations out of its 
range of applicability. 

The alternative to linear mod-
els, such as WAsP, is to retain the non-
linearity of the Navier Stokes equations 
and simulate both momentum and 
turbulence with computational fluid 
dynamics (CFD) models adapted to at-
mospheric flows. Even though the com-
putational cost is significantly higher 
compared to linear models, it is current-
ly affordable for conventional personal 
computers. The application of CFD in 
wind resource assessment is still large-
ly based on Reynolds average Navier 
Stokes (RANS) (2) turbulence models 
because large-eddy simulation (LES) 
(3) still remains far more costly and few 
academic simulations have been made in 
small sites. CFD models based on steady 
RANS simulations are being developed 
for wind resource assessment in order to 
complement linear models in complex 
terrain and other complex flow situa-
tions (wakes, forests, obstacles, etc.). 

Using CFD in operational wind 
resource assessment is less than 10 years 
old and a large variety of commercial 
and research models are in the market. 
Yet, the transition from traditional linear 
models requires significant training and 
experience from the user. This is due to 
the extended degrees of freedom of the 
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CFD solver, compared with the linear 
model, which is more user-dependent. 
To overcome this difficulty, commercial 
CFD software developers are designing 
user-friendly interfaces that can emu-
late to some extend the traditional way 
of working with linear models. Research 
CFD models in contrast are either based 
on generic commercial CFD solvers or 
on in-house or open-source codes and 
are used by researchers due to their 
flexibility to adapt to site-specific topo-
graphic and atmospheric conditions. 

As with wind modeling, wake mod-
eling for wind turbines originated in 
the 1980’s with work by Ainslie (1988) 
(4). These algebraic models, which are 
still widely used for wind farm layout 
today, are based on simple momentum 
and fluid dynamic similarity theories 
or simplified solutions to the Navier 
Stokes equations. The problem with 
these models is that they lack many of 
the required physical processes needed 
to predict wind turbine wake behavior. 
This results in unpredicted wake losses 
by 10% in many operational wind farms.

The turbine models embedded in 
an atmospheric model come in many 
different varieties and ranges of com-
plexity, and they are used for different 

scales of calculations. The simplest is a 
drag element that extracts momentum 
and injects turbulence over a few simu-
lation grid points. These models often 
use mesoscale models with larger do-
mains to determine macro influences 
of large wind farms. The next level of 
complexity is blade element momen-
tum-based models that calculate blade 
forces and the wake influence using a 
global momentum balance. The forces 
in these models are then distributed 
around a disk and the influence of axial 
and rotational momentum is then prop-
agated into the wake. Such a model can 
also be coupled to a wake meandering 
model that predicts the unsteady oscil-
lation of the wake as it moves down-
stream. As turbine models get more 
complicated, the details of the blade 
aerodynamics become more prevalent. 
Recent calculations of multiple tur-
bine interactions have used actuator line 
methods, where the blades are treated as 
airfoils distributed along rotating lines. 
Various other inviscid calculations of 
blade aerodynamics can also be used, 
including panel methods and boundary 
element methods that directly calculate 
the blade forces instead of using airfoil 
lookup tables.
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With the need to calculate viscous 
aerodynamics of the blades, research-
ers have moved into CFD modeling. As 
with wind models, researchers have used 
RANS, unsteady RANS, detached eddy 
simulation (which is a hybrid between 
RANS and LES), and even full LES of 
rotating blades. Researchers have also 
created computational domains where 
the rotor plane is treated as a viscous 
area and the downstream region treated 
as inviscid, which can lead to significant 
savings of computational time. Although, 
typically the more detail contained in 
the turbine model, the smaller the simu-
lation due to constraints of computing 
resources.

In both wind and wake modeling, 
the model developer has to design a 
model evaluation strategy to prove that 
the model is correctly formulated (veri-
fication) and to provide an accurate rep-
resentation of the real world from the 
perspective of the intended uses of the 
model (validation). 

Verification, validation, and uncer-
tainty quantification (VV&UQ) are fun-
damental problems in the development 
of any engineering model. This process 
allows a comprehensive transition from 
experience and test-based design to sim-
ulation-based design, producing more 
efficient and cost-effective design solu-
tions (5). The adoption of VV&UQ pro-
cedures is an unresolved issue in wind 
resource assessment due to the inher-
ent complexity of the system to model. 
The main difficulties are threefold: first, 
the domain size requires large wind tun-
nels and computer clusters, second, the 
wind conditions are the result of the in-
teraction of a wide range of spatial and 
temporal scales, and third, the simulation 
of open flow fields produces ill-defined 
boundary conditions. 

As stated in the COST 732 Action 
(2009) report on micro-scale model 
evaluation (6), there is neither a dis-
tinct definition of the requirements 
of a validation test case dataset nor the 
procedure to use it in a consistent and 
systematic way. A basic requirement for 
any validation exercise is that the model 
and the validation dataset share the same 
or a very similar hypothesis. This basic 
rule is already difficult to fulfill because 
most of the microscale wind assessment 

models are based on steady-state simula-
tions. Field measurements are intrinsical-
ly transient and modulated by mesoscale 
effects. Intensive filtering of the field 
data and ensemble averaging is often 
necessary in order to match the desired 
flow conditions. A complementary solu-
tion to this “limitation” of the field data 
is to conduct wind tunnel measurements 
at a reduced scale. The controlled envi-
ronment of the wind tunnel has been a 
fundamental tool for validation of CFD 
models even if, for atmospheric flows, all 
the similarity criteria cannot be met at 
the same time.

A clever strategy for VV&UQ that 
combines field and laboratory measure-
ments will be developed in this IEA 
Wind Task. To this end, a set of verifica-
tion and validation test cases will be se-
lected for benchmarking of models with 
increasing levels of complexity. Some 
test cases are readily available from the 
literature and some others will come 
from experimental facilities of the part-
ners of the project. These inter-compar-
ison case studies will produce enough 
background information for the discus-
sion of the VV&UQ strategies.

2.0 Objectives and Strategy
The Task aims at providing a forum for 
industrial, governmental, and academic 
partners to develop and define quality-
check procedures, as well as to improve 
atmospheric boundary layer and wind 
turbine wake models for use in wind 

energy. The working methodology will 
be based on the benchmarking of dif-
ferent wind and wake modeling tech-
niques in order to identify and quantify 
best practices for using these models un-
der a range of conditions, both onshore 
and offshore, from flat to very complex 
terrain. These benchmarks will involve 
model inter-comparison versus ex-
perimental data. The best practices will 
cover the wide range of tools currently 
used by the industry and will attempt 
to quantify the uncertainty bounds for 
each types of model.

Most of the work will be orga-
nized around benchmark exercises on 
validation test cases. In order to facili-
tate the management of these exercises, 
the “WINDBENCH” model validation 
web platform will be made available by 
CENER, which will act as administra-
tor. This tool is designed such that the 
test case can be managed by the owner 
of the data, with standardized procedures 
on how to define a test case, schedule 
the benchmark exercise, and adminis-
ter access to the data. A set of question-
naires will compile relevant information 
and guide the benchmark exercises. An 
evaluation protocol will be agreed to by 
the participants and a scientific commit-
tee will be designated to supervise the 
correct implementation of each test case.

3.0 Progress in 2011
Task 31 was approved by the IEA Wind 
ExCo in October 2010. Since then, the 

Figure 1. Sketch of the “WINDBENCH” webportal for management of test cases

Task 31
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OAs have been collecting expressions of 
interest from potential participants in the 
Task. In the first year of operation, the 
task has collected expressions of interest 
from more then 80 organizations. Cana-
da, Denmark, China, Greece, Italy, Japan, 
Norway, Spain, Sweden, Switzerland, 
U.K., and the U.S. have joined the task. 
The Netherlands and Germany have 
agreed to send letters of participation, 
and Ireland, Finland, and the Republic 
of Korea are considering joining.

4.0 Plans for 2012 
and Beyond
Besides the consolidation of the partici-
pants in the Task, 2012 will be devoted 
to the design of a detailed work plan. To 
this end an inventory of test cases will 
be elaborated and a schedule of basic 
simulations will be designed in order to 
get acquainted with the models and the 
evaluation protocol. 

The first deliverable of the Task will 
be the Evaluation Protocol for Wind 
Farm Models. The first draft will be 
discussed at the NREL workshop with 
the goal of releasing the first edition by 
the end of 2012. This document will be 
used in the remaining years of the Task 
to guide participants during the model 
inter-comparison benchmarks.
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11  Task 32
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1.0 Introduction
he aim of IEA Wind Task 32 is 
to address the very fast develop-
ment of wind lidar technologies 

and their applicability for more accurate 
measurement of wind characteristics 
relevant to reliable deployment of wind 
energy power systems. The purpose is 
to bring together actors in the research 
community and industry to create syn-
ergies in the many R&D activities al-
ready on-going in this new and very 
promising remote sensing-based mea-
surement technology. 

The Task has three main drivers. 
Firstly, no consolidated multi-lateral and 
international exchange on lidar technol-
ogy has taken place until today despite 
several research projects during the last 
years. Secondly, the spread of several new 
commercial lidar systems with different 
specifications makes it very difficult for 
the community to keep up with the ad-
vances of this specific technology. Finally, 
a large number of new applications only 
possible with wind lidar systems are being 
developed. However, their real potential 
cannot be assessed nor exploited without 

T
strong work between the research com-
munity and the industry.The present state 
of the lidar technology (Figure 1) can be 
summarized as: follows.

Several commercial and research 
systems are available. At the moment, all 
but one of these are based on the coher-
ent detection principle. The majority 
of the commercial systems available to-
day are built on a pulsed (range-gated) 
measurement technology. There already 
exists quite a fair amount of verifica-
tion data, which have been, or are be-
ing, measured by high-quality calibrated 
standard meteorological masts, of heights 
up to 100+ m. This serves as a basis 
for comparison of wind lidar system 
performance.

Ground-based lidar systems using 
the Velocity Azimuth Display (VAD) 
mode offer high correlation of the mea-
sured mean wind speed with conven-
tional cup anemometry in flat terrain. 
This has been supported by extensive 
comparison studies (1).

Today, there is high confidence in 
wind lidar measurements performed 
over flat terrain and fair atmospheric 

conditions. In complex conditions, how-
ever, there are needs for better site char-
acterizations and corresponding mitiga-
tion of errors due to non-homogeneities 
in the flow fields. 

An outstanding issue is also that li-
dar and conventional wind anemometry 
(e.g., cups) measure turbulence differ-
ently. This becomes evident when ver-
tical profiles of turbulence measured 
by lidars are compared with turbulence 
measured by conventional instrumenta-
tion (2, 3). Accurate turbulence mea-
surements are important for assessment 
of site-specific design conditions and 
wind turbine loads.

Most of the lidar systems at present 
have been developed for ground opera-
tion as replacement for conventional an-
emometry. However, new applications 
such as power curve measurement, load 
estimation, and wind turbine control 
make use of less standard approaches 
from the nacelle (4), spinner hub (5), or 
even blade-integrated. Likewise, floating 
lidars are under development to replace 
extremely expensive bottom-mounted 
offshore met towers.

New developments are being tested:
•	 Nacelle-based	 systems	 for	 con-
trol of wind turbines (6) and power 
curve measurements
•	 Systems	 based	 on	 multiple	 syn-
chronized lidar devices for ‘true’ 
three dimensional measurement
•	 Lidar	measurements	inside	and	in	
the wakes of wind farms

2.0 Objectives and Strategy
The proposed activities build upon the 
discussions and work already performed 
in regards to lidar technology during the 
51st (2007) and 59th (2009) IEA Wind 
Topical Expert Meetings on remote wind 
speed sensing techniques using sodar and 
lidar. Task 32 will only consider lidar sys-
tems even though sodar is also a remote 
sensing technique that was considered as 
an alternative to lidar systems in the IEA 
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Figure 1. State of the art lidar technology

Wind Topical Expert Meetings. This is be-
cause sodar- and lidar-based techniques 
differ both in the nature of the signals 
emitted (sound vs. light) and in their spe-
cific applications related to wind energy 
utilization. For instance, sodar systems are 
not yet suitable for power curve assess-
ment, are not useful for nacelle-mounted 
approaches, and do not include a scanner 
system. Task 32 will consequently address 
wind lidar technology only, with efforts 
and resources focused on a few detailed 
topics.

The understanding gained in IEA 
Wind Task 32 will be collected and sum-
marized in an IEA Wind Recommended 
Practices for Lidar Measurements that will 
be published in two editions. The first edi-
tion, expected by the end of 2012 or the 
beginning of 2013, will deal with standard 
procedures for the assessment of wind 
conditions in flat terrain. The second edi-
tion will include recommendations to 
improve lidar-measured wind and turbu-
lence accuracy. It will also contain recom-
mendations for lidar applications suitable 
for both flat terrain and complex flow 
conditions (to be published in 2014).

Task 32 is will have four subtasks, 
which have been selected as the most rel-
evant at present (Figure 2). 

2.1 Subtask I: Lidar measurements 
Comprehensive efforts have recently been 
undertaken to quantify the accuracy of 
lidar measurements and their compara-
bility with standard anemometry. This Figure 2. Scope and contents of the four subtasks

has revealed a high complexity, which re-
flects different sources of error, compared 
to standard anemometry. The sources for 
uncertainty have to be properly assessed 
in order to provide reliable measurements. 
Guidelines are needed to perform such 
assessments because the different tech-
nologies applied and the fast development 
of new methodologies and systems make 
comparability difficult to the end-user. 

Subtask I will request all participat-
ing institutes to re-run their calibration 
processes adopting other procedures al-
ready developed for lidar systems by 
other member organizations. This will 
reveal the benefits and issues of perform-
ing cross-calibrations. This will lead to 

refined procedures and to new and com-
monly approved wind lidar calibration 
procedures. This task can benefit from the 
results of several national and European 
projects.

2.2 Subtask II: Wind conditions
Comparisons between lidar systems and 
standard anemometry have shown good 
correlations concerning the average wind 
speed time averaged over a ten-minute 
period over flat terrain. This high degree 
of correlation between the mean quanti-
ties is however not possible to attain with 
the stochastic turbulent quantities, such as 
turbulence intensity. 

Subtask II will bridge the gap of 
understanding, by studying new ways to 
make a more comprehensive description 
of turbulence, which will be directly us-
able at the industrial level. In addition, 
the subtask will evaluate the perfor-
mance of lidar systems for resource as-
sessment: wind speed, turbulence, stabil-
ity, and boundary-layer characteristics 
in flat as well as complex terrain and 
offshore. In the near future, features that 
will be considered in the prediction of 
the annual power production of a spe-
cific site will include the speed at hub 
height as well as the entire vertical wind 
profile and possible additional parame-
ters like stability. For such purposes, new 
data analysis guidelines will be needed 
to make use of lidar vertical wind speed 
profiles in an appropriate manner. 
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2.3 Subtask III: 
Power curves and loads 
Recent research results have demonstrated 
the need for more comprehensive mea-
surements of the power curve of wind 
turbines. It has been shown that the wind 
shear has an important effect on the un-
certainty of power curves. The shear can 
be estimated with ground-based or na-
celle-based lidar systems. The first makes 
part of the recommendations for remote 
sensing measurements of the IEC-61400-
12-1 Annex L.

Subtask III aims at evaluating the 
present state of the art recommendations 
to include wind shear effects in the as-
sessment of power curves. Moreover, it 
will look at the different new nacelle-
based approaches and assess their accu-
racy and scope of applicability. The aim is 
to use a properly normalized set of data, 
which will be exchanged and could be 
used to estimate a wind power curve at 
a particular, hopefully standard, site with 
an application of different recommended 
methods. The advantages and disadvan-
tages of the methods could be then seen. 
Furthermore, efforts will be spent in the 
study of possible lidar-based methods to 
estimate the mechanical loads acting on a 
wind turbine. 

2.4 Subtask IV: Data management
This subtask is proposed as a cross-cut-
ting activity to establish and coordinate a 
platform for the exchange of the data re-
quired to meet the objectives of the en-
tire Task 32. Two types of data have been 
identified as necessary for the work. First, 
pure vertical wind speed profile measure-
ments, and second, wind speed measure-
ments plus turbine power and load data. 
The exchange of data is expected to take 
place in a “give-and-take” manner, where 
receivers of data also have to provide 
some data in return. 

3.0 Progress in 2011
IEA Wind Task 32 was approved by the 
IEA Wind ExCo in October 2011. Since 

then, the operating agent (manager) has 
been collecting expressions of interest 
from potential participants. By the end 
of December 2011, 17 institutions from 
eight countries have indicated their inter-
est and three participants – Denmark, Ja-
pan, and the United States – have submit-
ted their formal Notice of Participation to 
the IEA Executive Director.

4.0 Plans for 2012 
and beyond
The kick-off workshop of IEA Wind Task 
32, where the final work program will be 
agreed upon, has been scheduled for early 
spring 2012. Besides the consolidation of 
the participants in the Task, the coming 
year will be devoted to establishing the 
exchange procedure of lidar measurement 
data and to starting the cross-calibration 
among the participants. Therefore the fo-
cus of the work will be on the subtasks on 
lidar measurements and data management. 
The activities in the two other subtasks 
will begin in the second half of 2012. In 
addition, the preparation of the first edi-
tion of the IEA Wind Recommended 
Practices for Lidar Measurements has 
been scheduled for 2012.
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12  Task 33 
Reliability Data: Standardizing Data Collection for 

Wind Turbine Reliability, Operation, and Maintenance Analyses

1.0 Introduction
he formation of Task 33 Reli-
ability Data was approved by the 
IEA Wind Executive Committee 

in October 2011. It will continue for a 
period of three years beginning in 2012.

Experience has shown that reli-
ability and operation and maintenance 
(O&M) procedures can be improved 
(and costs reduced) when maintenance 
strategies are based on sound statistical 
approaches. Task 33 deals with standard-
ized, well-structured databases for opti-
mizing reliability and O&M procedures. 
It addresses the different developments 
of data collection and failure statistics 
to agree on standards and overall struc-
tures. The purpose is to bring together 
the present actors in the industry and 
research community to create synergies 
and agreements in the many R&D ac-
tivities already on-going in the field of 
statistical failure analysis. 

Task 33 aims to: 
•	Provide	an	open	forum	on	failure	
and maintenance statistics on wind 
turbines for exchange of experience 
from individual projects;
•	Develop	 an	 IEA	 Wind	 recom-
mended practice for collecting and 
reporting reliability data;
•	Identify	 research,	 development,	
and standardization needs for collect-
ing and reporting reliability data. 

T
2.0 Objectives and Strategy
High reliability of wind plants guaran-
tees a high degree of operating and per-
sonal safety, high system availability, and 
low necessary maintenance. These char-
acteristics are important to reducing the 
cost of energy from wind plants. Mod-
ern onshore wind turbines attain high 
technical availability of up to 98% (Fig-
ure 1). Evaluation of maintenance ac-
tivities in operating wind projects shows, 
however, that high availability requires 
additional maintenance work, which can 
be costly. Moreover, offshore wind farms 
with their increased difficulty of access 
for maintenance, stimulate the demand 
for improved reliability while keeping 
maintenance requirements low. 

Maintenance of wind turbines is 
currently planned and carried out ac-
cording to statutory requirements and 
rough guidelines from manufacturers. 
Unplanned maintenance measures due 
to sudden malfunction of components 
can cause serious economic losses, espe-
cially offshore. Experience, however, has 
shown that reliability and O&M proce-
dures can be improved when mainte-
nance strategies are based on sound sta-
tistical approaches.

Statistical analyses of O&M data of 
wind turbines and their components can 
be used to identify weak points and to 
define maintenance services at an early 
stage. Maintenance strategies should be 

shifted from unplanned and corrective 
measures to more preventive measures 
based on experience acquired at many 
locations. 

To take full advantage of histori-
cal data on reliability, a semi-automated 
and highly-simplified data management 
approach is needed. Effective analysis to 
improve reliability and maintenance re-
quires more parameters, data, and addi-
tional information than we see collected 
today. Electronically supported report-
ing by service teams will be necessary to 
supply this increased detail. 

2.1 The Data
A renowned wind turbine failure statis-
tic database has been established in the 
scientific measurement and evaluation 
program Wissenschaftliches Mess- und 
Evaluierungsprogramm (WMEP), in-
cluded in the German subsidy measure 
250 MW Wind (2).The WMEP data-
base contains a large quantity of O&M 
data and detailed information about 
both the reliability and availability of 
wind turbines. It provides the most 
comprehensive study of the long-term 
reliability behavior of wind turbines. It 
records the most trustworthy character-
istic reliability parameters published to 
date: mean time between failure (MT-
BF) and mean time to repair (MTTR).

Besides the WMEP database there 
exist more publicly available sources of 
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experience. However, these databases 
differ from each other in monitoring 
period, number, size, and type of wind 
turbines. They differ in the definition of 
subassemblies and failures, in the level of 
detail, and in the overall structure. Nev-
ertheless, surveys have been compared 
with one another, including WMEP, 
Windstats Germany and Denmark, 
Landwirtschaftskammer Schleswig-Hol-
stein (LWK) Germany, Elforsk Sweden, 
and VTT Finland. It has been found that, 
despite their differences, there is agree-
ment to a certain degree. However, the 
loads on wind turbine components dif-
fer due to the technical concepts and 
site conditions, which lead to a disper-
sion of results.

None of the publicly available 
failure databases are detailed and large 
enough for appropriate reliability anal-
yses. Even with a broad database, like 
WMEP, the breakdown in concept 
groups, power classes, site conditions, 
etc. lead to a point where the statisti-
cal basis is insufficient. Different life-
time expectations of the components 
and a spread of results are due to dif-
ferent strains on the wind turbine com-
ponents, (e.g., because of the technical 
concepts in use or different site char-
acteristics), but also due to the use of 
identical and similar components from 

different manufacturers. This shows the 
need for broader databases and for ap-
propriate standard data structures. 

2.2 Cooperation
Today, there is insufficient co-operation 
among wind industry stakeholders: op-
erators, manufacturers, component sup-
pliers, designers, service providers, and 
researchers. Such co-operation brings 
great benefits and is common in other 
industries such as aerospace. To use ex-
perience on wind turbine O&M to 
improve the result,  steps must be taken 
to gather the available knowledge. Al-
though wind energy has been used 
widely in recent years, common stan-
dards for the documentation of O&M 
measures as well as for a uniform struc-
ture of databases are still missing.

So far, data collection for opera-
tors is quite limited. It exists mostly as 
written reports from manufacturers or 
service companies with brief descrip-
tions or with encoded descriptions. The 
reports are usually not detailed enough 
for analysis and have no failure analysis. 
This lack of structure in reporting makes 
it difficult to carry out an effective and 
optimized maintenance based on analy-
sis of the past. It is therefore essential to 
pursue a standardized form of data. The 
biggest challenges are to implement 

systematic collection of data, uniform 
description of sub-assemblies, and de-
scription of operating conditions, mal-
functions, and failures equally. 

Several national initiatives now aim 
to collect failure information for reli-
ability analyses, e.g., Offshore~WMEP 
(3), Reliawind (4), EVW (5), Sandia 
CREW database (6), and OREDA da-
tabase (7). They all (except (7)) intend 
to establish a database for wind turbine 
failure statistics. Task 33 will endeavor 
to coordinate these effort to ensure 
that the results may be combined to 
increase the statistical basis available for 
analysis. All initiatives share the follow-
ing crucial issues:

1. Which data are to be collected? 
2. What data are needed for the 
different analyses? 
3. How to implement a system to 
collect information in an appro-
priate, structured, detailed, and 
strongly automated way? 

2.3 Uniform reporting
Uniform labeling of components and 
operating systems and the systematic 
storage of errors and data will allow the 
management of standardized, electronic 
logging of events. This will simplify the 
monitoring process, improve financial 
and technical reporting, and increase 

Figure 1. Availability of onshore and offshore wind turbines (1)

Task 33
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cooperation with similarly oriented 
businesses. Detailed documentation of 
maintenance measures for many plants 
and a purposeful structured database are 
necessary to draw sound conclusions 
from the operational experience. This 
standard way of documenting and col-
lecting data provides experience to ap-
ply when optimizing availability of wind 
turbines through design  and construc-
tion and through effective O&M.  

Validity of reliability data can be 
achieved, by using detailed, systematical-
ly recorded operation and maintenance 
data that has been processed with stan-
dardized and electronically aided pro-
tocols. However, only large amounts of 
information will allow identification of 
weak points and development of mean-
ingful statements on the failure probabil-
ity of certain components. Only such a 
large database allows improving and op-
timizing maintenance strategies. For this 
reason, defined and standardized struc-
tures are indispensable for comparing 
or merging different databases. Analyses 
of captured information from collabora-
tive databases provide resilient figures for 
detecting weak points and cost drivers as 
a basis for decision-making processes. As 
a result, components can be qualified in 
cooperation with manufactures and sup-
pliers and statements about the probabil-
ity of failure behavior can be made. 

3.0 Progress in 2011
The task was approved in late 2011 and 
interested parties began sending letters 
of participation.

4.0 Plans for 2012 
and beyond
The new Task 33 Reliability Data will 
begin its work in 2012 and continue for 
a period of three years. To optimize re-
liability and availability of wind power 

plants, this task will work to standardize 
data collection and will compare differ-
ent data sources. To do this collabora-
tions will be established among the dif-
ferent initiatives to share or group some 
of the  data. The three subtasks will ap-
ply the experience of reliability analyses 
and failure statistics to determine com-
mon terminologies, prepare formats and 
guidelines for data collection, and set up 
procedures for analysis and reporting. 
The expected outcome is the formula-
tion of guidelines for data collection, da-
ta structure, and data analyses for overall 
wind turbine failure statistics. 
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13  Australia

Table 1. Key Statistics 2011: Australia
Total installed wind generation 2,224 MW

New wind generation installed 234 MW

Total electrical output from wind  6.4 TWh

Wind generation as % of national electricity 
demand

 2.4%

Average capacity factor 

Target: The expanded Renewable Energy 
Target, (45,000 GWh from renewables 

by 2020) commenced in 2010. 

Bold italic indicates estimates.

1.0 Overview 
he Australian continent boasts 

some of the best wind resourc-
es in the world, courtesy of the 

Roaring Forties winds blowing hard 
onto the country’s southern coastline. 
Wind energy continues to make a sig-
nificant contribution to Australia’s clean 
energy mix and now supplies over 6,400 
GWh annually – more than 2% of the 
nation’s overall electricity needs and the 
equivalent of more than 900,000 aver-
age Australian households.

Although the cost of wind energy 
continues to fall, government support is 
crucial in supporting investment in the 
industry and enabling wind to play a 
major role in helping Australia transition 
to a low carbon economy. The country’s 
Renewable Energy Target (RET) is de-
signed to deliver 20% of Australia’s elec-
tricity by 2020 and a price on carbon 
will begin in mid-2012. The RET is 

T
expected to unlock more than 20 billion 
AUD (15.7 billion EUR; 19.7 billion 
USD) in investment over this decade. 
As the lowest cost form of large-scale 
renewable energy, much of this target is 
expected to be met with investment in 
wind energy.

At the close of 2011 Australia had 
58 wind farms with a total operating 

Source: REpower

wind capacity of 2,224 MW. Five new 
projects were commissioned in 2011, 
adding another 234 MW of capac-
ity to the Australian electricity grid. 
Seven projects were under construction 
as at the end of 2011 and are expected 
to contribute an additional 1,060 MW 
within the next three years. Another 
18,000 MW of projects are currently 
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proposed for Australia and are either in 
the evaluation phase or going through 
the development approval process. 

2.0 National  
Objectives and Progress
2.1 National targets
The expanded RET replaced the pre-
vious Mandatory Renewable Energy 
Target (MRET) on 1 January 2010. Its 
target was four times that of the origi-
nal scheme which was introduced in 
2001. The aim of the RET is to set aside 
a share of the electricity market to be 
filled by clean energy technologies. Its 
aim is to bridge the gap between the 
costs of renewable energy and the price 
of black electricity. Renewable energy 
generation under the RET scheme cre-
ates Renewable Energy Certificates 
(RECs) which must be surrendered 
each year by electricity retailers as pre-
scribed by the RET legislation.

In June 2010, the Australian Parlia-
ment passed legislation to separate the 
enhanced RET into two parts – the 
Large-scale Renewable Energy Target 
(LRET) and the Small-scale Renew-
able Energy Scheme (SRES). These 
schemes commenced operating on 1 
January 2011. The LRET and SRES 
together are expected to deliver more 
than 45,000 GWh of renewable energy 
in 2020. 

In 2011, the Australian government 
legislated a price on carbon that will 
be the foundation of a national strat-
egy to limit carbon pollution. From 1 
July 2012, a fixed carbon price will start 
at  23 AUD (18 EUR; 17.7 USD) per 
ton (indexed annually at 2.5%) for three 
years then transition to an emissions 
trading scheme from July 2015. Around 
500 companies - those that emit more 
than 25,000 tons of CO

2
-e emissions 

each year - will be liable under the car-
bon pricing mechanism. Sectors covered 
by the carbon price include stationary 
energy, waste, industrial processes, and 
fugitive emissions. 

Half of the income raised from the 
carbon pricing mechanism will be spent 
on assisting households to adjust to the 
impacts of the carbon price and the oth-
er half will be spent on supporting jobs 
and investing in clean energy programs. 
The carbon price mechanism will pro-
vide support to the wind industry via 
increases in wholesale electricity prices. 

The federal government will create an 
independent body, the Climate Change 
Authority, which will track Australia’s 
pollution levels and provide indepen-
dent advice on the performance of the 
carbon price and other initiatives.

2.2 Progress
The cumulative installed wind capacity 
in Australia has increased markedly since 
2000. The amount of installed capacity 
of wind power has experienced an av-
erage growth of around 35% per annum 
over the past five years.

At the close of 2011, there were 58 
wind farms (with two or more turbines) 
in Australia, with a total of 1,211 operat-
ing turbines. The estimated annual wind 
generation output in Australia from the 
2,224 MW of installed wind power ca-
pacity was 6,400 GWh or 2.4% of na-
tional electrical demand. 

Five new projects became fully op-
erational throughout the year, adding ca-
pacity to the Australian electricity grid. 
These were spread throughout Australia 
- Hallett 4 (AGL, 132.3 MW) in South 
Australia, Woodlawn (Infigen Energy, 
48.3 MW) and Gunning (Acciona En-
ergy, 46.5 MW) in New South Wales 
and two community wind farms - Hep-
burn (Hepburn Wind, 4.1 MW) in Vic-
toria and Mt Barker (Mt Barker Power 
Company, 2.4 MW) located in Western 
Australia. An additional seven projects 
(Table 2) with a total of 1,060 MW 
are under construction and expected to 
be fully commissioned within the next 
three years. 

2.3 National incentive programs
The main incentive program for wind 
farms is through the national RET, 

Figure 1. Cumulative installed wind capacity in Australia 2000-2011

but South Australia has set its own re-
newable energy target of 33% by 2020 
which provides an additional incentive 
for investment in the state. 

As part of the Australian govern-
ment’s Clean Energy Future carbon 
price package, 10 billion AUD (7.9 bil-
lion EUR; 9.8 billion USD) of the rev-
enue collected from liable parties will 
go towards the Clean Energy Finance 
Corporation (CEFC). The CEFC is in-
tended to operate independent of gov-
ernment and provide loans for promis-
ing clean energy initiatives, helping to 
unlock sources of private capital. It is 
aimed particularly at early stage clean 
energy technologies such as geothermal, 
wave, and large scale solar.

In 2011 the federal government an-
nounced its intention to establish the 
Australian Renewable Energy Agency 
(ARENA) as an independent statutory 
body. ARENA will incorporate the ex-
isting Australian Centre for Renewable 
Energy (ACRE) and the Australian So-
lar Institute. ARENA will provide 3.2 
billion AUD (2.5 billion EUR; 3 billion 
USD) of financial assistance to promote 
research and development, demonstra-
tion, commercialization, and deploy-
ment of renewable energy projects and 
will consolidate existing programs such 
as the Connecting Renewables Initia-
tive, Solar Flagships Program, Emerging 
Renewables Program and the Renew-
able Energy Venture Capital Fund.

The 200 million AUD (157 mil-
lion EUR; 196 million USD) Clean 
Energy Innovation Program will pro-
vide grants to support research and de-
velopment, proof of concept, and early 
stage commercialization in clean energy 
technologies. 
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Table 2. Wind farms under construction
Owner Location/Name State Expected 

commission 
year

Installed capacity

AGL / Meridian Energy Macarthur Victoria 2013 420 MW

UBS ITT/ REST Collgar Western Australia 2012 205 MW

Hydro Tasmania Musselroe Tasmania 2013 168 MW

Union Fenosa Crookwell 2 New South Wales 2014 92 MW

AGL Oaklands Hill Victoria 2012 67 MW

Verve Energy & Macquarie 
Capital

Mumbida Western Australia 2012 55 MW

AGL Hallett Stage 5 (Bluff Wind 
Farm) 

South Australia 2012 53 MW

Table 3. Australian wind energy industry 2011 – environmental benefits
Installed megawatts 2,224

Number of wind turbines 1,211

Average number of Australian households powered by wind energy 901,408

Number of wind energy projects (two or more turbines) 58

Annual greenhouse gas emissions displaced (tons CO2/yr) 6,400,000 

Equivalent number of cars taken off the road/yr 1,422,000 

Note: All figures are estimates only, based on current available information obtained by 
the Clean Energy Council.

Some states and territories (includ-
ing the Australian Capital Territory, New 
South Wales, Western Australia and Vic-
toria) have a feed-in tariff or buyback 
scheme that includes micro-wind as an 
eligible technology for some level of pay-
ment or credit towards electricity bills.

South Australia has a payroll tax re-
bate that allows developers of renew-
able energy projects with capacities 
greater than 30 MW to receive a rebate 
for payroll tax incurred during project 
construction. Payroll tax in South Aus-
tralia is currently 4.95% of wages and 
the rebate is capped at 1 million AUD 
(786,000 EUR; 983,000 USD) for wind 
farms. The scheme commenced in July 
2010 and is valid for a period of four 
years. 

2.4 Issues affecting growth
Wind energy is the fastest growing 
large-scale renewable energy source 
for electricity generation in Australia, 
and many wind farm projects are cur-
rently proposed across Australia. The 
size of projects are also increasing with 
some very large projects proposed. A 

report prepared by Garrad Hassan for 
the Clean Energy Council predicts that 
an additional 6.9 GW of wind power 
would be constructed under the en-
hanced RET. However, the low prices 
for the RECs, policy uncertainty around 
the introduction of a carbon price, and 
the financial crisis have made it chal-
lenging for many developers to secure 
financing for new projects in the past 
few years. 

Changes and proposed changes to 
planning laws at state level have also in-
troduced significant uncertainty into 
the industry. Changes of government in 
some states have resulted in proposed 
or implemented amendments to plan-
ning laws. Victoria has adopted a policy 
that requires a setback of wind farms of 
2 km from residences. Other state politi-
cal parties currently in opposition have 
also flagged their intention to introduce 
similar setbacks. Restrictive planning 
laws such as these have caused wind 
farm developers to reassess their planned 
projects in the affected areas. 

Australia’s electricity transmis-
sion system can present a challenge to 

connecting wind farms to the grid, es-
pecially in areas where there are high 
rates of wind penetration. Upgrades and 
extensions to parts of the grid are re-
quired to support the continuing expan-
sion of the wind sector.

3.0 Implementation 
3.1 Economic impact
The Australian wind power sector con-
tinues to make a significant contribu-
tion to Australia’s economy, particularly 
in regional areas. Bloomberg New En-
ergy Finance estimated that new finan-
cial investment in wind power in the 
2010-11 Australian financial year was 
almost 1.16 billion AUD (0.912 bil-
lion EUR; 1.1 billion USD). Nationally, 
wind power is spread over most states 
with South Australia having the highest 
capacity (Figure 2).

Wind farm project development 
generates employment nationally and 
within the local regional area. Around 
2,000 people are employed in the wind 
sector and this figure is expected to 
grow as more wind farms are imple-
mented. In addition to the direct em-
ployment generated by the construction 
of wind farms, there are flow-on effects 
to the wider economy in relation to lo-
cal retail and services in the locality of 
the wind farm. 

Some wind farm developers also 
make contributions to local commu-
nities through sponsorship of sport-
ing clubs or community festivals. Wind 
turbines provide an alternative income 
stream for farmers, who enter into leas-
ing agreements to host them on their 
properties. 
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3.2 Industry status
A wide variety of developers participate 
in the Australian market, including large 
energy utility companies, investment 
banks, and specialist wind development 
companies. Companies include Acciona 
Energy, AGL, Hydro Tasmania, Infigen 
Energy, Origin Energy, Pacific Hydro, 
TRUenergy, and Verve Energy. Invest-
ment and infrastructure funds such as 
Macquarie Capital and Transfield Ser-
vices Infrastructure Fund are also in-
volved in this space. ANZ Infrastructure 
Services Limited is a division of ANZ 
Banking Group Limited, representing 
private equity in the sector. In addi-
tion companies such as Epuron, Union 
Fenosa, Wind Farm Developments, and 
Wind Prospect all also have proposals in 
the pipeline.

Australia also has a small number of 
privately and community owned wind 
farm projects currently operating and 
under development. These projects are 
small and examples include the recent-
ly commissioned Hepburn Commu-
nity Wind Farm in Victoria and the Mt 
Barker Wind Farm in Western Australia.

Wind turbines are manufactured 
outside of Australia and imported as re-
quired. A number of new turbine sup-
pliers have entered the Australian market 
recently, but the market remains domi-
nated by two main suppliers – Vestas/
NEG Micon and REpower, which 
merged with Suzlon’s Australian opera-
tion in 2011 (Figure 3).

3.3 Operational details
The size of Australian projects has 
been progressively increasing. Acciona’s 
128-turbine Waubra Wind Farm is cur-
rently the largest in Australia at 192 MW. 
AGL’s Macarthur Wind Farm is under 

Figure 2. Installed wind capacity in Australia by state

construction and will be significantly 
larger at 420 MW. There are also pro-
posals under evaluation for larger wind 
farms such as Epuron’s 1,000 MW wind 
farm at Silverton and its proposal for a 
1,100 MW wind farm at Liverpool 
Range, both of which are in New South 
Wales.

Every Australian state generates 
wind power to a greater or lesser degree. 
South Australia accounts for 52% of the 
total national installed capacity. Cur-
rently there are 13,749 MW of wind 
farms under development which in-
cludes wind farms that have received all 
approvals or are in the process of seeking 
planning and environmental approvals 
(Table 2). Another 5,604 MW of proj-
ects are undergoing feasibility studies. 
All these proposed projects are onshore 
wind farms. 

3.4 Wind energy costs 
The contribution of capital costs to to-
tal wind farm production costs can vary 

Figure 3. Installed wind capacity in Australia by turbine supplier

Source: Review of the Australian Wind Industry for the Clean Energy Council, Garrad 
Hassan, 2011

significantly from site to site. Table 4 
shows a typical breakdown of the major 
development costs associated with wind 
farm projects.

4.0 R, D&D Activities
ARENA will provide 3.2 billion AUD 
(2.5 billion EUR; 3 billion USD) of fi-
nancial assistance to promote research 
and development, demonstration, com-
mercialization, and deployment of re-
newable energy projects. The 200 mil-
lion AUD (157 million EUR; 196 mil-
lion USD) Clean Energy Innovation 
Program will provide grants and to sup-
port research and development, proof of 
concept, and early stage commercializa-
tion in clean energy technologies. 

5.0 The Next Term
With the right policy mix and an in-
creasing demand for low emission en-
ergy, the wind industry can remain a 
major contributor to the multi-billion 
dollar challenge of de-carbonizing Aus-
tralia’s energy supply. It is expected that 
the Australian wind industry will ex-
perience a period of significant growth 
over this next decade provided a stable 
investment and planning environment 
exists.

A Senate Inquiry into the Social 
and Economic Impact of Rural Wind 
Farms held in 2011 recommended the 
federal government conduct studies into 
noise and health. The National Health 
and Medical Research Council is un-
dertaking a review of scientific literature 
on the possible health impacts of wind 
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Table 4. Indicative development costs for Australian wind farms
Cost item Million AUD/MW (EUR;USD) Contribution to capital costs

Turbine works 1.10-2.00 (0.86-1.5; 1.08-1.9) 60-75 %

Civil and electrical work up to the point 
of connection

0.35-0.6 (0.28-0.5; 0.34-0.58) 10-25 %

Grid Connection 0.05-0.35 (0.04-0.28; 0.04-0.58) 5-15 %

Development and consultancy work, 
wind speed monitoring

0.15-0.42 (0.11-0.33; 0.14-0.42) 5-15 %

Total 1.7-3.4 (1.3-2.6; 1.6-3.3) 100 %

Source: Review of the Australian Wind Industry for the Clean Energy Council, Garrad Hassan, 2011

farms. A reference group which will in-
clude a member of the Clean Energy 
Council is being established to guide 
this work. 

In this past year the Australian wind 
industry has been working extensively 
to ensure communities are engaged 
and informed about the economic 
benefits wind projects can bring to the 

community. The Clean Energy Coun-
cil is reviewing and updating the Wind 
Industry Best Practice Technical Guidelines 
for the implementation of wind energy 
projects in Australia. It is also developing 
a range of community engagement tools 
including best practice guidelines for 

Community Engagement and a com-
munity expectations handbook. 

Author: Felicity Sands, Clean 
Energy Council, Australia.
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Table 1. Key Statistics 2011: Austria
Total installed wind generation 1,084 MW

New wind generation installed 73 MW

Turbines dismantled 3.3 MW

Total electrical output from wind 2.2 TWh       

Wind generation as % of national electric 
demand

3.6%

Average capacity factor

Target: plus 2,000 MW from 2010-2020

14  Austria

Photo: IG Windkraft, Franz Weinhofer

1.0 Overview
n Austria, 2011 was a successful 
year for wind power. In July, the 
Austrian parliament adopted new 

legislation for electricity from renew-
able energy sources, the Ökostromge-
setz 2012 (Green Electricity Act 2012, 
GEA 2012). This law maintains the ex-
isting feed-in-system but establishes for 
the first time a stable legal framework 

I
by 2020. It has a target of adding 2,000 
MW of wind power to the existing ca-
pacity (1,011 MW) by 2020. As before, 
the feed-in tariff is set by an ordinance 
of the Minister for Economic Affairs and 
is not fixed in the GEA itself. The tar-
iff is applicable only for the year 2012, 
bringing some uncertainty for investors. 
The purchase obligation is limited to a 
specific amount of capacity (depending 

on the available funds for new projects). 
The feed-in-tariff for 2012 was fixed at 
0.095 EUR/kWh (0.123 USD/kWh), 
a small decrease to 2011’s tariff of 0.097 
EUR/kWh (0.126 USD/kWh).

In 2011, 31 wind turbines were built 
with a total capacity of 73 MW. At the 
beginning of 2012, 656 wind turbines 
were operating with a total capacity of 
1,084 MW. These turbines are producing 
2.2 TWh of electricity each year, which 
is a share of 3.4% of Austrian electric-
ity demand or energy for approximately 
600,000 households. In 2012, added in-
stallation of 327 MW are expected. 

2.0 National 
Objectives and Progress 
2.1 National targets
The new GEA 2012 sets a specific tar-
get of adding 700 MW of wind pow-
er capacity by 2015 (a rise to 1,700 
MW). For the first time the GEA 2012 
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establishes a stable legal framework by 
2020, with a new long-term target of 
adding 2,000 MW wind power to the 
existing capacity (1,011 MW) by 2020, 
which means a target of 3,000 MW by 
2020. This target is even higher than 
Austria’s target for wind energy in its 
National Renewable Energy Action 
Plan (NREAP). In this NREAP (ac-
cording to European Union directive 
2009/28/EC), Austria set a target of 
1,951 MW by 2015 and 2,578 MW 
by 2020. In a 2007 study, the Austrian 
Wind Energy Association estimates that 
by 2020 an annual wind power potential 
of 3,450 MW (production of 7.3 TWh) 
can be achieved (Figure 1). 

2.2 Progress
At the end of 2011, 1,084 MW of wind 
capacity were installed in Austria (Fig-
ure 2), producing 2.2 TWh/yr. This is 
equivalent to 3.4 % of the Austrian elec-
tricity demand. This way wind electric-
ity avoids 1.4 million tons of CO

2
 emis-

sions every year. With the estimated in-
crease in installations of about 327 MW 
in 2012 all Austrian wind turbines will 
produce an equivalent of 4.9 % of the 
Austrian electricity demand and avoid 
approximately 2 million tons of CO

2.

Most wind turbines (606.1 MW) 
are located in Lower Austria, followed 
by Burgenland (390.5 MW), Styria 
(52.7 MW), Upper Austria (26.4 MW), 
Vienna (7.4 MW) and Carinthia (0.5 
MW), see Figure 3.

Figure 1. Wind power potential in Austria by 2020

2.3 National incentive programs
GEA (Ökostromgesetz) 2012
The GEA (Ökostromgesetz), adopted 
in 2002, triggered investments in wind 
energy in the years 2003 to 2006 (Fig-
ure 2). An amendment in 2006 brought 
uncertainty to green electricity produc-
ers and new restrictions for projects. This 
led to nearly four years of stagnation of 
the wind power market in Austria. A 
small amendment to the GEA in 2009 
and a new feed-in tariff set in 2010 
(0.097 EUR/kWh; 0.126 USD/kWh) 
improved the situation. However, there 
was still one major problem: there were 
not enough support funds for new proj-
ects. Many projects that had obtained 
all planning permits had applied for a 
contract (granting the feed-in-tariff) 
at Ökoabwicklungsstelle OeMAG, but 
could not get a contract and had to wait 
in their queue position. 

In July 2011, the Austrian parlia-
ment adopted new legislation for elec-
tricity from renewable energy sources, 
the GEA 2012 (Ökostromgesetz). This 
law preserves the existing feed-in-system 
but for the first time establishes a stable 
legal framework by 2020, with a target 
of adding 2,000 MW wind power to the 
existing capacity (1,011 MW) by 2020. 
Furthermore, all wind power projects 
that were queuing for a contract at Oe-
MAG got the possibility to get contracts 
immediately. Those with a queue posi-
tion in the years 2012 and 2013 got the 
original feed-in-tariff of 0.097 EUR/
kWh (0.0126 USD/kWh); those with 

a queue position in 2014 and 2015 got 
a feed-in-tariff of 0.095 EUR (0.123 
USD/kWh). 

However, there are still restrictions 
for new projects. Those projects only 
get a purchase obligation and a feed-
in tariff if they get a contract with the 
Ökostromabwicklungsstelle OeMAG. 
The Ökostromabwicklungsstelle is the 
institution in charge of buying green 
electricity at the feed-in tariff and selling 
it to the electricity traders. The Ökostro-
mabwicklungsstelle OeMAG has to give 
contracts to green electricity produc-
ers as long as there are enough funds 
for new projects. There are 50 million 
EUR/yr (65 million USD/yr) for new 
projects, enough for approximately 120 
to 350 MW of new wind capacity per 
year, depending on the market price for 
electricity and the applications from PV 
and small hydro power plants. Appli-
cants have to submit all legal permissions 
in order to be able to get money from 
these funds. 

After a positive state-aid decision of the 
European Commission dating from Febru-
ary 2012, the GEA 2012 will enter into force 
on 1 July 2012. Up to this date the Green 
Electricity Act 2002 (as amended in BGBl 
Nr. 1 104/2009) is in force. 

Green Electricity Regulation – 
Ökostromverordnung 2012
As before, the feed-in tariff is set by an 
ordinance and is not fixed in the GEA 
2012 itself. The feed-in tariffs are fixed 
in the Ökostromverordnung/Green 
Electricity Regulation by the Minis-
ter of Economy in accordance with 
the Minister of Environment and the 
Minister of Social Affairs. The tariffs are 
guaranteed for 13 years. The tariff is ap-
plicable only for the year 2012, bringing 
some uncertainty for investors. The pur-
chase obligation is limited to a specific 
amount of capacity (depending on the 
available funds for new projects). The 
feed-in-tariff for 2012 was fixed at 0.095 
EUR/kWh (0.123 USD/kWh), a small 
decrease to 2011’s tariff of 0.097 EUR/
kWh (0.126 USD/kWh).

2.4 Issues affecting growth
Crucial for the growth of wind power 
capacity are the amount of the feed-
in tariff, the stability of the incentive 
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Figure 3. Wind power in Austria 

Figure 2. Total wind power capacity in Austria

Austria

program, and the annual amount of 
money for new projects (annual funds). 
Due to the adoption of the new Green 
Electricity Act 2012, which establish-
es a long term framework up to 2020, 
the determining factor for wind power 
growth will be the height of the feed-
in-tariff, which basically will be fixed 
year by year, but – for technologies like 
wind power - can also be fixed for a 
longer period. 

3.0 Implementation 
3.1 Economic impact
The Austrian wind power market is 
made up of wind turbine operators and 
planning offices on the one hand and 
component suppliers to international 
wind turbine manufacturers on the oth-
er hand. The annual turnover of opera-
tors of existing wind parks is about 150 
million EUR (194 million USD).

Austrian companies supply com-
ponents including wind turbine control 
systems, blade materials, generators, and 
wind turbine designs. There is also one 
turbine manufacturer. The turnover of 
these companies amounts to 500 million 
EUR (647 million USD). So far, 3,300 
jobs have been created in the wind en-
ergy sector. 
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Table 2. Market shares of wind turbine manufacturers in Austria 
Supplier Installed 

Turbines
% of turbines Installed MW % of capacity

Bonus 16 2.44 22.30 2.06

DeWind 48 7.32 74.25 6.85

Enercon 288 43.90 495.50 45.73

Fuhrländer 1 0.15 0.03 0.00

GE 11 1.68 13.80 1.27

Lagerwey 4 0.61 1.50 0.14

Leitwind 2 0.30 2.85 0.26

NEG-Micon 13 1.98 12.90 1.19

Nordex 9 1.37 5.30 0.49

Repower 7 1.07 14.00 1.29

Seewind 5 0.76 0.57 0.05

Siemens 14 2.13 17.00 1.57

Vestas 237 36.13 422.06 38.95

Windtec 1 0.15 1.50 0.14

 total  656  1083.56

Table 3. Cost of new wind energy projects
Total investment costs 1,762 EUR/kW 2,368 USD/kW

Turbine costs 1,434 EUR/kW 1,927 USD/kW

Connection to grid and grid 
reinforcement 

140 EUR/kW 188 USD/kW

Development costs 50 EUR/kW 67 USD/kW

O&M costs years 1 to 12 0.0236 EUR/kWh 0.0317 USD/kW

O&M costs years 13 to 20 0.0356 EUR/kWh 0.0478 USD/kW

3.2 Industry status
Cooperatives own 40% of all exist-
ing wind turbines, and another 40% are 
owned by utilities. The rest are owned 
by private companies. The first wind 
turbines in Austria where built in 1994 
when cooperatives or single wind tur-
bines built by farmers were most com-
mon. With a more stable framework in 
the support system since 2000, but es-
pecially since 2003, utilities and other 
companies entered the market. Today 
the most active operators planning new 
wind projects are co-operatives and tra-
ditional electricity utilities. The Austrian 
operators are very active in the neigh-
boring countries of central and eastern 
Europe, and some independent compa-
nies have also started businesses outside 
Europe. 

The one domestic manufacturer 
of large turbines, Leitwind, began the 
manufacture of wind turbines in Telfs 
in Tyrolia in 2008. Apart from Leitwind, 
there are no major Austrian manufactur-
ers of wind turbines. However there are 
manufacturers of micro wind turbines in 
Austria.

Austrian component suppliers also 
serve the international wind turbine 
market. Bachmann Electronic GmbH 
is a leading manufacturer of turbine 
control systems. Hexcel Composites 
GmbH develops and produces materials 
for blades. Elin EBG Motoren GmbH 
expanded its production of generators 
in 2009 and established a joint venture 
with Suzlon in India. AMSC Windtec 
GmbH is an engineering company 
that develops complete electrical and 

mechanical systems for wind turbine 
applications. For its customers it devel-
ops customized wind turbine concepts 
and works as an advisor for technology 
transfer. Prangl, Palfinger, and Felber-
mayr Austria has companies in the logis-
tic sector that provide services onshore 
and offshore throughout Europe.

3.3 Operational details
Most of the turbines in Austria are 1.8 
MW to 2.3 MW in capacity. Enercon 
and Vestas are the most important sup-
pliers of turbines (Table 2). 

3.4 Wind energy costs
Table 3 shows estimated costs for wind 
energy project elements (price basis 
2009).

4. R, D&D Activities
4.1 National R, D&D efforts
Due to the Austrian orography with its 
high elevations, completed and on-go-
ing research projects mainly have been 
focusing on issues regarding complex 
terrain and cold climate solutions. 

Addressing the complex wind con-
ditions in Austria, a two-year national 
research project (Project AuWiPot) has 
produced a high-resolution wind map 
of Austria. The new wind map com-
bines numerical flow models with a 
geo-statistical approach. Based on those 
calculation results a WebGIS application 
has been set up, which allows the users 
to estimate the theoretical maximum 
achievable wind potential on the district 
level. This estimation takes into consid-
eration manifold technical economic 
and spatial criteria, which can be altered 
by the user. Both results, the wind map 
and the WebGIS application were pub-
lished in 2011. Starting from the results 
of the WebGIS Application the practi-
cally achievable wind potential is cur-
rently being assessed. The results take 
into consideration political aspects in the 
different cantons, land availability and as-
pects of acceptance. For more informa-
tion see www.windatlas.at.

Due to the importance of bet-
ter knowledge as to the risk of ice fall 
from wind turbines, the Austrian Cli-
mate and Energy Fund is supporting a 
research project on that issue. The proj-
ect has a duration of two and a half years 
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and aims at a model to estimate the risk 
zones in the close vicinity of wind tur-
bines, taking into consideration the site 
specific parameters.

National research funds have also 
been allocated to investigate the usability 
and economics of small wind turbines to 
accommodate growing demand in this 
field. The following four Small Wind 
Power (SWP) projects are funded by the 
Austrian Research and Development 
Programme “Neue Energien 2020” of 
the Austrian Climate and Energy Fund.

The project SMARTWIND will 
create a database for the development 
of a simple and economical small wind 
plant for decentralized applications like 
private households or small companies. 
This approach will use new wind wheel 
geometry and composite materials. The 
goal is to produce electricity efficiently 
even in low wind speeds. The project 
will create the necessary technical, legal, 
and economical data for successful de-
velopment of these systems.

The second SWP assesses the tech-
nical and economic potential of small 
wind power. To increase sustainable en-
ergy production from renewable sources 
and improve the energy efficiency in 
buildings, this project will investigate the 
legal, technical, and economical frame-
work conditions, which have hindered 
SWP in urban areas. Solving these prob-
lems and integrating SWP in the urban 
environment can have a major impact 
on decentralized sustainable energy 
production.

In the third project called IPPONG 
the exact positioning of small wind tur-
bines is analyzed. This question is par-
ticularly important in the urban envi-
ronment where flow characteristics are 
highly unstable and influenced by nu-
merous parameters, such as geometry 
and the orientation of the buildings, as 
well as their disposition. This project will 
create a numerical simulation of 3-D 
flow fields around buildings to improve 
energy efficiency, operational reliability, 
and acceptance of small wind turbines in 
the urban area.

The fourth project called ‘Klein-
windkraft’ started at the beginning of 
2011 and focuses on the following chal-
lenges: uncertainty about the quality and 
about the energy harvest, open questions 
about power quality and applicable in-
verters, as well as uncertainties about the 
legal framework and in the course of 
permission. The objective of this project 
is to resolve technical, legal, and orga-
nizational questions. From the results of 
the analyses specific information pack-
ages will be prepared targeting all groups 
of stakeholders involved in the process 
of planning, permitting, constructing, 
grid-connecting, and operating small 
wind power stations.

4.2 Collaborative research
In 2009, Austria joined IEA Wind Task 
19, Wind Energy in Cold Climates. The 
Ministry for Transport, Innovation and 
Technology has assigned Energiewerk-
statt as the Austrian representative in this 
Task due to long-time experience with 
projects in the Austrian Alps. The research 
activities will continue for two and a half 
years and focus on operational experienc-
es at Wind Farm Moschkogel. Preliminary 
results have been published at the Swedish 
conference ‘Winterwind 2011’ (windren.
se/WW2011/62a_Energiewerkstatt_
Krenn_Deicing_Enercon.pdf).

The Austrian company ‘Ener-
giewerkstatt’ (energiewerkstatt.org) is 
the coordinator of the South Eastern 
European Wind Energy Project (SEE-
WIND), one of the largest research and 
demonstration projects carried out un-
der the Sixth Framework Programme 
(FP6) of the European Commission. 

SEEWIND has ten partners from six 
European countries and a budget of 9.6 
million EUR (12.9 million USD) to 
install one pilot wind turbine each in 
Bosnia Croatia, Herzegovina, and Ser-
bia. The project began in May 2007 and 
will last six years (www.seewind.org). 
The experiences of SEEWIND are also 
important for the Austrian market, as 
the three SEEWIND project sites have 
challenges similar to many locations in 
Austria.

5.0 The Next Term
The Green Electricity Act 2012 is a sol-
id basis for the further development of 
wind power in Austria. In 2012, we ex-
pect the installation of 327 MW. Crucial 
for the growth of wind power capacity 
will be the amount of the feed-in tariffs 
of the following years and measures of 
grid reinforcement and enlargement in 
the eastern part of Austria. 

Authors: Ursula Nährer, Austrian 
Wind Energy Association; Andreas 
Krenn, Energiewerkstatt Friedburg; and 
Susanne Glanzegg, Federal Ministry of 
Transport, Innovation and Technology, 
Austria.

Austria
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15  Canada

Source: Jack Jensen, NRCan

Table 1. Key Statistics 2011: Canada
Total installed wind capacity 5,265 MW

New wind capacity installed 1,298 MW

Total electrical output from wind 14.3 TWh

Wind generation as % of national electric demand 2.5%

Average capacity factor 31%

Target: N/A

1.0 Overview 
anada is the ninth largest pro-
ducer of wind energy in the 
world. It has over 5,200 MW 

of installed wind energy capacity, which 
produces enough energy to meet about 
2.5% of the country’s total electricity 
demand. 

The wind energy industry in Can-
ada enjoyed a record year in 2011, with 
the addition of nearly 1,300 MW of 
new wind energy capacity to provincial 
grids. This represented more than 3 bil-
lion CAD (2.3 billion EUR; 2.9 billion 
USD) in new investments and created 
over 13,000 person years of employ-
ment (PYE). For 2011, Canada ranks 
sixth globally in terms of new installed 
wind energy capacity.

Canada has more than 140 wind 
farms, spread across 10 provinces and 
the Yukon. Ontario currently leads in 
installed wind capacity, with over one-
third of the country’s total capacity. 

C
The government of Canada continues 
to fund the growth of Canada’s wind 
power sector through the ecoENER-
GY programs. Provinces across Canada 
continue to offer a range of incentives 
for renewable power, including wind. 
In some cases, existing programs have 
or will undergo changes. Ontario, for 
example, is moving forward with a re-
view of its Feed-in Tariff (FIT) program. 
The province of Saskatchewan’s Go 
Green Fund committed an additional 
2.9 million CAD (2.2 million EUR; 2.8 

million USD) to its existing net meter-
ing rebate program. New manufactur-
ing facilities opened in Ontario, Quebec, 
and Nova Scotia.

The provinces of Ontario, Quebec, 
and Nova Scotia are spurring commu-
nity power in Canada. Ontario Power 
Authority (OPA) has already signed FIT 
contracts with several First Nations for 
wind projects across the province. Sub-
ject to approvals, the province of Que-
bec will have an installed capacity of 
291 MW of community wind by 2015. 
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Nova Scotia is reviewing project appli-
cations for new Community Feed-in 
Tariff (COMFIT) projects. 

Canada’s federal departments and 
research organizations are working to-
gether in R, D&D areas that are par-
ticularly relevant to Canada, including: 
improving the performance and reliabil-
ity of small wind turbines, reducing the 
cost and increasing the penetration of 
large wind turbines, and addressing the 
issues of variable energy supplied to the 
electrical grid. The federal government 
supports R, D&D in wind through pro-
grams such as the Clean Energy Fund 
and the new EcoENERGY Innovation 
Initiative (ecoEII).

2.0 National  
Objectives and Progress 
By the end of 2011, Canada had more 
than 5,200 MW of total installed wind 
energy capacity – producing enough 
energy to meet about 2.5% of the coun-
try’s total electricity demand. Nearly 
1,300 MW of new wind capacity was 
installed in the provinces of Alberta, 
British Columbia, Manitoba, New 
Brunswick, Nova Scotia, Ontario, Que-
bec, and Saskatchewan. Ontario led the 
way, with more than 500 MW of new 
wind installations in 2011. 

2.1 National targets
Although there are no national wind 
energy deployment targets, Cana-
da’s federal government has made a 

Table 2. Provinces with renewable energy targets
Province Target

British Columbia 2010 Clean Energy Act – 93% of electricity 
from “clean or renewable” objective 

Manitoba Goal – 1,000 MW of wind by 2016

Ontario Long Term Energy Plan – 10,700 MW of 
renewable energy by 2018 (excluding 
hydroelectric)

Quebec Quebec Energy Strategy – 4,000 MW of 
wind by 2015; 100 MW of wind for every 
1,000 MW of new hydro

New Brunswick 10 year energy plan – increase electricity 
from new renewable sources to an 
additional 10% of total use by 2016 

Nova Scotia Renewable Energy Standard – 25% of 
electricity by renewable sources by 2015, 
40% by 2020

Prince Edward Island 10 Point Plan – 500 MW of wind by 2013

commitment to have 90% of Canada’s 
electricity produced by non-emitting 
sources such as hydro, nuclear, clean coal, 
and wind power by 2020.

Some provinces, however, have set 
renewable production targets, and others 
are improving on their targets (2.2 Prog-
ress 2). For example, the Nova Scotia 
government enacted a new Renewable 
Electricity Regulations under the Elec-
tricity Act in October 2010. Since then, 
the Electricity Act has been amended to 
confirm in regulation a renewable elec-
tricity target of 40% by 2020.

2.2 Progress
Electricity supply in Canada is becom-
ing cleaner. The electric system is transi-
tioning to lower emission intensity, with 
the retirement of coal plants in Ontario 
and growth in renewable energy gen-
eration facilities. In fact, wind energy is 
playing an increasingly important role 
in meeting Ontario’s demand for elec-
tricity, according to the province’s In-
dependent Electricity System Operator 
(IESO). Ontario has more than 1,700 
MW of installed wind capacity. Wind 
energy production added up to 3.9 
TWh in 2011 – 2.6% of output from all 
fuel types.

Ontario’s new Bruce to Milton 
Transmission Reinforcement Proj-
ect has allowed the OPA to offer new 
contracts for renewable energy projects 
under the province’s FIT. In July 2011, 
the OPA awarded contracts to 19 wind 

projects on the FIT priority ranking list. 
The projects had previously not been 
awarded contracts and had been added 
to the priority list because transmission 
capacity was not available at the time. 
The projects selected range from 2 MW 
to 150 MW, and they will have a com-
bined capacity of over 1 GW. They will 
be brought online through the largest 
transmission project in Ontario in 20 
years.

In British Columbia, the Dokie 
wind farm (opening photo) was com-
missioned in February 2011. The 
43-turbine, 144-MW wind farm is 
the second wind farm operating in 
the province. Under the province’s last 
Clean Power Call, BC Hydro (the prov-
ince’s electric utility) has awarded Power 
Purchase Agreements (PPAs) to six addi-
tional wind projects.

In Saskatchewan, the province’s 
electric utility SaskPower has selected 
20 new environmentally preferred pow-
er projects through its second annual 
Green Options Partners Program lottery. 
The projects selected will add about 50 
MW of green electricity to the electric-
ity grid, half of which will come from 
three wind projects. Selection in the lot-
tery commits the applicant to proceed-
ing with a feasibility study, but does not 
commit either the applicant or Sask-
Power to proceeding with a PPA.

In southern Manitoba, the prov-
ince’s second wind farm is fully opera-
tional. Following the successful nego-
tiation of a 27-year PPA between Mani-
toba Hydro (the province’s utility) and 
Pattern Energy, the first group of tur-
bines at the St. Joseph wind farm began 
producing electricity in January 2011. St. 
Joseph is a 138-MW wind farm with 60 
wind turbines located within 125 square 
kilometers.

In Quebec, proponents of wind 
projects selected by Hydro-Québec fol-
lowing a call for tenders issued in 2009 
have signed Electricity Supply Contracts 
with the utility. The Hydro-Québec 
call was for the purchase of two sepa-
rate blocks of 250 MW of wind power 
generated in Quebec - one block from 
Aboriginal projects and one block from 
community projects. Hydro-Québec 
awarded twelve PPAs totaling 291 MW 
– one for the Aboriginal block and 
eleven for the community block. The 
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Kahnawà:ke Sustainable Energies’ 24 
MW wind project was the only project 
selected for the Aboriginal block.

In Nova Scotia, power production 
operators reported that wind energy 
generation reached a record high of 250 
MW on 24 April 2011, representing 
20% of the province’s electricity gen-
eration. The province’s Department of 
Energy began accepting applications for 
a new COMFIT in September 2011. 
COMFIT is designed for locally-based 
renewable electricity projects. To be 
eligible, projects must be community-
owned and connected at the distribu-
tion level (i.e., typically under 6 MW). 
As of December 2011, 88 project ap-
plications (90% for wind projects) have 
been submitted, and five have been ap-
proved by the Province. All successful 
applicants will be notified before early 
spring 2012.

In Prince Edward Island, four com-
munity ice rinks have begun reaping 
the benefits of wind generation (Fig-
ure 1). With the installation of a 50 kW 
turbine at each rink, electricity gener-
ated can contribute up to 190 MWh/yr, 
equivalent to nearly 85% of the annual 
electricity consumption of each rink. 
Moreover, Saskatchewan’s power utility 
(SaskPower) is also exploring the poten-
tial economic and environmental ben-
efits of using the wind to partially power 
ice rinks. Through the “SaskPower Self-
Generated Electricity Demonstration 
Project for Rinks,” wind turbines have 
been installed in four locations to de-
termine the benefit of self-generating 
electricity.

In the Northwest Territories, Diavik 
Diamond Mine has started construction 
of a wind farm at its mine site. Diavik 
currently relies on diesel fuel for all its 
energy needs, but the construction of 
four 2.3 MW turbines will reduce the 
mine’s diesel use by approximately four 
million liters, or about 10% of total die-
sel consumption. Construction of the 
wind farm is expected to be completed 
next year. Once operational, it will be 
the first large-scale wind farm in Can-
ada’s Northwest Territories and the first 
large-scale wind farm at an operating 
mine.

2.3 National incentive programs
The government of Canada launched 
the 1.48 billion CAD (1.12 billion 
EUR; 1.45 billion USD) ecoENERGY 
for Renewable Power (ecoERP) pro-
gram in 2007. Through this program, 
the government has committed close to 
980 million CAD (741 million EUR; 
960 million USD) for 65 qualifying 
wind energy projects, representing 3,400 
MW. These projects will receive funding 
of 0.01 CAD/kWh (0.007 EUR; 0.009 
USD) for ten years or until the end of 
the program (fiscal year 2020-2021). In 
addition, the federal government contin-
ues to provide an accelerated capital cost 
allowance for wind energy equipment 
through the federal income tax act. 
Start-up expenses may also qualify un-
der the tax system as Canadian renew-
able and conservation expenses.

The ecoENERGY for Aboriginal 
and Northern Communities Program 

Figure 1. Wind turbine powering Jacques Cartier Arena in PEI  Source: WEICan

is focused exclusively on providing Ab-
original and northern communities 
with funding support for clean energy 
projects. In August 2011, the federal 
government announced the renewal of 
its ecoENERGY for Aboriginal and 
Northern Communities Program. The 
program will receive an injection of 
20 million CAD (15 million EUR; 19 
million USD) over the next five years, 
to support pre-feasibility and feasibil-
ity studies of renewable energy projects 
as well as the design and construction of 
energy projects integrated within com-
munity buildings. Proposals submitted 
are being assessed, and applicants will be 
informed once a final funding decision 
has been made.

Provinces across Canada continue 
to offer a range of incentives for renew-
able power, including wind. In On-
tario for example, the Ministry of En-
ergy released a Long-Term Energy Plan 
(LTEP) for the province in November 
2010. Included in the plan was a com-
mitment to review the province’s FIT 
program and to will consider issues such 
as: FIT price reduction, long-term sus-
tainability of clean energy procurement, 
job creation, consideration of new tech-
nologies and fuel sources, local consulta-
tions, and the renewable energy approval 
process.

In August 2011, the province of 
Saskatchewan’s Go Green Fund com-
mitted an additional 2.9 million CAD 
(2.2 million EUR; 2.8 million USD) 
to its existing net metering rebate pro-
gram. The program provides rebates 
of up to 35,000 CAD (26,500 EUR; 
34,300 USD) to people who wish to 
install small (less than 100 KW) wind, 
solar or other green power generation 
equipment and connect to the prov-
ince’s electricity grid. Additional funds 
will extend the program by one year - 
to 30 March 2012. As of 31 March 2011, 
265 small-scale renewable power systems 
have been installed and over 1.7 million 
CAD (1.3 million EUR; 1.6 million 
USD) provided in refunds.

In July 2011, the Nova Scotia Util-
ity and Review Board (UARB) an-
nounced their decision to set a price of 
0.452 CAD/kWh (0.342 EUR/kWh; 
0.443 USD/kWh) for small wind tur-
bines of 50 kW and under. For larger 
community wind projects above 50 kW 
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the price is 0.139 CAD/kWh (0.105 
EUR/kWh; 0.135 USD/kWh). These 
new community COMFIT rates posi-
tion the province of Nova Scotia at the 
forefront of North America in small and 
community wind energy projects.  

3.0 Implementation 
Wind energy is generating affordable, 
clean electricity while creating new jobs 
and economic development opportuni-
ties in communities across Canada.  Ac-
cording to the Canadian Wind Energy 
Association (CanWEA), every 1 MW 
of new installed wind generation capac-
ity represents approximately 2.5 million 
CAD (1.9 million EUR; 2.4 million 
USD) in private sector investment – a 
cumulative total of over 13 billion CAD 
(9.8 billion EUR; 12.7 billion USD) for 
Canada. 

3.1 Economic impact
Nearly 1,300 MW of new wind energy 
capacity was added in 2011, represent-
ing more than 3 billion CAD (2.3 bil-
lion EUR; 2.9 billion USD) in invest-
ments, and creating over 13,000 PYE 
– a record year for Canada. To date, the 
industry has also created a cumulative 
total of 55,000 PYE in construction and 
nearly 20,000 PYE in operations and 
maintenance.

The growth of Canada’s wind energy 
industry is contributing to an increase in 
high quality jobs and injecting millions 
of dollars into communities hosting wind 
energy developments. A recent study 
commissioned by CanWEA indicates 
that the wind energy industry in Ontario 
is forecasted to create more than 80,000 
PYE, and attract more than 16 billion 
CAD (12 billion EUR; 15 billion USD) 
in private sector investments in the next 
eight years. The report ‘The Economic 
Impacts of the Wind Energy Sector in 
Ontario 2011–2018’ by ClearSky Advi-
sors is the most comprehensive study ever 
undertaken on the economic impacts of 
the wind energy industry in the province 
of Ontario.

3.2 Industry status
CanWEA is the voice of Canada’s wind 
energy industry and represents over 
450 companies. The wind industry is 
present throughout Canada, with new 

manufacturing facilities opening in On-
tario, Quebec, and Nova Scotia.

3.2.1 Ownership 

In Canada, wind farms are typically 
owned by independent power produc-
ers (IPPs), utilities, or income funds 
(CanWEA maintains a list of wind farm 
owners/operators at www.canwea.ca). 
However, in recent years, the provinces 
of Nova Scotia, Ontario, and Quebec 
have introduced policies to encourage 
community ownership, including First 
Nation communities.

OPA has already signed FIT con-
tracts with several First Nations. For 
example, the M’Chigeeng First Nation 
has been guaranteed 0.15 CAD/ kWh 
(0.114 EUR/kWh; 0.148 USD/kWh) 
(0.135 CAD plus a 0.015 CAD Aborig-
inal adder) over the course of a 20-year 
contract. The Band is in the final stages 
of securing funding for a 4-MW wind 
farm. The federal government has com-
mitted to investing 980,000 CAD 
(742,000 EUR; 960,000 USD) to en-
able the M’Chigeeng to implement its 
wind project. It will make history in 
Ontario as the first commercial scale 
wind farm completely owned and de-
veloped by an Aboriginal community.

In Quebec, the Viger-Denonville 
Community Wind Farm Project re-
ceived approval from the Quebec En-
ergy Board for the 20-year PPA awarded 
in the previous year by Hydro-Québec. 
Developed through a partnership be-
tween the company Innergex and the 
host community Rivière-du-Loup, the 
wind farm will have an installed capacity 
of 24.6 MW. Hydro-Québec also select-
ed eleven other projects, under the 2009 
call for tenders for 500 MW from com-
munity and Aboriginal projects. Subject 
to approvals, Quebec will have an in-
stalled capacity of 291 MW of commu-
nity wind by 2015.

3.2.2 Manufacturing

In November 2011, CS Wind officially 
opened its wind turbine tower plant in 
Windsor, Ontario. The plant will em-
ploy 300 workers when it is fully op-
erational, and is expected to build 300 
towers a year.  CS Wind has invested 
7.4 million CAD (5.6 million EUR; 
7.3 million USD) into its new 360,000 
square foot plant.

Daewoo Shipbuilding & Marine 
Engineering (DSME) celebrated the 
grand opening of DSME Trenton Ltd. 
(DSTN) in June 2011. The company’s 
new facility in Trenton, Nova Scotia al-
ready employs more than 100 workers 
who are fulfilling orders for 30 towers. 
The province of Nova Scotia secured a 
49% stake in the operation through in-
vestments made in 2010 to establish 
DSTN as a joint venture between the 
province and DSME. An additional 10 
million CAD (7.6 million EUR; 9.8 
million USD) was invested by the gov-
ernment of Canada.

In July 2011, ENERCON Cana-
da, Inc. officially inaugurated the WEC 
Tours Québec, Inc. concrete tower and 
power converter factory in Matane, 
Quebec. The factory is the first ENER-
CON production facility to operate in 
Canada, and it is the first facility to pro-
vide serial production of concrete tow-
ers to the North American market. The 
new 15,000m² manufacturing facility 
will provide local employment to 130 
people and is expected to produce 150 
concrete towers per year. In a new deal 
with Niagara Region Wind Corpora-
tion, ENERCON has also committed 
to opening a converter and control pan-
el factory, and a concrete tower manu-
facturing facility, both in the Niagara 
Region of Ontario.

3.2.3 Applications - Offshore

In March 2011, British Columbia’s Nai-
Kun Wind Project was granted a federal 
screening decision. The decision states 
that NaiKun meets the requirements of 
the Canadian Environmental Assessment 
Act (CEAA), successfully concluding the 
environmental assessment review pro-
cess. Federal environmental approval for 
the Naikun project positions northern 
British Columbia to become Canada’s 
first offshore wind producing region. 
The 396-MW project off the north-
west coast of British Columbia is at an 
advanced stage of development, and is in 
a position to begin construction within 
two years, pending a PPA with the prov-
ince’s utility.

In February 2011, the government 
of Ontario announced that the province 
will not proceed with proposed offshore 
wind projects. Applications for offshore 
projects will no longer be accepted, and 
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current applications for offshore projects 
will be suspended. Despite this, a con-
sortium of Lake Ontario based com-
panies have come together to encour-
age and facilitate the development of 
offshore wind power in the province. 
The Lake Ontario Offshore Network 
(LOON) is comprised of manufactur-
ers and suppliers with skills and interest 
in developing offshore wind projects in 
Lake Ontario. LOON is preparing for 
anticipated growth in the offshore wind 
industry, and encouraging the Ontario 
government to move forward to attract 
industry-related jobs and investments to 
the province.

3.3 Operational details
Twenty wind farms were commissioned 
across ten provinces in 2011. (Table 3)

4.0 R, D&D Activities
The focus of Canada’s wind energy 
R&D activities is the integration of 
wind energy technologies into the elec-
trical grid and into remote community 
applications, and advancement and de-
velopment of safe, reliable, and econom-
ic wind turbine technology. Several de-
partments of the federal government are 
active in wind energy R&D:

Natural Resources Canada’s 
(NRCan’s) R&D priority areas include: 
improving the performance and reliabil-
ity of small wind turbines, reducing the 
cost and increasing the penetration of 
large wind turbines, and improving the 
performance and reliability of turbines 
in Canada’s north.

Environment Canada monitors 
environmental impacts of wind devel-
opment, including potential impacts 
on migratory birds and bats and other 
wildlife. The department also main-
tains the Canadian Wind Energy Atlas 

and it conducts research on wind re-
source assessment and on wind and ice 
forecasting.

Health Canada is coordinating fed-
eral, provincial, and territorial efforts in 
the development of National Guidelines 
on Noise from Wind Turbines. The de-
partment examines possible health im-
pacts, and collaborates in both domestic 
and international settings in efforts re-
lated to health impacts of wind turbines.

National Research Council con-
ducts research on the aerodynamics of 
wind turbines and siting of wind farms 
in complex terrain.

A number of organizations active in 
wind energy research are, in part, gov-
ernment funded:

NSERC Wind Energy Strategic 
Network (WESNet) is a Canada-wide 
multi-institutional (16 universities) and 
multi-disciplinary research network. In 
the fourth year of its five year mandate, 
ongoing network activities are focused 
on technical research, development of 
highly trained personnel to meet the 
growing demand within the industry, 
and interaction with existing industry 
partners. The Outreach Committee and 
Scientific Committee of WESNet con-
tinues to promote network activities and 
identify new opportunities and partner-
ships with the Canadian wind industry 
(www.wesnet.ca). 

TechnoCentre éolien (TCE) is a 
not-for profit institution whose mission 
is to conduct research in cold climate 
issues and contribute to the develop-
ment of an industrial wind energy net-
work in Quebec. TCE (http://www.
eolien.qc.ca) owns an experimental cold 
climate wind energy site and two RE-
power MM92 CCV wind turbines with 
a capacity of 2.05 MW each. A number 
of projects involving eleven Quebec and 

Table 3. Statistics for new wind farms commissioned in 2011: Canada
Smallest wind farm 0.8 MW - Spiddle Hill Phase I, Nova Scotia 

Largest wind farm 165.6 MW - Comber Wind Farm, Ontario 

Wind farm locations (provinces) Alberta, British Columbia, Manitoba, New 
Brunswick, Nova Scotia, Ontario, Quebec, 
Saskatchewan

Turbine manufacturers Enercon, GE, Acciona, Siemens, Vensys, Vestas

Turbine sizes (range) 0.8-3 MW

Average turbine size 1.93 MW

foreign enterprises are either underway, 
or have already been completed since 
the wind turbines were commissioned. 
Moreover TCE is working with RE-
power on five research projects designed 
to improve the performance of CCV 
turbines in northern climates. Eleven 
million CAD (8.3 million EUR; 10.7 
million USD) of new funds will help to 
finance research, development and tech-
nology transfer projects conducted in 
partnership with the wind energy indus-
try and the scientific community at uni-
versities and colleges.

Wind Energy Institute of Canada 
(WEICan) is a not-for-profit wind en-
ergy research, testing and training fa-
cility located in PEI. WEICan’s (www.
weican.ca/) activities fall under four 
strategic areas: testing leading to certifi-
cation; research, development and dem-
onstration; training, outreach and public 
education; and technical consultation 
and assistance. WEICan has a collabora-
tive agreement with the German Wind 
Energy Institute, for prototype testing 
of large wind turbines and WEICan is 
recognized as a non-accredited test site 
by the Small Wind Certification Coun-
cil (SWCC) for testing small wind tur-
bines. WEICan has also partnered with 
TUV NEL to validate its testing pro-
cedures and protocols to enable the 
Institute to test small wind turbines for 
the UK Microgeneration Certification 
Scheme (MCS). Construction of WEI-
Can’s 10-MW Wind Energy R&D Park 
is well underway, with installation of 
five DeWind D 9.2 wind turbines com-
pleted in December 2011 (Figure 2). A 
request for expression of interest for en-
ergy storage technology to be coupled 
with the wind park for research purpos-
es has been issued.

4.1 National R, D&D efforts
Research efforts conducted by federal 
government researchers include the de-
velopment of weather prediction models 
combined with icing prediction models 
in order to generate a predictive tool for 
icing incidents. The work involves simu-
lations of icing events (and comparisons 
with observations) on Mount Washing-
ton in New Hampshire in collaboration 
with the U.S. Cold Region Research 
and Engineering Laboratory, and more 
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Figure 2. Five DeWind D9.2 wind turbines at WEICan in PEI (Source: WEICan)

recently for the Gaspé area in conjunc-
tion with Hydro-Québec.

EcoENERGY Innovation Initiative 
(ecoEII) is a new federal program that 
received 97 million CAD (73 million 
EUR; 95 million USD) in Budget 2011, 
for a comprehensive suite of R, D&D 
projects. The initiative’s objective is to 
support energy technology innovation 
to produce and use energy more cleanly 
and efficiently.

EcoEII supports activities in five 
strategic priority areas: energy efficiency, 
clean electricity and renewables, bio-
energy, electrification of transportation, 
and unconventional oil and gas. The 
initiative consists of two separate fund-
ing streams: one for R&D projects, and 
one for demonstration projects. Both 
streams were launched with requests for 
Letters of Expression of Interest (LOIs). 
The LOIs were reviewed, and applicants 
of LOIs that were accepted for consider-
ation were asked to submit a full project 
proposal. As of the beginning of 2012, 
the proposals are under review, and suc-
cessful applicants will be notified in the 
spring of 2012.

In 2009, the Government of Can-
ada announced a five-year, 795 million 
CAD (601 million EUR; 778 million 

USD), Clean Energy Fund (CEF). The 
CEF aims to advance Canadian leader-
ship in both carbon capture and stor-
age, and renewable and clean energy 
systems. Up to 146 million CAD (110 
million EUR; 142 million USD) will 
be invested in small-scale renewable and 
clean energy demonstration projects. 
Two of which are wind demonstra-
tion projects. The CEF is also investing 
in renewable and clean energy R&D 
projects within the federal government. 
Over the next two years, up to 918,000 
CAD (695,000 EUR; 899,000 USD) 
will be invested in three wind proj-
ects. Descriptions of the projects can be 
found in Canada’s chapter of the IEA 
Wind 2010 Annual Report.

4.2 Collaborative research 
Canada participates in IEA Wind Task 
11 - Base Technology Information Ex-
change, Task 19 - Wind Energy in Cold 
Climates, Task 25 - Power Systems With 
Large Amounts of Wind Power, and Task 
28 - Social Acceptance of Wind Energy 
Projects, as well as in Technical Com-
mittee-88 (TC-88) of the International 
Electrotechnical Commission.

5.0 The Next Term
With approximately 1,500 MW of new 
developments expected to come online 
in Alberta, British Columbia, Prince Ed-
ward Island, Nova Scotia, Ontario, and 
Quebec, 2012 is expected to be another 
record year for wind development in 
Canada. More than 5,000 MW of wind 
energy projects are already contracted to 
be built in Canada within the next five 
years.

According to a new report from the 
National Energy Board (NEB) - “Cana-
da’s Energy Future” (www.neb-one.gc.ca), 
the share of wind power generation in 
Canada’s electricity supply mix will triple 
from approximately 2% of total genera-
tion currently to 6% in 2035. The NEB 
sees growth in wind energy and expects 
total installed wind power capacity to 
reach 23 GW over the next two decades, 
with the largest capacity additions in Al-
berta, Ontario, and Quebec. In Ontario 
alone, over 2 GW of wind energy proj-
ects have already been signed and are to 
be constructed before 2018.

Author: Melinda Tan, Natural Re-
sources Canada, Canada.
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Table 1. Key Statistics 2011: China
Total installed wind generation 62,364 MW

New wind generation installed 17,631 MW

Total electrical output from wind 73.2 TWh

Wind generation as % of national electric 
demand

1.6%

Average capacity factor

Target: 90 GW (including 5 GW off shore) in 2015, 
150–200 GW (including 30 GW off shore) 

by 2020.

Bold italic indicates estimates

16  CWEA
Chinese Wind Energy Association

1.0   Overview
hina is a country striving for 
sustainable economic develop-
ment, speedy industrialization, 

and urbanization. As a result, energy de-
mand is rising, and China is facing the 
challenge of how to guarantee a sustain-
able energy supply for economic devel-
opment, while building a stable, clean, 
and safe energy supply system. In March 
2011, t  he Chinese government promul-
gated the outline of the 12th Five-Year 
Plan for Economic and Social Develop-
ment, which included measures such as 
“conservation priority, domestic-based, 
development diversification, environ-
ment protection, strengthen mutually 
beneficial international cooperation, ad-
just and optimize structure, build a safe, 
stable economical and clean modern 
energy industrial system.” These mea-
sures will be adopted to push forward 
the transformation of energy production 
and utilization. 

C
The Renewable Energy Law of the 

People’s Republic of China (Amend-
ment) was implemented in 2010. This 
law established a system to guarantee 
the purchase of electricity generated by 
renewable energy and established a re-
newable energy development fund. The 
law listed the renewable energy industry 
as one of the seven key new strategic 

industries to be developed during 12th 
Five-year Plan. This has further promot-
ed the development of wind energy in 
China.

In 2011, 17.6 GW of new wind 
power capacity was installed in China 
and total installed capacity reached 62.4 
GW. Although this capacity is the largest 
of any country in the world, compared 

Courtesy: Huaneng Wenchang Wind Farm
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with conventional energy in China, 
wind power is a very small portion of 
China’s energy mix. In the future, wind 
power could play a more important role 
in Chinese clean and sustainable energy 
and electricity supply. 

In 2011, the Chinese Energy Re-
search Institute of the National De-
velopment and Reform Commission 
worked with IEA and other Chinese 
organizations to create the China Wind 
Energy Development Roadmap 2050. This 
roadmap put forward the strategic devel-
opment target and scenarios of Chinese 
wind power in 2030 and 2050. For the 
near term, wind energy development in 
China will focus on onshore, and off-
shore wind energy will be developed 
as appropriate. The mix of distributed 
off-grid and grid-connected generating 
systems to be developed will depend on 
the regional needs within China.  

2.0 National  
Objectives and Progress
2.1 National targets
In the outline of the 12th Five-Year Plan 
for Economic and Social Development, 
three restraining factors are mentioned: 
(1) non-fossil energy will contribute 
11.4% to energy consumption in 2015, 
compared with 8.3% in 2010, (2) energy 
consumption per GDP will be reduced 
by 16%, and (3) CO

2
 emission per GDP 

will be reduced by 17%. In this way, 
China is initiating a low-carbon energy 

strategy, and wind power is one of the 
key technologies to realize the strategy. 

The outline of the 12th Five-Year 
Plan for Economic and Social Develop-
ment proposes the construction of en-
hanced grid-connected supporting proj-
ects to develop wind power effectively. 
In 2011, the National Energy Admin-
istration made the Renewable Energy 
Development 12th Five-Year Plan (draft), 
which mentioned that by the end of 
2015, the total grid-connected capac-
ity of wind power will reach 100 GW. 
Large land-based wind power facilities 
will represent 70 GW, distributed wind 
power will represent 30 GW, and off-
shore facilities will represent 5 GW. The 
implementing plan of the national grid 
to accommodate 100 GW wind power 
is established. 

In July 2011, the Ministry of Sci-
ence and Technology made the National 
12th Five-Year Science and Technol-
ogy Development Plan. It focused on 
developing key technologies for large 
wind turbines and key components for 
design. It will support design and opera-
tion of onshore large-scale wind farms 
and offshore wind farms. It will ad-
dress manufacture of key components, 
wind power grid connection, dispatch, 
and O&M. At the end of 2011, the first 
group of projects was launched, includ-
ing wind turbine blade advanced airfoil 
series design and application, 7-MW 
wind turbines, key components design 

Figure 1. New and accumulated wind power capacity from 2001 to 2011

and manufacture, and key technology 
for offshore wind power engineering 
construction.   

2.2 Progress
According to the statistics of CWEA, 
during 2011 17.6 GW and 11,409 new 
wind turbines were installed in China 
(Taiwan excluded). This new capacity 
represents 43% of all new wind power 
installed worldwide. The total wind ca-
pacity in China reached 62.4 GW at 
the end of 2011 (Figure 1). This repre-
sents an increase of 39.4% over 2010. 
In 2011, the output of wind power was 
73.2 TWh, covering 1.6% of total power 
consumption.

At the end of 2011, over 1,000 
wind projects had been built in 31 prov-
inces and municipalities (Taiwan ex-
cluded). The Inner Mongolian Autono-
mous Region has over 10 GW of wind 
power capacity, followed by Hebei (6.9 
GW), Gansu (5.4 GW) (opening photo), 
Liaoning (5.2 GW), and Shandong (4.6 
GW) as the top five provinces.

Offshore wind power develop-
ment in China began with the Shang-
hai Donghai Bridge 100-MW offshore 
wind farm demonstration project. So 
far, the project has produced 200 billion 
kWh. In mid-2011, bidding was com-
pleted for the second phase of Shanghai 
Donghai Bridge offshore wind farm. 
The project will include 27 turbines 
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rated at 3.6 MW and 1 turbine rated at 
5 MW. 

Longyuan has developed its first in-
tertidal offshore wind pilot project with 
99 MW of installed capacity. By the end 
of 2011, 262 MW of offshore wind ca-
pacity were installed in shallow water 
and intertidal areas in three provinces. 

2.3 National incentive programs
During 2011, in response to problems 
and trends of the wind power industry 
in China, a series of management meth-
ods and guidelines were developed. To 
standardize and promote the sound and 
stable development of the wind power 
industry, these methods included: nor-
malize wind power projects develop-
ment and construction, the principal 
of “overall planning, orderly develop-
ment, distributed implementation, co-
ordinated development,” and post evalu-
ation is to be made after the project 
completion.

In order to promote the develop-
ment and utilization of decentralized 
wind resources, guidance for decen-
tralized wind power development was 
made. It was decreed that decentralized 
wind power projects should not use 
plowed land, not affect existing facili-
ties, not construct new transmission and 
distribution facilities, and not affect grid 
safety. 

To regulate the management of off-
shore wind project development and 
construction the State Oceanic Admin-
istration and the National Energy Ad-
ministration jointly issued the Offshore 
Wind Power Development and Construction 
Interim Method in January of 2010. This 
method regulates the use of marine ar-
eas, the protection of the ocean environ-
ment, and the management of offshore 
wind power development and construc-
tion. In 2011, to further guide offshore 
wind power development, these admin-
istrations clarified the offshore wind 
power plan and concrete procedures. 
Based on the Offshore Wind Power Devel-
opment and Construction Interim Method, 
they have clarified management respon-
sibilities, requirements, and working 
procedures of relevant authorities and 
enterprises to promote sound and or-
derly development of the offshore wind 
power industry.

2.4 Issues affecting growth
Because of the booming wind power 
industry in China and the continuous 
increase of installed capacity, wind pow-
er development faces some restrictions. 
In the first half of 2011, there were four 
incidents of grid dropout at the wind 
farm in Jiuquan City of Gansu Province. 
In some areas, wind curtailment happens 
because of lag of the transmission grid. 

Aiming at these problems, the Chi-
nese government and relevant depart-
ments adopted corresponding measures, 
making regulations, standards and speci-
fications to enhance wind farm supervi-
sion, management, and grid-connection 
dispatchability. To enhance wind farm 
safety management, the developers must 
take responsibility for construction quality 
and operation safety. Wind farm operation 
information should be reported regu-
larly and accidents due to poor quality 
should also be reported in a timely man-
ner. Manufactures should enhance process 
control and quality management. CWEA 
is authorized to carry out quality surveys 
regularly. The results will be published and 
anti-accident measures as well as warn-
ing signs will be proposed. CWEA issued 
the Notification of Strengthening Wind Farm 
Grid-connection Operation and Management, 
which promulgated 17 industrial technol-
ogy standards.

In 2011, the National Energy Ad-
ministration released relevant docu-
ments regarding management of wind 

farm power prediction and forecasting 
as well as wind turbine low voltage ride 
through ability. In addition, the National 
Energy Laboratory of Wind and Solar 
Simulation, Testing, and Certification 
was established to perfect wind power 
standards, testing, and certification sys-
tems in China and to guarantee wind 
turbine reliability and promote wind 
power technology. 
 
3.0 Implementation
3.1 Economics 
In 2011, China added 14 billion Yuan 
(1.7 billion EUR; 2.2 billion USD) in 
investments in wind farm development, 
which led to 17.6 GW of new capacity 
and 62.4 GW of total installed capacity. 
Of these turbines, 47 GW of capacity 
are gird connected. Wind power gener-
ated 73.2 TWh, which could satisfy the 
electrical needs of 47 million house-
holds in China.

3.2 Industry status
3.2.1 Developers

In 2011, the top five wind power de-
velopers (Guodian Group, Huaneng 
Group, Datang Group, Huadian Group, 
and Guohua) held 59% of the annual 
newly developed wind farms (Table 2). 
In 2011, big utilities increased their ac-
tivities in wind resources reservation 
and wind project development, which 
caused a drop in market share for local 

Table 2. Top 10 wind developers in China in 2011
Rank 
No.

Developer Capacity 
(MW)

Share

1 Guodian Group 12,861.3 20.6%

2 Huaneng Group 8,578.0 13.8%

3 Datang Group 8,007.1 12.8%

4 Huadian Group 3,829.9 6.1%

5 Guohua 3,440.1 5.5%

6 China Power Investment Group 2,944.9 4.7%

7 CGN Wind 2,891.5 4.6%

8 China Resource Power 1,773.4 2.8%

9 Jingneng 1,686.3 2.7%

10 Suntien Green Power 1,278.6 2.1%

Other 15,073.4 24.2%

Total 62,364.2 100.0%



80 2011   Annual Report

energy investment enterprises in 2011. 

3.2.2 Manufacture industry

In 2011, more than 121 wind turbine 
manufacturing facilities, 54 blade facili-
ties, 36 generator facilities, 33 gearbox 
facilities, 25 bearing facilities, and 43 
converter facilities were located in 25 
provinces (including municipalities).  

The top five manufacturers in 
wind power installations for 2011 were: 
Goldwind (3,600 MW), Sinovel (2,939 
MW), United Power (2,847 MW), 
Mingyang (1,177.5 MW), and Dong-
fang Electric Corporation (946 MW) 
(Table 3). In China, there are nine do-
mestic manufacturers, which could sup-
ply more than 500 MW in wind tur-
bines annually. The top 15 suppliers all 
installed more than 300 MW in 2011. 
Comparatively, the number of suppli-
ers with capacity above 300 MW annu-
ally was twelve in 2010 and only one at 
the beginning of China’s 11th Five-Year 
Plan.

The supply chain was vastly im-
proved in 2011. Key components like 
megawatt-class blades, gearboxes, gener-
ators, yaw mechanisms, and pitch bear-
ings now have enough domestic supply 
capacity. Some components like gearbox 
bearings, main shaft bearings for multi-
megawatt turbines, and converters still 
depend on import products. Although 
some multi-megawatt components have 
not achieved industrialization, progress 
such as technology breakthroughs and 
creation of prototypes could be seen. A 
small group of manufacturers have al-
ready started small-scale production as 
well.

3.3 Wind farm operation
By the end of 2011, China had more 
than 1,000 wind farms with total ca-
pacity over 62 GW. The top three prov-
inces installed the following amounts: 
Inner Mongolian Autonomous Region 
(17,594 MW), Hebei (6,970 MW), and 
Liaoning (5,249 MW ). The equivalent 

Table 3. Top 10 wind turbine manufacturers in 2011

Rank No. Name Capacity (MW) Share

1 Goldwind 3,600.0 20.4%

2 Sinovel 2,939.0 16.7%

3 United Power 2,847.0 16.1%

4 Mingyang 1,177.5 6.7%

5 Dongfang Electric 
Corporation

946.0 5.4%

6 XEMC-Wind 712.5 4.0%

7 SEWIND 708.1 4.0%

8 Vestas 661.9 3.8%

9 CCWE 625.5 3.5%

10 CSR 451.2 2.6%

11 GE 408.5 2.3%

12 CSIC-Haizhuang 396.0 2.2%

13 Windey 375.0 2.1%

14 Gamesa 361.6 2.1%

15 Envsision 348.0 2.0%

16 Yinxing 221.0 1.3%

17 SANY 179.5 1.0%

18 Xuji 166.0 0.9%

19 HEAG 151.0 0.9%

20 Suzlon 96.2 0.5%

Other 259.4 1.5%

Total 17,630.9 100%

annual full load hours were 1,903 in 
2011, 100 hours less than the 2010 level. 
Low wind speed wind farm construc-
tion was the main reseaon for the de-
crease in full load hours.

3.4 Capital expenditures
In 2011, wind farm capital expenditures 
continued decreasing from 8,600 Yuan/
kW (1,057 EUR/kW; 1,368 USD/
kW) average in 2010 to around 7,000 
to 8,000 Yuan/kW (861 to 984 EUR/
kW; 1,114 to 1,273 USD/kW). This 
decrease was because the biggest part of 
capital expenditures, wind turbine costs, 
declined from 4,200 Yuan/kW in 2010 
to 3,600 to 3,800 Yuan/kW (516 EUR/
kW in 2010 to 442 to 467 EUR/kW; 
668 USD/kW in 2010 to 572 to 604 
USD/kW). The logistics and installation 
costs were increasing due to the devel-
opment of low wind speed and high-
altitude areas. This is especially true in 
Yunnan and Guizhou provinces, where 
such costs could reach 600 to 1000 Yu-
an/kW (73 to 123 EUR/kW; 95 to 159 
USD/kW).

4.0 R,D&D Activities
4.1 National R, D&D efforts

4.1.1 Fundamental research

In 2011, the National Key Basic Research 
and Development Program—973 Program, 
the Fundamental Research on the Aerody-
namics of Large-scale Wind Turbines was 
accepted. In the last five years, a series 
of system research projects have been 
carried out under this project, such as 
wind turbine complex flow structures, 
unsteady aerodynamics, aero-elastics, 
and aero-acoustics of wind turbines. 
The projects applied theoretical analysis, 
numerical simulation, wind tunnel ex-
periments, and wind power blade R&D 
platforms. The research results have 
broadened Chinese wind turbine aero-
dynamics development and improved 
wind turbine blade optimization design 
methods.

In 2011, the National High Technology 
Development Program—863 Program, the 
Design and Utility of Advanced Airfoil Fam-
ilies of Wind Turbine Blades was accepted. 
In the past five years, research on airfoil 
design and analysis methods for perfor-
mance was conducted applying theoreti-
cal analysis, numerical computation, and 
wind tunnel experiments (Figure 2 and 
Figure 3). Two groups of wind turbine 
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airfoils were developed with established 
databases. In 2012, China will continue 
to support this project and use the de-
veloped wind turbine airfoil for the re-
search and development of megawatt-
class blades.

In addition to the National 973 
Program and 863 Program, the National 
Natural Science Foundation of China 
supports fundamental research projects 
in the wind energy field every year. In 
2011, eight wind energy fundamental 
research projects obtained support from 
them. 

4.1.2 Wind power integration technology

In the first half of 2011, four incidents 
of large-scale wind farms dropping off 
line occurred in Gansu Jiuquan of Chi-
na causing lost output of 4,195 MW. 
These events highlighted the need to 
(1) ensure operational security of the 
whole power system after wind power 
is connected to power grid and (2) en-
sure normal wind power generation. To 
address these needs, the State Grid En-
ergy Research Institute and Vestas Wind 
Technology (China) Co., Ltd. conducted 

research and issued a report on a com-
prehensive strategy for wind power and 
grid coordinate development. They put 
forward a new concept of building a 

Figure 2. Airfoil test in the China Aerodynamics Research and Development Center, 
4-m by 3-m wind tunnel

   Figure 3. Wind turbine performance calculations by computational fluid dynamics

grid-friendly wind farm and wind pow-
er friendly power system in the report. 

In October of 2009, the National 
Wind Power Integration Research and 
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Test Center (laboratory) of the China 
Electric Power Research Institute was 
formally established. Then the 25 km2 
wind power test base was established in 
Zhangbei County of Hebei province 
(Figure 4). This base can accommo-
date 30 large wind turbines for testing 
grid adaptability and low voltage ride-
through tests. In 2011, the development 
focus of wind power integration tech-
nology was put on wind power detec-
tion technology research and applica-
tion. By the end of 2011, low voltage 
ride-through tests for 45 types of WTGS 
have been completed.

In 2011, the precision of wind pow-
er prediction systems were greatly im-
proved. By the end of 2011, short-term 
wind power prediction systems covered 
more than 90% of wind power capacity 
connected to the grid, and the predic-
tion accuracy is basically the same as at 
the international level.

4.1.3 China Wind Energy  

Development Roadmap

In 2011, the China Wind Energy Devel-
opment Roadmap 2050 was completed, 
based on research of the China Academy 
of Engineering, the Energy Research 
Institute of National Development and 
Reform Commission, and of the In-
ternational Energy Agency. The report 
lists the installed capacity goals of China 
wind energy development for 2020 as 

Figure 4. National Wind Power Integration Research and Test Center

200 GW, for 2030 as 400 GW, and for 
2050 as 1,000 GW. This capacity would 
meet 17% of the electricity demand in 
China by 2050. The report also gives the 
application path of wind power technol-
ogy R, D&D.

4.1.4 Large wind turbine R&D

While the scale-up of onshore wind 
farms was taking place, offshore wind 
farm engineering models were devel-
oped, and R&D was begun for mega-
watt-class offshore wind turbines above 
3.0 MW. In 2011, prototype turbines of 
3.6 MW, 5.0 MW, and 6.0 MW were 
put into trial operation. These wind 
turbines are mainly direct-drive, per-
manent-magnet, and double-fed. Com-
pared with previous megawatt-class 
wind turbines, the multi-objective op-
timum design method applied during 
R&D has resulted in compact type drive 
train systems and advanced control tech-
nology to reduce loads, improve reliabil-
ity, and increase performance. 

4.1.5 Engineering offshore wind farms

A good portion of offshore wind farms 
in China are being constructed on tidal 
land in the coastal area. To support these 
efforts, wind turbine transport equip-
ment and installation equipment suit-
able to intertidal wind farm engineering 
were specially researched and developed. 
In 2011, 142 MW of wind turbines 

were installed in the tidal area at the off-
shore wind power demonstration proj-
ect in Jiangsu province.

4.1.6 Typhoons 

A typhoon is extreme weather that will 
affect wind energy developments in the 
southeast coastal areas of China. There-
fore, anti-typhoon designs must be con-
sidered when designing and manufac-
turing wind turbines for these areas. The 
China Meteorological Administration 
used data from 88 anemometer tow-
ers in the coastal areas to analyze the 
extreme wind characteristics and tur-
bulence intensity around typhoon cen-
ters and nearby. The results showed that 
wind model application in typhoon re-
gions still needs to be improved.

4.2 Collaborative research
In 2011, CWEA organized manufactur-
ing enterprises, research institutions, and 
universities to participate in the follow-
ing activities under IEA Wind research 
Tasks: Task 11 Base Technology Infor-
mation Exchange, Task 19 Wind Energy 
in Cold Climates, Task 27 Consumer 
Labeling of Small Wind Turbines, and 
Task 30 OC4 for Offshore Foundation 
Analysis. The activities played an impor-
tant role in advancing wind power tech-
nical progress and industry development 
in China. In addition, CWEA plans to 
apply to participate in Task 26 Cost of 
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Wind Energy and Task 29 MexNext 
Aerodynamics Analysis.

Furthermore, in 2011, China and 
the Danish government began to imple-
ment the Sino-Denmark Renewable 
Energy Development Programme and 
established the China National Renew-
able Energy Center. The Center is a 
business-supporting organization that 
assists the national energy management 
department with carrying out research 
on renewable energy policy and with 
organizing, implementing, and coordi-
nating industry management.

The Chinese and German govern-
ment technical cooperation project—
part II of the project on wind power 
research and training— began to apply 
research and training on the technol-
ogy of wind farm grid connection and 
maintenance.

In addition, China continues to lead 
the editing work begun in 2011 on the 
IEC standard Part 5: Wind Turbine Blades 

IEC 61400-5: Wind Turbine Generator 
Systems.
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Figure 5. Wind Farm in Gansu Province, China
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Table 1. Key Statistics 2011: Denmark
Total installed wind capacity 3,952 MW

New wind capacity installed 206 MW

Total electrical output from wind 9.8 TWh

Wind generation as % of national electric 
demand*

28%

Average capacity factor 28.4%

Target: 50% by 2020

* In 2011 the wind index was 100.1% 

17  Denmark

1.0 Overview 
pproximately 22.5% of Denmark’s 
energy consumption came from 
renewable sources in 2011, 

38.9% from oil, 18.9% from natural gas, 
and 17% from coal. The production from 
wind turbines alone corresponded to 28% 
of the domestic electricity supply, com-
pared to 21.9% in 2010. This is due to a 
9% reduction in overall electricity pro-
duction in the last year alone, along with a 
25% increase in wind energy production. 
The opening photo is from the DTU 
Høvsøre test station.

A

Credit: Anders Ramsing, Vestergaard

Wind power capacity in Denmark 
has increased by 206 MW in 2011, 
bringing the total to 3,952 MW (Table 
1). All the installed wind turbines were 
onshore in 2011, except for one 3.6-
MW (Siemens) turbine at Hvidovre, just 
south of Copenhagen. This is the last of 
the three planned turbines acting as an 
offshore demonstration turbine, placed 
in shallow waters and close to shore. 
This was also the largest rated turbine to 
be installed in 2011.

In November 2011, the Danish 
government published its Our Energy 

Future (2), an ambitious future energy 
plan to convert its energy and trans-
port system to a 100% renewable one 
by 2050. Wind, especially offshore, is to 
contribute significantly to this, with a 
strategic milestone of 50% of electric-
ity consumption to be covered by wind 
power by 2020 alone. Furthermore, as 
the technology is already cost effective, it 
is included in the short to medium term 
implementations to replace existing ca-
pacity in the next 10 to 20 years. Subse-
quently The Danish Energy Agreement 
of March 2012 has been reached by a 
large and broad majority in the Danish 
Parliament.The agreement maintains the 
long-term goal for Danish energy poli-
cy: that the entire energy supply is to be 
covered by renewable energy by 2050.

2.0 National 
Objectives and Progress 
On 22 March 2012, a new Energy 
Agreement was reached in Denmark; 
an ambitious and internationally mind-
ed future energy plan to convert into a 
100% renewable energy and transport 
system by 2050 with 50% of electric-
ity consumption to be covered by wind 
power by 2020 (15 ).

2.1 National targets
The national targets can be summarized 
in the milestones presented in the report 
“Our Future Energy,” published in No-
vember 2011 and outlining the initia-
tives for the Energy Strategy 2050. With 
the proposed initiatives, it is estimated 
that the share of renewable energy will 
reach 36% in 2020 (2), up from around 
20% in 2009, and exceeding the EU 
target of a 30% RE share by 2020. The 
wind penetration is to be 52% by 2020 
(2), as opposed to 50% in the previous 
government’s proposal (1). The proposed 
initiatives are expected to be finalized in 
parliament the first quarter of 2012.

2.2 Progress
As shown in Table 1 and Figure 1, the 
contribution from wind alone to the 
domestic electricity production was 28% 
compared to 21.9% in 2010. This is due 
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to a 9% reduction in overall electricity 
production in the last year alone, along 
with a 25% increase in wind energy 
production. The total electricity pro-
duction from wind energy in 2011 was 
9,844 GWh compared to 7,818 GWh 
in 2010.

The newly commissioned wind ca-
pacity in Denmark was 206 MW in 
2011, with a total of 94 turbines, and 
with 160 turbines decommissioned with 
a total capacity of 56 MW, bringing the 
total capacity up to 3,952 MW from 
3,802 MW in 2010. Although the total 
capacity increased, the number of tur-
bines decreased in 2011 to 4,972 from 
5,033 in 2010. The average capacity of 
installed turbines in 2010 was thus 2.2 
MW. All the installed wind turbines were 
onshore in 2011, except for one 3.6-
MW (Siemens) turbine at Hvidovre, just 
south of Copenhagen. This is the last of 
the three planned turbines acting as an 
offshore demonstration turbine, placed 
in shallow waters and close to shore. This 
was also the largest rated turbine to be 
installed in 2011. A detailed history of 
installed capacity and production in Den-
mark can be downloaded from the Dan-
ish Energy Agency Web site (3).

The environmental benefits due to 
the 2011 wind energy production, as-
suming coal is being substituted, results 
in 70% of Denmark’s yearly CO

2
 reduc-

tion obligation (1990-2010). More spe-
cifically (2): Saved coal: 3,296,154 tons 
(338 g/kWh); CO

2
: 1,024,551 tons (784 

g/kWh); SO
2
: 1,073 tons (0.11 g/kWh); 

NO
X
 2,243 tons (0.23 g/kWh); Particles 

293 (0.03 g/kWh); Cinder/Ash 497,349 
tons (51 g/kWh) (4).

2.3 National incentive programs
In order to meet the targets for a fos-
sil-free Denmark by 2050, new incen-
tives and measures focusing on energy 

efficiency, electrification, expansion of 
renewable energy, and RD&D were in-
troduced. A brief summary of proposed 
measures for wind are reported in Sec-
tion 2.4. 

2.4 Issues affecing growth
The initiatives in the new Energy 
Agreement are expected to boost wind 
energy deployment in Denmark in the 
coming years, in order to meet a 50% 
wind penetration by 2020 and a fossil-
free Denmark by 2050. Specific initia-
tives being discussed in (2) and agreed 
on in parliament in March 2012 include 
the following.

•	Call	for	tenders	for	1,500	MW	of	
offshore wind up to 2020 includ-
ing 400 MW at Horns Rev II and 
600 MW (Danish part) offshore at 
Kriegers Flat (expected operation 
2018-2020): see Section 3.3 for 
more details.
•	In	the	first	half	of	2012,	screening	
of offshore areas as well as setting 
the framework for 500MW of off-
shore wind turbines closer to shore, 
up to 2020. 
•	Measures	for	more	efficient	tender-
ing procedures and therefore cheaper 
expansion of offshore turbines.

•	Support	 municipal	 planning	 for	
new onshore wind turbines, for 
1800 MW capacity in total up to 
2020. Of this, 1300 MW is ex-
pected to be replacement of older 
turbines.
•	Gradual	 phase-out	 of	 premium	
for onshore wind, for wind tur-
bines connected to the grid after 
1 January 2014. Introduction of 
new cap of 0.58 DKK/kWh (0.07 
EUR/kWh; 0.10 USD/kWh) for 
the electricity market price.
•	Focus	 of	 strategic	 energy	 re-
search in areas which reflect Danish 
strongholds.

3.0 Implementation 
The Danish wind turbine industry pub-
lishes an annual report on the industry 
status and economic impact. The in-
formation in the latest annual report 
Branchestatistik 2011 (6) is for 2010.

3.1 Economic impact
The turnover of the industry located in 
Denmark in 2010 was 55.3 billion DKK 
(7.4 billion EUR; 9.9 billion USD), 
which is an increase of 8.3% compared 
to 2009. The turnover of the Danish 
wind industry worldwide was 98.8 bil-
lion DKK (13.2 billion EUR; 17.8 bil-
lion USD) in 2010, an increase of 8.1% 
compared to 2009. 

The industry has continued its glo-
balization during the financial crisis with 
foreign production facilities increasingly 
supplying the markets in primarily Asia 
and North America. This is mainly the 
large producers. The Danish wind in-
dustry’s total export amounted 46.2 
billion DKK (6.2 billion EUR, 8.3 bil-
lion USD) in 2010, an increase of 11% 
from 2009. Danish suppliers to the wind 
energy industry increased their global 
activity by more than 20% in 2010. 
This accounts for 8.5% of total Danish 

Figure 1. Danish wind power capacity and its share of domestic electricity supply 

Fi gure 2. Employees classifi ed by job type (7)
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exports and 70% of energy technology 
exports.

The number of people employed 
within the wind energy sector in Den-
mark was about 25,000 employees at the 
end of 2010, an increase of 1.2% com-
pared to 2009. This figure conceals high 
variation of employment changes be-
tween different companies, with major 
rounds of layoffs especially in production 
staff, but new jobs were created within 
e.g. suppliers, project developers, consul-
tants, marketing, research and develop-
ment. In Figure 2. Employees classified 
by job type (7), the employees in the 
Danish wind industry are classified by 
job type (7).

3.2 Industry status
The Danish Wind Industry Association 
has published an updated membership di-
rectory, “Wind Power Hub – The Green 
Pages” in November 2011, which lists 
Denmark-based companies alphabeti-
cally and by type e.g., wind turbine, tow-
er, blades, control systems manufacturer, 
consultancies, project development, etc. 
The major Denmark-based manufactur-
ers of large commercial wind turbines of 
one megawatt or larger are Siemens Wind 
Power (formerly Bonus Energy A/S) and 
Vestas Wind Systems A/S. 

3.3 Operational details
Existing offshore wind farm locations in 
Denmark can be seen in Figure 3 (7). In 
2013, Anholt (400 MW) comes online, 
and the next large offshore wind farm 
planned is Horns Rev III and Krieger’s 
Flak, with a combined capacity of 1,000 
MW. The latter will be the first offshore 
wind farm with the grid connection re-
placed by a transmission line between 
two countries (Denmark and Germany).

The Anholt project (400 MW) was 
awarded to DONG energy in June 2010. 
The wind farm will begin production in 
2012. When fully operational, it will provide 
4% of Denmark’s power consumption. Sie-
mens Wind Power will supply 111 wind tur-
bines with a capacity of 3.6 MW and a rotor 
diameter of 120 m for the project. Energinet.
dk will be responsible for financing and con-
structing the substation at sea and connecting 
the farm to the electrical grid on land. The 
wind farm will cost an estimated 10 billion 
DKK (1.34 billion EUR; 1.8 billion USD). 
DONG Energy will get a feed-in tariff of 
1.051 DKK/kWh (0.141 EUR/kWh; 

0.189 USD/kWh) for the first 20 TWh. On 
31 October 2011, the Danish Energy Agen-
cy granted DONG Energy the permit to 
commence the construction of Anholt Off-
shore Wind Farm and this was commenced 
at the turn of the year 2011/2012, as can be 
seen on the dedicated website launched by 
Dong Energy (8). 

The Krieger’s Flak (Baltic Sea) is 
located at the borders between Den-
mark, Germany and Sweden. The area 
was chosen as the first place in the world 
to have a joint offshore electricity grid. 
A joint feasibility study has been pub-
lished in February 2010 (5). Germany 
is currently constructing Krieger’s Flak 
1(400MW), while Sweden has with-
drawn from the project. In the Energy 
Agreement it was agreed, that Den-
mark will call for a tender of 600 MW 
in the period 2013-2015. Energinet.

dk will be responsible for the environ-
mental impact assessment as well as the 
preliminary investigations. The Euro-
pean Commission supports the project 
in the frame of the EU Recovery Plan 
with financial support of up to 150 
million EUR (194 million USD) for 
a combined offshore grid connection. 
The Horns Rev 3 is a part of the Dan-
ish Energy Agreement of March 2012. 
Between 2013 and 2015 the Danish En-
ergy Agency will call for a tender of 400 
MW. Grid connection will be possible 
from 2017. As is the case for Krieger’s 
Flak, Energinet.dk will be responsible 
for the environmental impact assessment 
as well as the preliminary investigations.

3.4 Wind energy costs
No new information is available since 
2010 in which a report on wind energy 

Figure 3. Existing offshore wind farms in Denmark (7)

Denmark

Figure 4. Variant of the combined solution referred to as the Combined Grid 
Solution (CGS)
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costs in Denmark as of end of 2009 has 
been published under the EUDP 33033-
0196 project (10), and summarized in the 
IEA Wind 2010 Annual Report.

4.0 R, D&D Activities
An annual report on the energy research 
program’s budget, strategy, and projects by 
technology is published in cooperation be-
tween Energinet.dk, the EDDP, the DCSR, 
the EC representation in Denmark, and the 
Danish Advanced Technology Foundation 
(9). An updated list of Danish funded energy 
technology research projects is also available 
online (14). 

In 2011, the available funding for R, 
D&D within energy technologies was 
1 billion DKK (134 million EUR, 174 
million USD). Figures from Eurostat and 
IEA show that Denmark is the fourth 
largest investor in energy-technology R, 
D&D, after Finland, Japan, and Norway 
(the latter two spend a high proportion 
of this on nuclear power). The different 
program through which funding can be 
granted and their position in the R, D&D 
development are the same as mentioned 
in the IEA Wind 2010 Annual Report. 
(9). Grants to wind energy projects sup-
ported in 2011 totaled 103  million DKK 
(approximately 770,000 euro; approxi-
mately 1 million USD). The projects that 
received funding in 2011 are presented 
in Table 2. For a list of currently running 
projects please refer to (10).

4.1 National R, D&D efforts
The main priorities defined for R, D&D 
in wind can be summarized as follows. 

•	Reduce	the	cost	of	energy	for	off-
shore wind: a target has been set to re-
duce cost of offshore wind energy by 
50% by 2020 (11).

•	 In	order	to	keep	Denmark	a	cen-
ter of competence it is deemed impor-
tant to develop test and demonstration 
facilities of components, wind turbines 

and wind farms, and wind power plants 
in the energy system (12).

•	 Development,	 test	 and	 demon-
stration of grid integration solutions and 
smart grid solutions considering the tar-
get of integration of 50% wind to the 
grid by 2020 (13).

The thematic priorities for offshore 
R, D&D, in order to attain the envi-
sioned cost reductions in offshore wind 
energy are presented in (11) and sum-
marized in Table 2.

The planned onshore and offshore 
test and demonstration facilities were 
described in more detail in the IEA 
Wind 2010 Annual Report. Status of 
further development is given here. 

The onshore national test center at 
Østerild is currently being established. 
Calls for tenders for rental of two of the 
seven stands were issued in November 
2011, with rental periods commenc-
ing from August 2012. The first two test 
stands allow erection of wind turbines 
up to 210 m and 250 m respectively. 

The Lindoe Offshore Renewables 
Center for testing wind turbine na-
celles of 10 MW is being endorsed. As 
of 1 January 2012, the DTU Wind En-
ergy Institute has been established. The 
institute is composed of the former 
Wind Energy Division at Risø DTU, 
two groups from DTU Mechanical En-
gineering that focus on fluid dynam-
ics and composite mechanics, and two 
groups from the Materials Research Di-
vision at Risø DTU that focus on com-
posite and metallic materials.

5.0 The Next Term
The proposed initiatives for reaching a 
fossil-free Denmark by 2050 and 50% 
wind penetration by 2020 have now 
been agreed on in parliament as of end 
March 2012. These are expected to 
boost wind energy deployment in Den-
mark in the coming years. 

References
(1) Energy Strategy 2050 – From 

Coal, Oil and Gas to Green Energy. 
(2011). The Danish Government.

(2) Our Future Energy. (2011). 
The Danish Government. ISBN 978-
87-7844-917-7, www.ens.dk

(3) The Danish Energy Agency 
Web site, www.ens.dk.

(4) http://www.vindstat.dk/
(5) Kriegers Flak Combined 

Grid Solution Feasibility Study. (2010). 
http://www.svk.se/Start/English/
News/News/Kriegers-Flak/

(6) Branchestatistik 2011. www.
windpower.org (in Danish)

(7) Denmark – Wind Power Hub: 
Profile of the Danish Wind Indus-
try. (2012). Ministry of Foreign Affairs 
Denmark and Danish Wind Industry 
Association. 

(8) http://www.dongenergy.com/
anholt/EN/Pages/index.aspx. 

(9) Nielsen, P. et al. Vindmøllers 
Økonomi. (2010). EUDP projekt 
33033-0196.

(10) Energy 2011: Research, Devel-
opment, Demonstration. (2011). www.
ens.dk. 

(11) Denmark- Supplier of 
Competitive Offshore Wind Solu-
tions. (2010) Megavind consortium. 

(12) Denmark’s Future as Leading 
Centre of Competence Within the Field 
of Wind Power. (2007). Megavind.

(13) Vindkraftværker I Energisyste-
met. (2012) Megavind. 

(14) http://iis-03.risoe.dk/
netahtml/risoe/ENS/efp_dk.htm 

(15) The Danish Energy Agreement 
of March 2012, Ministry of Climate, 
Energy and Biulding.

Authors: Jørgen Lemming and  
Helen Markou, Risø DTU, Denmark. 

Table 2. Danish R, D&D programs: Funded projects in 2011 and projects funded end 2010 (marked start January 
2011) and not listed in the IEA Wind 2010 Annual Report
Project Title;
Project Manager

Period;
Budget

Purpose/Project description

EUDP (call Sep 2011)

Demonstration of a method for design of 
tall wind turbines; DTU Institute for Wind 
Energy 

Period: 201201-201412
EUDP funding: 5,312,000 DKK (711,808 
EUR; 924,288 USD)
Total funding: 10,403,000 DKK (1,394,002 
EUR; 1,810,122 USD)

For operational reliability, international 
standards for turbine design must 
be updated. This private-public co-
operation will provide the scientific basis 
for the industry's recommendations by 
documenting increased loads related to 
atmospheric flow effects
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Denmark

Project Title;
Project Manager

Period;
Budget

Purpose/Project description

Global wind atlas; DTU Institute for Wind 
Energy 

Period: 201202-201501
EUDP funding: 6,949,000 DKK (931,166 
EUR; 1,209,126 USD)
Total funding: 8,175,000 DKK (1,095,450 
EUR; 1,422,450 USD)

A large public database containing global 
wind resources. Access through web-
based application programs will make the 
Atlas indispensable for all energy planners

Investigation of critical aeroelastic design 
challenges for wind turbines; DTU Institute 
for Wind Energy 

Period: 201201-201312
EUDP funding: 4,327,000 DKK (579,818 
EUR; 752,898 USD)
Total funding: 7,609,000 DKK (1,019,606 
EUR; 1,323,966 USD)

Identifies four critical aero-elastic 
design challenges for the wind through 
the development, demonstration, and 
deployment of new tools and models. 
Close co-operation between research 
partners and industry

Concrete element windmill tower; Conelto 
Ltd.

Period: 201201-201307
EUDP funding: 18,000,000 DKK (2,412,000 
EUR; 3,132,000 USD)
Total funding: 39,937,000 DKK (5,351,558 
EUR; 6,949,038 USD)

Develops concept and a prototype tower 
with a hub height of 140 m. Will lead to 
further optimization of the concept

Demonstration of partial pitch 2-bladed 
(PP-2B) wind turbine concept; Envision 
Energy (Denmark) ApS.

Period: 201201-201307
EUDP funding: 8,259,000 DKK (1,106,706 
EUR; 1,437,066 USD)
Total funding: 16,849,000 DKK (2,257,766 
EUR; 2,931,726 USD)

Demonstrates the PP-2B concept and 
its potential of tower and foundation load 
reductions

Recommendations for wind park modeling 
IEA Task 31 (WakeBench); DTU Institute 
for Wind Energy 

Period: 201201-201307
EUDP funding: 873,000 DKK (116,982 EUR; 
151,902 USD)
Total funding: 1,027,000 DKK (137,618 EUR; 
178,698 USD)

Achieve international consensus on the 
use of flow models in and around wind 
farms by participating in collaborative 
research in IEA Task 31

PSO
Poseidon 2; DTU Institute for Wind Energy Period: 201101-201206 

PSO funding: 1,376,000 DKK (184,384 EUR; 
239,424 USD)
Total funding: 1,860,000 DKK (249,240 EUR; 
323,640 USD)

Uses combined wave and wind energy 
conversion platform Poseidon37 to model 
and understand combined wave and wind 
energy platforms. Creates a database 
of measurements, an aero-elastic-
hydrodynamic simulation tool, and a map 
of up-scaling problems

EASE WIND; Vestas Wind Systems A/S Period: 201101-201403
PSO funding: 6,000,000 DKK (804,000 EUR; 
1,044,000 USD)
Total funding: 22,546,000 DKK (3,021,164 
EUR; 3,923,004 USD) 

Provides wind generation and 
conventional power generation plant 
properties regarding their interaction with 
the grid to enable higher percentage of 
wind energy integration into high voltage 
networks

Thermal modeling and analysis of a wind 
turbine generator; DTU Elektro

Period: 201101-201106
PSO funding: 697,000 DKK (93,398 EUR; 
121,278 USD)
Total funding: 918,000 DKK (123,012 EUR; 
159,732 USD)

Validated thermal models will be 
developed and used in a proposed state 
monitoring method for wind turbine 
generators using thermal imaging

EUDP (call March 2011)
System Services from small decentralized 
energy units; PowerLabDK Consortium

Period: 201107-201409
EUDP funding: 31,708,000 DKK (4,248,872 
EUR; 5,517,192 USD)
Total funding: 47,771,000 DKK (6,401,314 
EUR; 8,312,154 USD)

Supports the standardization process, 
including development of distribution 
companies' grid codes in relation to the 
connection of decentralized units

NextRotor; DTU Mechanical Engineering Period: 201107-201406
EUDP funding: 10,030,000 DKK (1,344,020 
EUR; 1,745,220 USD)
Total funding: 16,717,000 DKK (2,240,078 
EUR; 2,908,758 USD)

Develops high efficiency, low cost, and 
low-noise wind turbine blades

Predictive Health Monitoring of 
Wind Turbines based on dynamic 
characterization; Brüel & Kjær Sound and 
Vibration Measurement A/S

Period: 201109-201408
EUDP funding: 7,006,000 DKK 938,804 
(EUR; 1,219,044 USD)
Total funding: 12,699,000 DKK (1,701,666 
EUR; 2,209,626 USD)

Develops a system for predictive structural 
health monitoring for early discovery 
and prediction of damage to structural 
components of a wind turbine such as the 
blades
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Project Title;
Project Manager

Period;
Budget

Purpose/Project description

Innovative blade root element; Fiberline 
Composites A/S

Period: 201108-201307
EDDP funding: 4,392,000 DKK (588,528 
EUR; 764,208 USD)
Total funding: 8,785,000 DKK (1,177,190 
EUR; 1,528,590 USD)

Develops and demonstrates a prototype 
device for mounting a wind turbine blade. 
Experimentally characterize the strength 
and the process for a pilot plant designed

Use of vibration monitoring for 
troubleshooting on turbine mechanical 
parts; OrtoSense Wind Power ApS

Period: 201106-201212
EUDP funding: 1,303,000 DKK (174,602 
EUR; 226,722 USD)
Total funding: 2,606,000 DKK (349,204 EUR; 
453,444 USD)

A solution will be developed to allow the 
wind turbine owner or O&M company to 
have early warnings of possible serious 
faults on the mechanical parts of the wind 
turbine. This will allow optimization of 
service planning

The towers for the next generation of wind 
turbines; FORIDA Development A/S

Period: 201107-201312
EUDP funding: 11,937,000 DKK (1,599,558 
EUR; 2,077,038 USD)
Total funding: 21,737,000 DKK (2,912,758 
EUR; 3,782,238 USD)

Construct a hybrid tower: lower part 
is UHPC-elements, and upper part is 
steel. Will result in higher towers than are 
currently economically advantageous

Mobile mounting device for wind turbine 
tower; Ib Andresen Industri A/S

Period: 201101-201112
EUDP funding: 2,501,000 DKK (335,134 
EUR; 435,174 USD)
Total funding: 5,745,000 DKK (769,830 EUR; 
999,630 USD)

Develop and demonstrate a Mobile 
Assembly Unit (MAU) to assemble a new 
innovative form of wind turbine towers

Experimental research wing - Phase 2; 
DTU Institute for Wind Energy 

Period: 201101-201312
EUDP funding: 10,000,000 DKK (1,340,000 
EUR; 1,740,000USD)
Total funding: 17,194,000 DKK (2,303,996 
EUR; 2,991,756 USD)

Develop an experimental platform to 
design stronger and more reliable wind 
turbine blades; new test and measurement 
methods; a design framework providing 
guidance on how appropriate numerical 
analysis and structural tests achieve the 
optimum design for a particular level of 
reliability

DCSR Funding
Research on DC Network: connecting a 
new wind generator system; AAU Institute 
for Energy Technology

Period: 201101-201406
DCSR funding: 5,000,000 DKK (670,000 
EUR; 870,000 USD)
Total funding: 6,500,000 DKK (871,000 EUR; 
1,131,000 USD)

Explore a new wind propulsion system, 
including a direct, low-speed drive system 
with a Switched Reluctance Generator 
(SRG DL) and a DC network that connects 
DL SRGs to the network

Aerodynamics and optimization of wind 
turbine systems in complex terrain;
DTU Mechanical Engineering 

Period: 201101-201403
DCSR funding: 4,928,000 DKK (660,352 
EUR; 857,472 USD)
Total funding: 8,508,000 DKK (1,140,072 
EUR; 1,480,392 USD)

In cooperation between Danish and 
Chinese experts on wind turbine 
aerodynamics, optimization and 
atmospheric turbulence, the project will 
develop an integrated model, which is 
able to handle the multi-scale phenomena 
in complex terrain for the calculation of 
energy generation and loads on wind 
turbines

High reliability of large wind turbines 
due to improvements in wind turbine 
blade materials' performance based on 
micromechanics; DTU Institute for Wind 
Energy 

Period: 201101-201406
DCSR funding: 4,998,000 DKK (669,732 
EUR; 869,652 USD)
Total funding: 5,500,000 DKK (737,000 EUR; 
957,000 USD)

Provide a scientific basis for the 
development of advanced, strong material 
for wind turbine blades by optimizing their 
structures at the microscopic level

REWIND - Knowledge based engineering 
for Improved reliability of critical wind 
turbine components; DTU Mechanical 
Engineering

Period: 201101-201612
DCSR funding: 30,109,000 DKK (4,034,606 
EUR; 5,238,966 USD)
Total funding: 45,644,000 DKK (6,116,296 
EUR; 7,942,056 USD)

Wind components such as gears and hubs 
are exposed to large and highly dynamic 
loads, which conventional manufacturing 
methods have difficulty to handle. Focuses 
on materials, processes, components, 
operation and loads to get a more holistic 
understanding of the components
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18  EU, EWEA
European Union, European Wind Energy Association

1.0 Introduction
urope maintains the largest 
amount of cumulative installed 
wind capacity in the world and 

remains the second biggest annual mar-
ket. During 2011, according to Euro-
pean Wind Energy Association (EWEA) 
statistics, the European Union’s (EU) 
wind energy market remained stable 
compared to the previous year as 9,616 
MW of new capacity were commis-
sioned compared to 9,648 MW in 2010.

Of the 9,648 MW of new turbines, 
866 MW were installed offshore. How-
ever, the amount of new offshore instal-
lations decreased slightly (-1.9%) com-
pared to the previous year due to harsh 
weather conditions in the last weeks of 
the year delaying work to make connec-
tions. However, considerable preparatory 
work was carried out on new offshore 
projects and numerous financing deals 
were concluded, suggesting solid future 
growth in this sector.

1.1 Overall capacity increases
Wind power capacity increases were led 
by Germany where 2,086 MW of new 
capacity were installed during 2011. The 
United Kingdom (UK) came in sec-
ond with 1,293 MW, 752 MW (58%) of 
which were offshore, followed by Spain 
with 1,050 MW. Italy (950 MW), France 
(830 MW), and Sweden (763 MW) were 
followed by Romania (520 MW).

Among the emerging Central and 
Eastern European markets, after Roma-
nia, Poland installed the second most ca-
pacity in 2011 (436 MW). Both remain 
among the ten biggest European mar-
kets for the second year running.

Annual installations in the three 
pioneering wind power Member States 
has been decreasing. In 2000, 85% of 
all new installations in the EU were in 
Germany, Spain or Denmark, whereas in 
2011 this share decreased to 34%. Wind 
power is increasingly being installed 
across Europe.

At the end of 2011, there were 
93,957 MW of total installed wind ca-
pacity in the EU, an 11% increase com-
pared to the previous year. This amount 
of capacity will, in a normal wind year, 

E
produce 204 TWh of electricity, enough 
to meet 6.3% of overall EU electricity 
consumption (up from 5.3% in 2010).

Over 29 GW (31% of the EU to-
tal) is installed in Germany. Spain has 
the second biggest wind power capacity, 
almost 22 GW (23% of the EU total). 
France (6.8 GW) has the third biggest 
installed capacity, taking the position 
that was formerly Italy’s (6.7 GW). The 
fifth largest installed wind power base is 
in the UK (6.5 GW).

In terms of new power generating 
installations as a whole, 2011 was a re-
cord year in the EU, with 44.9 GW of 
new capacity connected to the grid, a 
3.9% increase compared to 2010. Wind 
power accounted for 21.4% of new in-
stallations, the third biggest share af-
ter solar PV (46.7%) and natural gas 
(21.6%). 

No other technologies compare to 
wind, PV, and natural gas in terms of 
new installations. New coal installations 
represented 4.8% of capacity additions, 
fuel oil 1.6%, large hydro 1.3% and CSP 
1.1%. Nuclear, biomass, waste, geother-
mal, and ocean technologies each rep-
resented less than 1% of new capacity 
installations. 

In 2000, new renewable power in-
stallations totaled 3.5 GW. Since then, 
renewable capacity installations grew al-
most tenfold, to reach 32 GW in 2011. 
Moreover, the share of new RES instal-
lations has also increased steadily, from 
13% to 71% in 2011.

During 2011, 6.3 GW of nuclear 
capacity was decommissioned and over 
1 GW of fuel oil capacity was taken of-
fline. More renewable generating capac-
ity was installed in the EU than ever 
before representing 71.3% of all new in-
stallations. Since 2008, renewable capac-
ity installations have represented more 
than half of all new installed capacity.

In total, 302.6 GW of new power 
capacity has been installed in the EU 
since 2000. Of this, 28.2% was wind 
power, 47.8% renewables, and 90.8% re-
newables and gas combined.

The net growth since 2000 of gas 
power (116 GW), wind power (84.2 
GW) and PV (47.4 MW) was at the 

expense of fuel oil (down 14.2 GW), 
nuclear (down 13.5 GW) and coal 
(down 10.3 GW). A sharp decrease was 
seen in 2011 in nuclear capacity due to 
the early decommissioning of a num-
ber of reactors in Germany. The other 
renewable technologies (hydro, biomass, 
waste, CSP, geothermal and ocean ener-
gies) have also been increasing installed 
capacity over the past decade, albeit 
more slowly than wind and PV.

The 21st century sees the EU pow-
er sector moving away from fuel oil, 
coal, and nuclear while continuing to 
increase its total installed capacity with 
gas, wind, and PV to meet increasing 
demand.

1.2 Offshore wind
In European waters, 235 new offshore 
wind turbines, in nine wind farms, were 
fully grid connected during 2011. By 
the end 2011, 1,371 turbines were fully 
grid connected, totaling 3,813 MW in 
53 wind farms in ten European coun-
tries. During the year, work was carried 
out on 15 offshore wind farms. Addi-
tionally, preparatory onshore work be-
gan in eight additional projects and pre-
piling in a ninth.

With 752 MW grid-connected in 
British waters during 2011, 87% of new 
capacity was added in the United King-
dom. In Germany, 108 MW were added, 
a 3.6-MW turbine was grid connected 
in Denmark, and a full scale 2-MW 
floating prototype was installed in Por-
tugal. Two other down-scaled floating 
prototypes were tested in Norway and 
Sweden.

The UK is by far the largest mar-
ket for offshore wind power with 2,094 
MW installed, representing over half 
of all installed offshore wind capacity 
in Europe. Denmark follows with 857 
MW, then the Netherlands (247 MW), 
Germany (200 MW), Belgium (195 
MW), Sweden (164 MW), Finland (26 
MW), and Ireland (25 MW). Norway 
and Portugal both have a full-scale float-
ing turbine. 

By early 2012, almost 5.3 GW of 
offshore wind capacity was under con-
struction. Once completed, installed 
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offshore capacity in Europe will reach 9 
GW. Furthermore, EWEA has identified 
18 GW of fully consented offshore proj-
ects in 12 European countries.

2.0 R, D&D 
Wind Energy Projects 
In 2011, around 20 R&D projects were 
running with the support of the Sixth 
(FP6) and Seventh (FP7) Framework 
Programmes of the EU (the Framework 

Programmes are the main EU-wide 
tool to support strategic research areas). 
The management and monitoring of 
these projects is divided between two 
Directorate-Generals (DGs) of the EC: 
the Directorate-General for Research 
and Innovation (DG Research) for proj-
ects with medium- to long-term im-
pact and the Directorate-General for 
Transport and Energy (DG ENER) for 
demonstration projects with short- to 

medium-term impact on the market. 
The following paragraphs summarize 
both the nature and the main data of 
EU R&D initiatives funded projects 
during 2011 managed by DG Research.

2.1 DG Research activities
The last FP6 project UPWIND and 
two FP7 projects, RELIAWIND and 
ORECCA finished in 2011. The oth-
er FP7 projects SAFEWIND, Marina 
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Figure 1. EU Member State shares for 
new wind power capacity installed dur-
ing 2011 (Source: EWEA)

Figure 2. EU Member States shares for 
total wind power capacity installed at 
end 2011 (Source: EWEA)

Figure 3. EU installed power generating capacity per year in MW and RES share (%) (Sources: Bentek Energy 
PowerVision, EWEA, Eurostat, EU-OEA, EPIA, Estela, EGEC)

Platform, HAWE, DeepWind and 
HiPRwind continued their activities 
while one new project, ClusterDesign, 
started at the end of the year. The fol-
lowing gives some details about those 
projects:

UPWIND: This Integrated Wind 
Turbine Design (www.upwind.eu) ac-
tivity, started in March 2006 to tackle, 
over six years, the challenges of design-
ing very large turbines (8 to 10 MW), 
both for onshore and offshore. UP-
WIND focuses on design tools for the 
complete range of turbine components. 
It addresses the aerodynamic, aero-
elastic, structural, and material design 
of rotors. Critical analysis of drive train 
components is also being carried out in 
the search for breakthrough solutions. 
UPWIND is a large initiative composed 
of 40 partners and brings together the 
most advanced European specialists of 
the wind industry.

RELIAWIND: Offshore wind en-
ergy is called to play a key role in the 
achievement of the EU 2020 objec-
tives. Currently, offshore maintenance 
costs are still too high and thus require 
higher feed-in tariffs for the private in-
vestor’s business case to reach minimum 
profitability. The RELIAWIND project 
aims to offset this paradigm and allow 
offshore wind power to be deployed in 
the same way onshore wind power has 
been. Based on the success of collab-
orative experiences in sectors such as 
aeronautics, members of the European 

wind energy sector established the RE-
LIAWIND consortium to jointly and 
scientifically study the impact of wind 
turbine reliability. The mission of the 
consortium was to change the paradigm 
of how wind turbines are designed, op-
erated, and maintained. This will lead 
to a new generation of offshore (and 
onshore) wind energy systems that will 
hit the market in 2015. RELIAWIND 
started in March 2008 and continued 
for 36 months. This research project has 
achieved many results related to the fol-
lowing objectives: 

•	To	 identify	 critical	 failures	 and	
components (WP-1: Field Reliabil-
ity Analysis) 
•	To	 understand	 failures	 and	 their	
mechanisms (WP-2: Design for 
Reliability) 
•	To	define	the	logical	architecture	
of an advanced wind turbine gen-
erator health monitoring system 
(WP-3: Algorithms) 
•	To	 demonstrate	 the	 principles	
of the project findings (WP-4: 
Applications) 
•	To	 train	 internal	 and	 external	
partners and other wind energy sec-
tor stakeholders (WP-5: Training) 
•	To	 disseminate	 the	 new	 knowl-
edge through conferences, work-
shops, web site, and the media 
(WP-6: Dissemination). 

SAFEWIND: The integration 
of wind generation into power sys-
tems is affected by uncertainties in the 

European Union, European Wind Energy Association



IEA Wind 93

Figure 4. Net electricity generating installations in EU 2000 – 2011 (GW) (Sources: Bentek Energy PowerVi-
sion, EWEA, Eurostat, EU-OEA, EPIA, Estela, EGEC)

Figure 5. EU power capacity mix in 2000 and 2011 (Sources: Bentek Energy PowerVision, EWEA, Eurostat, EU-OEA, EPIA, Es-
tela, EGEC)

forecasting of expected power output. 
Misestimating of meteorological condi-
tions or large forecasting errors (phase 
errors, near cut-off speeds, etc), are very 
costly for infrastructures (such as unex-
pected loads on turbines) and reduce 
the value of wind energy for end-users. 
The state-of-the-art techniques in wind 
power forecasting have focused so far 
on the “usual” operating conditions 
rather than on extreme events. Thus, 
the current wind forecasting technol-
ogy presents several strong bottlenecks. 
End-users argue for dedicated ap-
proaches to reduce large prediction er-
rors and for scaling up local predictions 
of extreme weather (gusts, shears) to a 
European level because extremes and 
forecast errors may propagate. Similar 
concerns arise from the areas of external 

conditions and resource assessment 
where the aim is to minimize project 
failure. The aim of this project is to sub-
stantially improve wind power predict-
ability in challenging or extreme situa-
tions and at different temporal and spa-
tial scales. Going beyond this, wind pre-
dictability will be considered as a system 
parameter linked to the resource assess-
ment phase, where the aim is to make 
optimal decisions for the installation of a 
new wind farm. Finally, the new models 
will be implemented into pilot opera-
tional tools for evaluation by the end-
users in the project. SAFEWIND started 
in September 2008 and will last for 48 
months. The project concentrates on: 

•	Using	new	measuring	devices	 for	
a more detailed knowledge of the 

wind speed and energy available at 
local levels
•	Developing	 strong	 synergy	 with	
research in meteorology
•	Developing	 new	 operational	
methods for warning/alerting that 
use coherently collected meteoro-
logical and wind power data dis-
tributed over Europe for early de-
tection and forecasting of extreme 
events
•	Developing	 models	 to	 improve	
medium-term wind predictability
•	Developing	a	European	vision	of	
wind forecasting that takes advan-
tage of existing operational fore-
casting installations at various Euro-
pean end-users. 

ORECCA: The objectives of 
the Offshore Renewable Energy 
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Figure 6. EU Member States shares of cumulative offshore wind power capacity at 
end 2011 (Source: EWEA)

Conversion Platforms – Coordination 
Action are to create a framework for 
knowledge sharing and to develop a re-
search roadmap for activities in the con-
text of offshore renewable energy (RE). 
In particular, the project has stimulated 
collaboration in research activities lead-
ing towards innovative, cost efficient, 
and environmentally benign offshore 
RE conversion platforms for wind, wave 
and other ocean energy resources, for 
their combined use as well as for the 
complementary use such as aquaculture 
and monitoring of the sea environment. 
The use of the offshore resources for 
RE generation is a relatively new field 
of interest. ORECCA has contributed 
to overcome the knowledge fragmen-
tation existing in Europe and to stimu-
late the key experts to provide useful 
inputs to industries, research organiza-
tions and policy makers (stakeholders) 
on the necessary next steps to foster the 
development of the ocean energy sec-
tor in a sustainable and environmen-
tally friendly way. A focus was given to 
respect the strategies developed towards 
an integrated European maritime policy. 
The project has defined the technologi-
cal state of the art, described the existing 
economical and legislative framework 

and identified barriers, constraints and 
needs within. 

ORECCA has enabled collabora-
tion of the stakeholders and defined 
the framework for future exploitation 
of offshore RE sources by defining two 
approaches: pilot testing of technologies 
at an initial stage, and large scale deploy-
ment of offshore RE farms at a mature 
stage. ORECCA has finally developed a 
vision including different technical op-
tions for deployment of offshore energy 
conversion platforms for different target 
areas in the European seas and deliv-
ered integrated roadmaps for the stake-
holders. These will help to define the 
strategic investment opportunities, the 
R&D priorities and the regulatory and 
socio-economic aspects that need to be 
addressed in the short to the medium 
term to achieve a vision and a strategy 
for a European policy towards the devel-
opment of the offshore RE sector aims 
to overcome knowledge fragmentation 
in Europe, with a focus on platform de-
signs and technologies including supply 
chain issues.

Marina Platform: Research in the 
MARINA Platform project will es-
tablish a set of equitable and transpar-
ent criteria for the evaluation of multi-
purpose platforms for marine renewable 

energy (MRE). Using these criteria, the 
project will produce a novel, whole-
system set of design and optimization 
tools addressing: inter alia, new plat-
form design, component engineering, 
risk assessment, spatial planning, and 
platform-related grid connection con-
cepts, all focused on system integration 
and reducing costs. These tools will be 
used, incorporating into the evaluation 
all, presently known proposed designs 
including (but not limited to) concepts 
originated by the project partners, to 
produce two or three realizations of 
multi-purpose renewable energy plat-
forms. These will be brought to the level 
of preliminary engineering designs with 
estimates for energy output, material 
sizes and weights, platform dimensions, 
component specifications and other rel-
evant factors. This will allow the resul-
tant new multi-purpose MRE platform 
designs, validated by advanced modeling 
and tank-testing at reduced scale, to be 
taken to the next stage of development, 
which is the construction of pilot scale 
platforms for testing at sea.

HAWE (High Altitude Wind En-
ergy): The quest for clean and renew-
able energy sources found tremendous 
potential in wind power. So far, it has 
been harvested mostly by wind towers, 
which use only wind currents close to 
the ground (bellow 200 m). Since low 
altitude wind currents are slow and in-
termittent, most wind farms operate, on 
average, 25-35% of their capacity. This 
represents a severe limitation to cur-
rent state-of-art wind power technol-
ogy, as towers can hardly be taller than 
130 m without prohibitive costs and 
insurmountable technical difficulties. 
To bypass these difficulties, it is pro-
posed to perform R&D in a multitude 
of technology fields such as materials, 
aerodynamics, and control, further de-
veloping a wind power system capable 
of harnessing the energy potential of 
high altitude wind without the need for 
heavy towers or expensive elevated na-
celles. HAWE consists of a buoyant air 
ship anchored to a ground station by a 
tether cable operating a two phase cycle. 
During the power production phase the 
airborne module generates lift, pulling 
up the tether cable which, at the ground 
station, is in a winch drum driving a fly-
wheel connected to an alternator pro-
ducing electricity. When the tether cable 

European Union, European Wind Energy Association
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is fully unwound, the recovery phase 
starts - as the cylinder rotation ceases 
and the cable is reeled back to its initial 
position decoupled from the flywheel, 
completing a cycle. This is performed 
continuously. The successful imple-
mentation of this concept will increase 
the share of renewable energy in Eu-
rope since the achievement of the goal 
to produce renewable energy at com-
petitive prices with coal derived energy 
should lower its cost. A high security of 
supply, a cleaner environment, and the 
possibility to keep Europe as a global 
leader in wind power, are other benefits 
of this technology.

DeepWind: The hypothesis of this 
project is that a new wind turbine con-
cept developed specifically for offshore 
application has potentials for better cost 
efficiency than existing offshore tech-
nology. Based on this hypothesis the ob-
jectives are: 

•	to	 explore	 the	 technologies	
needed for development of a new 
and simple floating offshore con-
cept with a vertical axis rotor and a 
floating and rotating foundation
•	to	develop	calculation	and	design	
tools for development and evalu-
ation of very large wind turbines 
based on this concept and 
•	evaluation	 of	 the	 overall	 concept	
with floating offshore horizontal 
axis wind turbines.

Upscaling of large rotors beyond 5 
MW has been expressed to have more 
cost potentials for vertical axis wind 
turbines than for horizontal axis wind 
turbines due to less influence of cyclic 
gravity loads. However, the technology 
behind the proposed concept presents 
extensive challenges needing explicit 
research, especially: dynamics of the sys-
tem, pultruded blades with better mate-
rial properties, sub-sea generator, moor-
ing and torque absorption system, and 
torque, lift, and drag on the rotating and 
floating shaft foundation. 

In order to be able to evaluate in 
detail the technologies behind the con-
cept the project comprises: 

•	numerical	 tools	 for	 prediction	 of	
energy production, dynamics, loads 
and fatigue, 
•	tools	for	design	and	production	of	
blades 
•	tools	 for	 design	 of	 generator	 and	
controls, 

•	design	of	mooring	and	torque	ab-
sorption systems, and 
•	knowledge	of	 friction	 torque	and	
lift and drag on rotating tube. 
•	The	 technologies	 need	 verifica-
tion, and in the project verification 
is made by: 
•	proof-of	 concept	 testing	 of	 a	
small, kW sized technology dem-
onstrator, partly under real condi-
tions, partly under controlled labo-
ratory conditions, 
•	integration	 of	 all	 technologies	 in	
demonstration of the possibility 
of building a 5 MW wind turbine 
based on the concept, and an eval-
uation of the perspectives for the 
concept.

HiPRwind: The aim of the 
HiPRwind project is to develop and 
test new solutions for very large offshore 
wind turbines at an industrial scale. The 
project addresses critical issues of off-
shore wind turbine technology such as 
extreme reliability, remote maintenance 
and grid integration with particular em-
phasis on floating wind turbines, where 
weight and size limitations of onshore 
designs can be overcome. HiPRWind 
will test a cost effective approach to 
floating offshore wind turbines at a 1:10 
lower MW scale as a first of its kind 
worldwide. Innovative engineering 
methods, new rotor blade designs and 
built-in active control features will re-
duce the dynamic loads and thus weight 
and cost drastically compared to exist-
ing designs. It will overcome the gap in 
technology development between small 
scale tank testing and full scale offshore 
deployment. Thus HiPRwind will sig-
nificantly reduce risk and cost of deep 
offshore technology commercialization. 

The HiPRwind project can make 
use of two existing offshore test areas, 
with a favorable permitting situation and 
suitable infrastructure such as the grid 
connection and monitoring facilities. In 
WP 1, a floating support structure and 
the moorings system will be designed 
and manufactured. WP 2 covers the op-
eration of the research projects of the 
platform. Within WP 3 to 6, critical as-
pects of the floating wind turbine are 
investigated, such as the structure and 
its system dynamics, the controller, high 
reliability power electronics to be tested 
in the lab at a multi-MM scale, the con-
dition and structural health monitoring 

systems and the rotor based on inno-
vative blade designs and features. The 
results feed into WP 7 to identify and 
refine new concepts for very large off-
shore wind turbines. The full impact of 
the project is ensured by a strong par-
ticipation of leading industrial as well as 
R&D stakeholders from the offshore-
maritime and the wind energy sector 
with a strong background in harsh envi-
ronment industrial developments.

ClusterDesign: Today, an offshore 
wind farm is merely a collection of 
wind turbines where the components of 
an offshore wind farm cluster are opti-
mized but not the overall cluster. In the 
future, the best-performing wind farms 
will be designed with an integrated ap-
proach. For this purpose, design tools 
for offshore wind farm clusters must 
then yield for the overall optimum. This 
means they must integrate the cluster 
and grid connection design with new 
intelligent mechanisms for wind turbine, 
farm, and cluster control already in the 
design phase.

The objective of the project is to 
develop toolbox for such an integrat-
ed offshore wind farm clusters design. 
In line with the call this is achieved by 
combination of the following differ-
ent design optimization tools elements 
as advanced wake models, turbine load 
models, grid interconnection models, 
and by incorporating the operation of 
the offshore clusters as a virtual offshore 
power plant. The consortium will depart 
from existing state of the art models that 
are further developed within the project. 
In parallel, extensive measurements and 
data collection is carried out in order 
to validate the models, to calibrate and 
further improve them. Furthermore the 
developed control mechanisms for vir-
tual offshore power plant operation will 
be tested in existing wind farms to ver-
ify that indeed an increase of the overall 
energy yield, a reduction of load on the 
single turbines, and a flexible operation 
of the wind farm clusters is achieved.

2.2 Future R&D projects
New FP7 projects to start in 2012 will 
address the topics of innovative wind 
conversion systems (10 to 20 MW) for 
offshore applications (EC Call FP7-
ENERGY-2012-1) and demonstra-
tion of innovative designs to reduce 
fatigue loads and improve reliability 
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of multi-MW turbines (FP7-ENER-
GY-2012-2). R&D for offshore wind 
energy is also included in the 2011 
“Ocean of Tomorrow” topic “multi-use 
offshore platforms”.

3.0 Plans and Initiatives
The Strategic Energy Technology Plan (3) is 
a pragmatic and pioneering tool for sup-
porting the development of low carbon 
technologies to significantly contribute 
to the European energy and climate 
change objectives. As part of this plan, 
eight European Industrial Initiatives 
were set up to include the industrial sec-
tor in setting priorities, objectives, activi-
ties, and in identifying the financial and 
human needs to make a step change in 
the energy sector (including in wind 
power). 

The European Wind Initiative, which 
was launched in June 2010, has the ob-
jective to make wind one of the cheap-
est sources of electricity and to enable 
a smooth and effective integration of 
massive amounts of wind electricity into 
the grid. To achieve this, special efforts 
will be dedicated to greatly increase the 
power generation capacity of the larg-
est wind turbines (from 5 to 6 MW to 
10 to 20 MW) and to tap into the vast 
potential of offshore wind. This will pave 
the way for achieving ambitious targets 
by 2020: 

•	Supplying	 up	 to	 20%	 of	 the	 EU	
electricity consumption
•	Making	 wind	 energy	 the	 most	
competitive energy source
•	Enabling	the	development	of	new	
types of turbines reaching up to 20 
MW. 

The European Wind Initiative, 
which has a budget of 6 billion EUR 
(7.76 billion USD) (public and private 
resources) for the 2010 to 2020 period, 
will integrate the following elements:

•	Reinventing	 wind	 turbines	
through innovative design, integra-
tion of new materials, and develop-
ment of advanced structures with 
particular emphasis on offshore 
wind applications that are far from 
shore and water depth independent
•	Putting	an	automated	wind	man-
ufacturing capacity in place 
•	Reducing	 the	 cost	 and	 enabling	
large wind energy integration into 
the grid by adapting the network 
and its operation to a progressive 

but fast up-take of on and offshore 
wind electricity
•	Accelerating	 market	 deployment	
through a deep knowledge of wind 
resources and a high predictability 
of wind forecasts.

4.0 European 
Commission Contacts

DG RESEARCH 
AND INNOVATION
Thierry Langlois D’estaintot 
European Commission 
Office CDMA 5/138 
B-1049 Brussels Belgium 
Tel. direct: +32-2-295.07.65 
Fax: +32-2-299.49.91 
Email: thierry.d’estaintot@ec.europa.eu

DG ENER
Roberto Gambi
European Commission
Office DM24 3/126
B-1049 Brussels Belgium
Tel. direct: +32-2-299.81.75
Fax: +32-2-296.62.61
Email: roberto.gambi@ec.europa.eu

5.0 The European Wind 
Energy Technology Platform
5.1 Description 
The European Wind Energy Technol-
ogy Platform (TPWind) was officially 
launched on 19 October 2006, with the 
full support of the EC and the European 
Parliament. TPwind is an industry-led 
initiative. The Secretariat is composed 
of the EWEA, Garrad Hassan, and Risø 
DTU. Its objectives are to identify and 
prioritize areas for increased innovation, 
new and existing research, and devel-
opment tasks and to formulate relevant 
funding recommendations to EU and 
national public authorities in order to 
support wind power R&D.

Historically, the main drivers for 
wind energy cost reductions have been 
R, D&D, for approximately 40% and 
economies of scale for around 60%. The 
scope of the TPWind mirrors this dual-
ity. TPWind focuses not only on short to 
long-term technological R&D but also 
on market deployment. This is reflected in 
the TPWind structure, which is composed 
of four technical working groups a one 
working group focusing on policy issues.

Further to that, TPWind also has 
a Member States Mirror Group gath-
ering representatives from national 

governments. The Platform is led by a 
Steering Committee of 25 Members, 
representing a balance between the in-
dustry and the R&D community, and 
between European countries. Altogether, 
TPWind is composed by approximately 
150 high-level experts representing the 
whole wind industry.

Since December 2010, TPWind se-
lected an Advisory Board composed of 
external stakeholders that acts as a quick 
access point to the expertise and know-
how developed by other sectors, which 
is essential to reduce fragmentation of 
R&D activities. TPWind also provides 
an opportunity for informal collabo-
ration and coordination between EU 
member states, including those less de-
veloped in wind energy terms. 

5.2 Achievements
The main deliverables of the Platform so 
far are the following:

•	The	 Strategic	 Research	 Agenda	
/ Market Deployment Strategy 
(SRA/MDS), which outlines the 
main R&D challenges faced by the 
EU wind energy sector (published 
in 2008); 
•	The	 European	 Wind	 Initiative	
(EWI), a long-term, large-scale 
program for improving and in-
creasing funding to EU wind en-
ergy R&D. The EWI, which is 
rooted in the EU Strategic Energy 
Technology Plan (SET-Plan) was 
published by the European Com-
mission in 2009 and is now being 
implemented by EU institutions, 
member states, and TPWind. The 
budget of the EWI for the 2010-
2020 period is 6 billion EUR (7.76 
billion USD), including public and 
private resources. 

TPWind  Secretariat contact
TPWind Secretariat
Rue d’Arlon 80
B-1040 Brussels, Belgium
Tel: +32-2-213.18.13
Fax: +32-2-213.18.90
Email: secretariat@windplatform.eu
www.windplatform.eu

Authors: Thierry Langlois d’Estaintot, 
European Commission, DG Research 
and Innovation; Roberto Gambi, Euro-
pean Commission, DG ENER; Dorina 
Luga, Jacopo Moccia EWEA.

European Union, European Wind Energy Association



IEA Wind 97

19  Finland

Table 1. Key Statistics 2011: Finland

Total installed wind generation 199 MW

New wind generation installed 2 MW

Total electrical output from wind 0.48 TWh

Wind generation as a percentage of 
national electric demand

0.6%

Average capacity factor 28%

Target: 6 TWh/yr (2,500 MW) in 2020

1.0 Overview 
n Finland, 27% of electricity con-
sumption was provided by renew-
ables in 2010. Finland’s generating 

capacity is diverse. In 2011, 26% of gross 
demand was produced by nuclear, 15% 
by hydropower, 31% from combined 
heat and power (coal, gas, biomass, and 
peat), 11% from direct power produc-
tion from mainly coal and gas, and 16% 
from imports. Biomass is used intensive-
ly by the pulp and paper industry, raising 
the share of biomass-produced electric-
ity to 11% in Finland. The electricity 
demand, which is dominated by energy-
intensive industry, was reduced by 4% in 
2011, with a total of 84.4 TWh. 

Finland aims to increase the share of 
renewables from 28.5% to 38% of gross 
energy consumption to fulfill the EU 
20% target in 2020. The national energy 
strategy foresees biomass as providing 
most of the increase in renewables. The 
hydropower resource has the potential 
for only about 1 TWh/yr more. This 

I
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makes wind power the second largest 
source of new renewables in Finland, 
with a target of 6 TWh/yr in 2020. 

Wind energy potential is located 
mostly on coastal areas. There is a huge 
technical potential offshore, with ample 
shallow sites available. Wind energy de-
ployment has been very slow, but set-
ting the target of 6 TWh/yr for 2020 
(2,500 MW) and a market based feed-
in tariff system starting in 2011 has led 
to a rush for the best sites. At the end of 
2011, a total of 199 MW were installed, 
producing about 0.5 TWh, or 0.6% of 

gross demand in Finland. At the begin-
ning of 2012, there were 3,300 MW of 
wind power projects in various phases of 
planning onshore, and 3,000 MW of an-
nounced projects offshore.

A market based feed-in premium 
with a guaranteed price of 83.5 EUR/
MWh (108 USD/MWh) entered into 
force on 25 March 2011. There will be 
an increased tariff of 105.3 EUR/MWh 
(136.3 USD/MWh) through the end of 
2015 (maximum three years). The differ-
ence between the guaranteed price and 
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spot price of electricity will be paid to 
the producers as a premium.

Wind power technology exports 
from Finland have been about 0.8 bil-
lion EUR (1.03 billion USD). The wind 
turbine manufacturer WinWinD devel-
oped further the ice prevention system 
for its 3-MW turbines. Mervento built 
its first 3.6-MW, direct-drive wind tur-
bine in Vaasa. Moventas is developing its 
gearboxes for larger turbines, and ABB 
and The Switch are developing genera-
tor and frequency converter solutions 
for wind power. Ruukki Oy provides 
steel materials and structures and has 
launched a lattice tower up to 140 m in 
height.

2.0 National  
Objectives and Progress
2.1 National targets 
The target for wind power in the cli-
mate and energy strategy set in 2008 is 
6 TWh/yr (2,500 MW) in 2020. This 
would be about 6% of the total electric-
ity consumption in Finland. This reflects 
the increased targets for renewables aris-
ing from the EU target of 20% of ener-
gy consumption from renewable sources 
in 2020. The target for Finland is 38% of 
final energy consumption by RES (cur-
rent RES share 28.5%). 

2.2 Progress
The development in wind power capac-
ity and production is presented in Fig-
ure 1. In 2011, there was one wind farm 
installed, but it was not yet producing 

power at the end of the year so the new 
installed capacity in the statistics is on-
ly one second-hand 750-kW turbine, 
and the total capacity was 198 MW at 
the end of 2011. There are several other 
wind farms in the building phase, so the 
new installed capacity during 2012 will 
be 70 MW to 100 MW. 

The wind resource was close to av-
erage during 2011, after two low wind 
years. The 50 MW of new capacity in-
stalled in 2010 had their first full year of 
operation, therefore increasing wind ener-
gy production in 2011 by 65% compared 
to 2010. The production of 483 GWh 
corresponds to 0.6% of the annual gross 
electricity consumption of Finland (Table 
1). The environmental benefit of wind 
power production in Finland is about 0.3 
million tons of CO

2
 savings per year, as-

suming 700 g/kWh CO
2
 reduction for 

wind power (replacing mostly coal and al-
so some gas power production). The new 
wind farms produce considerably better 
than the old ones. 

At the end of 2011, 131 wind tur-
bines were in operation in Finland (Fig-
ure 2). The average wind turbine size is 
1.5 MW. About 37% of the capacity is 
from turbines originating from Finland, 
46% from Denmark, 14% from Ger-
many, and 3% from the Netherlands. 
The size of the installed capacity ranges 
from 75 kW to 3.6 MW. In early 2012, 
there were 21 MW installed (six 3-MW 
turbines in Simo and one 3.6-MW pilot 
plant inVaasa) and 50 MW to 150 MW 
worth of wind power projects were 

preparing for construction (in Simo, 
Hamina, Kotka, and Raahe). 

The Åland islands between Finland 
and Sweden constitute an autonomous 
region with its own legislation, budget, 
and energy policy. Wind energy cov-
ered 23% of electricity consumption in 
2011 with 22 MW of installed capacity. 
A transmission line to mainland Finland is 
planned and this will help further deploy-
ment of wind power in this wind rich re-
gion. However, the region has not been 
included in the guaranteed price mecha-
nism thus making all development depen-
dent on the regional, limited subsidies. 

 

2.3 National incentive programs
A feed-in premium entered into force 
on 25 March 2011 in Finland, replacing 
the old investment subsidy scheme with 
limited amount of funds. Earlier, a tax 
refund of 6.9 EUR/MWh (8.9 USD/
MWh) was awarded. This small subsidy 
for the older projects (not in the feed-in 
premium scheme) was stopped in 2011. 

The feed-in premium scheme 
means that a guaranteed price of 83.5 
EUR/MWh (108 USD/MWh) is 
set for wind power, where the differ-
ence between the guaranteed price and 
spot price of electricity will be paid to 
the producers as a premium. There is a 
higher guaranteed price level of 105.3 
EUR/MWh (136.2 USD/MWh) until 
the end of 2015 (maximum three years) 
to encourage early projects. A three-
month average spot price (day-ahead 
electricity market price at the Nordic 
market Elspot) will be the comparison 
price to determine the payments to the 
producers. The producers will be paid 
the guaranteed price minus the average 
spot price, after every three-month pe-
riod. Should the average spot price rise 
to above the guaranteed price, the pro-
ducers will get this higher price. How-
ever, wind power producers will also be 
responsible for paying the imbalance fees 
from their forecast errors. This has been 
estimated to add 2 to 3 EUR/MWh 
(2.6 to 3.9 USD/MWh) to the produc-
ers, if they use a weather forecast based 
prediction system for the day-ahead bids 
to the electricity market.

If the emission trading of fossil fuel 
prices raises electricity market prices, 
this will reduce the taxpater payments 
for this subsidy. The cost for the subsidy Figure 1. Wind power capacity and production: FMI Wind energy index is calculated 

from Finnish Meteorological Institute (FMI) wind-speed measurements and converted 
to wind power production; 100% is average production from 1987 to 2001.

Finland
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Figure 2. Wind turbines operating in Finland by the end of 2011 (right) 
and wind power projects published (left)

will be recovered by electricity taxes. 
The regulator Energy Market Authority 
is managing the system. A special sub-
sidy for offshore wind power will still be 
considered. Negotiations for an invest-
ment subsidy for the first large offshore 
demonstration wind power plant are on-
going. There is a 20 million EUR (25.9 
million USD) demonstration subsidy in-
cluded for an offshore wind farm in the 
budget frame in 2013-2015.

The guidelines for planning and 
building permission procedures for wind 
power plants are currently being revised 
by Ministry of Environment.

2.4 Issues affecting growth
The progress in wind power capacity in 
Finland has been slow compared with 
other European countries. The funds 
available for investment subsidies were 
inadequate to achieve any large increases 
in wind-power capacity. From 2005 to 
2008, no specific goal for wind power 
was set. 

The target of 6 TWh/yr for 2020 
(2,500 MW) and the preparation for 
feed-in premium system led to a rush 
for the best sites during the last couple 
of years. At the beginning of 2012, there 
were 165 wind power projects totaling 
4,800 MW in various phases of planning 
onshore, and 16 announced projects off-
shore totaling 3,000 MW. The guaranteed 

price 83.5 EUR/MWh (108 USD/
MWh) is not sufficient to start offshore 
projects. 

Permitting has proved to be a chal-
lenge for many of the planned projects. 
Concerns have been raised on birds (es-
pecially eagles) and bats, safety distances 
to roads, railways and airplane landing 
zones, radar, and low frequency noise. 
The planning process with environ-
mental impact assessment is considered 
lengthy by developers.

Radar influence became an issue in 
2010 stopping all building permits for a 
while. A project to develop an impartial 
and transparent procedure and scientific 
tool to help Ministry of Defence to es-
timate the radar impacts was made in 
2011. Based on the investigations since 
then, more than 40 sites were given per-
mission from radar interference point of 
view. Currently about 40 sites are on the 
list for a more detailed assessment and 
less than ten projects have been declined 
based on radar issue. 

Sites for wind power have been 
added to regional plans by the authori-
ties. This is an on-going practice in all 
regional plan updates and will help in 
permitting future wind power projects. 
To overcome planning and permitting 
problems, investigation on administra-
tive barriers for Finnish wind power was 
launched by the Ministry of Economy 

and Employment. Investigator Justice 
Lauri Tarasti was appointed to come up 
with proposals by April 2012. 

3.0 Implementation 
3.1 Economic impact

Direct and indirect employment in 
the energy sector of the wind power 
industry is still quite low (less than 100 
people). However, the technology sector 
is strong. There are more than 20 tech-
nology and manufacturing companies 
involved in wind power in Finland, em-
ploying more than 3,000 people, with 
an economic turnover of about 0.8 bil-
lion EUR/yr (1.03 billion USD/yr). 
All in all, there are more 100 compa-
nies in the whole value chain from de-
velopment and design of wind farms to 
O&M and other service providers.

Technology Industries has estimated 
that maintaining current market share in 
global wind power markets would mean 
increasing economic turnover to a level 
of 3 billion EUR/yr (3.8 billion USD/
yr) in 2020. However, if global market 
share increased, there is the potential to 
raise technology exports to a level of 12 
to 14 billion EUR/yr (15.5 to 18.1 bil-
lion USD/yr) in 2020. Employment in 
the wind power sector in Finland could 
increase to 14,000 to 36,000 person-
years in 2020. However, the financing 
crisis together with delayed ramp up of 
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the domestic market has affected several 
Finnish companies. Attempts to initiate a 
national R&D program have also failed.

3.2 Industry status
3.2.1 Manufacturing

The Finnish manufacturer WinWinD 
presented its first 1-MW pilot plant 
in spring 2001 and erected the 3-MW 
pilot plant in 2004 in Oulu. Their tur-
bines operate at variable speed with a 
slow speed planetary gearbox and a low-
speed, permanent-magnet generator. By 
the end of 2011, WinWinD had installed 
314 MW in seven countries including 
Estonia, Finland, France, Portugal, and 
Sweden. WinWinD has manufactured 
37% (73 MW) of the installed wind 
power capacity in Finland (Figure 3). 
In 2011, the number of employees was 
about 800 (311 in Finland). 

In 2009, a new turbine manufactur-
er, Mervento, started to develop its first 
prototype that is especially designed for 
offshore applications. The 3.6-MW pi-
lot turbine was erected in the beginning 
of 2012. The turbine is direct-drive and 
the pilot has a guyed tower. Mervento is 
planning an assembly line in Vaasa with 
annual capacity of 100 nacelles. Mer-
vento’s long-term goal is to be a global 
actor in the wind energy sector.

Several industrial enterprises have 
developed important businesses as world 
suppliers of major components for wind 
turbines. For example, Moventas is the 
largest independent manufacturer of gears 
and mechanical drives for wind turbines. 
ABB is a leading producer of generators 
and electrical drives for wind turbines. 
The Switch company supplies individu-
ally tailored permanent-magnet genera-
tors and full-power converter packages to 
meet the needs of wind turbine applica-
tions, including harsh conditions. In addi-
tion, materials such as cast-iron products, 

tower materials (Rautaruukki), and glass-
fiber products (Ahlstrom Glasfiber) are 
produced in Finland for the main wind 
turbine manufacturers. Sensors especially 
for icing conditions are manufactured by 
Vaisala and Labkotec.

 
3.2.2 Ownership and applications

Most of the turbines in Finland are lo-
cated along the coast and are owned 
by power companies and local energy 
works. Green electricity is offered by 
most electric utilities. In recent years, 
many new customers are purchasing re-
newable electricity products. 

The supply of used turbines from 
the first demonstration projects in Fin-
land and from the Netherlands has en-
couraged some farmers to acquire sec-
ond-hand turbines. These turbines are 
located inland where the wind resource 
is limited at heights below 60 m due to 
forested landscape. 

There is an ever-increasing inter-
est in offshore projects, as good sites for 
larger wind farms on the coastal areas 
are scarce. The first semi-offshore proj-
ects were built in 2007. Six 2.3-MW 
turbines were installed on small islands 
in Åland Båtskär. In 2007 to 2008, ten 
3-MW WinWinD turbines were erected 
in Kemi Ajos. Eight of these turbines (24 
MW) are offshore. In 2010, a 2.3-MW 
turbine was erected offshore, 1.2 km 
from Meri-Pori harbor. This turbine is a 
pilot for a 90-MW offshore project. En-
vironmental impact analyses have been 
started for several offshore wind farms 
and the first of them (Suurhiekka, 288 
MW) received a building permit ac-
cording to the water act early in 2011 
(the building permit according to the 
building act is still to be applied for). Be-
sides this project, six other offshore proj-
ects (almost 1,200 MW) have finished 
their environmental impact assessment. 
An offshore demonstration will need 
extra subsidies to be realized. 

3.3 Operational details
The average capacity factor of wind tur-
bines operating in Finland was 28% in 
2011. This is a new record in Finland, 
the capacity factor has ranged from 17% 
to 24% in previous years. A good wind 
year, together with new larger, well-sited 
turbines with longer blades, explains the 
good average capacity factor for 2011. 

Figure 3. Market shares of turbine 
manufacturers in Finland as a percent-
age of total capacity at the end of 2011 
(198 MW)

The wind power production index was 
92% to 106% in different coastal areas in 
Finland. As reported in the annual wind 
energy statistics of Finland, the capacity 
factor of the MW-size turbines is consid-
erably higher than for turbines less than 
50 m high (Figure 4). Higher turbines 
produce significantly more in the forested 
landscape of Finland. The average avail-
ability of wind turbines operating in Fin-
land has been 89-96% in 2001-2010. 

3.4 Wind energy costs
For the feed-in tariff working group 
in 2009 the cost of wind energy pro-
duction was estimated for coastal sites 
in Finland to range between 60 to 80 
EUR/MWh (77.6 to 103.5 USD/
MWh) without subsidies. This calcula-
tion assumes 2,100 to 2,400 h/a full 
load hours for yearly average produc-
tion; 1,300 to 1,400 EUR/kW (1682 
to 1811 USD/kW) investment cost; 20 
years, 7% internal rate of return; and 26 
to 28 EUR/kW/yr (33 to 36 USD/
kW/yr) O&M cost. Balancing cost of 2 
EUR/MWh (2.6 USD/MWh) was as-
sumed – this would apply for 2010 pric-
es for distributed wind power produc-
tion; for a single site, the cost would be 
3 EUR/MWh (3.9 USD/MWh). The 
estimated cost of offshore production 
could exceed 100 EUR/MWh (129.4 
USD/MWh). 

The average spot price in the elec-
tricity market Nordpool was 49 EUR/
MWh (63.4 USD/MWh) in 2011 (57 
EUR/MWh; 73.7 USD in 2010). Wind 
power still needs subsidies to compete 
even on the best available sites. The 
guaranteed price of 83.5 EUR/MWh 
(108 USD/MWh) for 12 years (105.3 
EUR/MWh; 136.3 USD/MWh for the 
first three years but only until the end of 
2015) is expected to open the onshore 
market in 2012-13.

All wind energy installations are 
commercial power plants and have to find 
their customers via a free power market. 
In most cases, an agreement with a local 
utility is made that gives market access 
and financial stability. The new feed-in 
premium for wind energy fits the Nordic 
electricity markets, as the producers will 
sell their energy in the market or by bilat-
eral contracts, and account for the balanc-
ing costs for their production. 

Finland
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4.0 R, D&D Activities
4.1 National R, D&D efforts
The Finnish Funding Agency for Tech-
nology and Innovation (Tekes) is the 
main public funding organization for re-
search, development, and innovation in 
Finland. Tekes funds R&D and innova-
tion activities by companies and research 
organizations registered in Finland. Tekes 
invested 610 million EUR (789.3 mil-
lion USD) in R&D projects in 2011. 
In 2011, 10 million EUR (12.9 million 
USD) was invested in wind projects 
(Figure 4). Tekes is the main source of 
funding for Finnish co-operation with 
IEA.

Since 1999, Finland has no national 
research program for wind energy. Indi-
vidual projects can receive funding from 
Tekes. Some wind integrated projects 
are in the SGEM Smart Grids program 
and in GROOVE Growth from Re-
newables program. Most of the wind 
power R&D projects in 2011 were in-
dustrial development projects. The main 
developed technologies were power 
electronics, generators, permanent-
magnet technologies, gearboxes, wind 
turbines (large and small ones), foundry 
technologies, manufacturing technolo-
gies, construction technologies, automa-
tion solutions, and services. 

A Finnish consortium MegaCen-
tre was formed by a group of industrial 
players, VTT, and academia to design, 
plan, and build a research facility for 
large wind turbines and their compo-
nents. The planning phase started in late 
2010 by financial support from TEKES 
and consortium members. 

The wind atlas, launched by the 
Finnish Meteorological Institute in 2010 
was amended by adding an icing atlas 
in March 2012. The icing atlas includes 
monthly average values for time of instru-
mental icing, time of structural icing, and 
production losses due to icing (Figure 5).

VTT is developing technologies, 
components, and solutions for large 
wind turbines. An icing wind tunnel 
for instrument and material research 
and testing in icing conditions began 
operation in 2009. Industrial collabora-
tion in the development of reliable and 
cost-efficient solutions for drive trains 
for future wind turbines continued. 

Figure 4. Tekes funding for wind power R&D projects in the last 
seven years

Several technical universities also carry 
out R&D projects related especially to 
electrical components and networks 
(Lappeenranta, Tampere, Vaasa, and 
Aalto).

4.2 Collaborative research 
VTT has been active in several inter-
national projects in the EU, Nordic, 
and IEA frameworks. As part of the 
EU project REServices (2012-2014), 
the possibilities of system services from 
wind power are studied to help wind 
integration.

VTT is participating in two Nordic 
Energy Research projects Offshore DC 
Grid and IceWind.

Finland is taking part in the follow-
ing IEA Wind research tasks:

•	Task	 11	 Base	 Technology	 Infor-
mation Exchange (VTT)
•	Task	 19	 Wind	 Energy	 in	 Cold	
Climates (Operating Agent, VTT)
•	Task	 25	 Power	 Systems	 with	
Large Amounts of Wind Power 
(Operating Agent, VTT) 
•	Task	 30	 Offshore	 Code	 Com-
parison Collaboration Continuation 
OC4 (VTT)

VTT is a founding member of the 
European Energy Research Alliance 
(EERA) and participating actively in the 
joint program in wind energy. The FMI 
has been active in EU collaboration for 

Figure 5. Estimate of average annual 
production losses due to icing in Fin-
land (Source: Icing atlas, FMI and VTT)
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wind and ice measurement technology. 
FMI has been coordinating the COST 
collaboration “Measuring and Forecast-
ing Atmospheric Icing of Structures.”

5.0 The Next Term
A record year of installations is expected 
in 2012 for Finland. The trend should 
continue in 2013 as all projects try their 
best to get as many years as possible for 
the higher guarantee price period ex-
piring end of 2015. Approximately 70 
to 100 MW of new capacity is antici-
pated for 2012. A huge number of proj-
ects are planned, under feasibility stud-
ies, or have just been proposed: 4,800 

MW onshore and 3,000 MW offshore. 
A list of wind turbine projects in Fin-
land can be found at http://www.vtt.fi/
windenergystatistics. 

Large wind turbine pilot projects 
are expected to be developed and built, 
including turbines with high towers 
and larger diameters. The blade heating 
system developed in Finland is now in 
commercialization. Further research and 
development in this area will continue. 

The MegaCentre facility is expected to 
enter construction phase in 2012.

Authors: Hannele Holttinen and Esa 
Peltola, VTT Technical Research Centre 
of Finland, Finland.
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Table 1. Key Statistics 2011: Germany (1)
Total installed generation 29,075 MW

New wind generation installed 2,007 MW

Total electrical output from wind 46.5 TWh

Wind generation as % of national electric 
demand

7.6%

Average capacity factor 19%*

Targets 35% of electrical energy consumption by 
renewables and 10 GW off shore wind by 

2020.
80% electrical energy consumption by 

renewables in 2050.

Preliminary results of wind energy monitor 2011 by Fraunhofer IWES.

20  Germany

1.0 Overview
ind energy continues to be 

the most important renew-
able energy source in Germany 

in the medium term. The Federal Min-
istry for the Environment, Nature Con-
servation, and Nuclear Safety (BMU) 
is in charge of renewable energy policy 
and of the funding policy of research on 
renewable energies within the German 
federal government. 

At the end of 2011, Germany had 
22,297 wind turbines (2010: 21,572) 
installed, with a total capacity of 29,075 
MW (2010: 27,191 MW). The new ca-
pacity installed in 2011 was 2,007 MW 
(2010: 1,551 MW) (1).

By the close of the German off-
shore market’s third year, a total ca-
pacity of 215 MW (55 wind turbines) 
were installed in the Baltic 1 (Bal-
tic Sea, opening photo), BARD Off-
shore 1 (North Sea), and alpha ventus 
(North Sea) offshore wind farms. Thirty 
three of these wind turbines have been 
connected to the grid in December 

W
2011(108 MW). But only six wind tur-
bines were newly installed in the sea in 
2011. Even though this seems to be a 
reduction of the offshore growth, many 
projects are contracted or in prepara-
tion. Four offshore wind farms will start 
installation at sea in 2012. Thirty off-
shore wind farm projects have received 
permission by the federal authorities 

since 2000. Companies are expanding 
their production of offshore wind tur-
bines, offshore foundations, and their 
capacity for offshore logistics and con-
struction processes. The offshore expan-
sion is supported by a 5 billion EUR 
(6.5 billion USD) credit program of the 
government-owned bank “KfW Ban-
kengruppe” (Kfw). The working group 
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“Acceleration of Grid connection of 
OffshoreWind Farms,” initiated by the 
federal government, developed measures 
for the improvement of this process in 
2012. 

Onshore, there was a remarkable ex-
tension of the wind energy capacity also 
in some of the German states far from 
the coast such as Rheinland-Palatinate 
and Bavaria. 

According to plans of the federal 
government, half of German electric-
ity consumption shall be produced by 
wind in 2050. Repowering (exchange 
of older wind turbines by new turbines 
with higher capacity) shall extend the 
onshore capacity. In 2011, 270 wind 
turbines (123 MW) were removed and 
replaced by 96 new wind turbines (238 
MW).  

Construction of the first German 
offshore wind farm, the alpha ventus test 
site, began in 2009. It became opera-
tional in April 2010. In 2011, the wind 
farm consortium DOTI reported 4,450 
full load hours and a technical availabil-
ity of up to 97%. The accompanying re-
search initiative at alpha ventus, RAVE, 
is funded by the BMU with about 52 
million EUR (67 million USD). Af-
ter completion of the installation of all 
measuring equipment and sensors at 
foundations and turbines, RAVE started 
its practical data acquisitions from the al-
pha ventus test site. Researchers used the 
data in 2011 to validate numerical mod-
els and study the performance of the 
wind farm in operation. 

An important issue that will influ-
ence wind energy development and the 
entire grid technology during the next 
ten years is the federal government’s de-
cision to step away completely from nu-
clear energy production by 2022.  

2.0 National Objectives
2.1 National targets
In September 2010, the German federal 
government decided on a new Energy 
Concept (plan). The scenarios informing 
the Energy Concept have shown that in 
2050 wind energy will play a key role 
in electricity generation (2). The En-
ergy Concept therefore emphasizes the 
extension of onshore and offshore wind 
energy. The Energy Concept explic-
itly formulates the target of 25 GW of 
offshore wind power installed by 2030. 
More general policy objectives are the 

extension of the share of renewables in 
electrical energy consumption to 50% 
by 2030, 65% by 2040, and up to 80% 
by 2050 (2). 

2.2 Progress
In 2011, the share of renewable energy 
production in relation to the electrical 
energy consumption has grown rapidly 
from 17.1% (2010) to 20.0% (2011). 
Wind energy alone had a share of 7.6%. 
While 2010 was a year of below average 
wind conditions, 2011 had reasonably 
good wind conditions so that wind pro-
duced 46.5 TWh (+23%) of electrical 
energy (3). This is equivalent to 36.1 Mt 
of avoided CO

2
 emissions (1).

The total electrical energy produc-
tion from renewable energies was 122 
TWh.  Of the electrical energy produc-
tion from renewable energies, 38.1% was 
generated by wind, followed by biomass 
(30.0%), hydropower (16.0%) and pho-
tovoltaics (15.6%) (3).

2.3 National incentive programs
For Germany’s wind energy market the 
Renewable Energy Sources Act (EEG) is 
the major incentive. Based on the EEG 
field report 2011, the German Parlia-
ment voted for an amendment of the 
EEG, which became effective 1 January 
2012. For onshore wind, the premium 
tariff remained the same (89.3 EUR/
MWh; 115.55 USD/MWh). In order to 
further stimulate cost reductions, the di-
gression will increase from 1% to 1.5% in 
2012. Also the Repowering Bonus (4.8 
EUR/MWh; 6.21 USD/MWh) as well 
as the Ordinance on System Services by 
Wind Energy Plants stayed the same (4.8 
EUR/MWh; 6.21 USD/MWh). The lat-
ter one (Ordinance on System Services) 
will be prolonged by one year, meaning 
that any project connected to the grid be-
fore 2015 is eligible. The tariff for offshore 
wind energy for wind turbines installed 
in 2012 will be 150 EUR/MWh (194 
USD/MWh) until 2017. Due to delays in 
project starts, the digression is postponed 
by three years and will only become ac-
tive in 2018. In return, the digression will 
increase from 5% to 7%. To stimulate in-
vestments in offshore wind energy, an 
optional, no additional costs compression 
model has been introduced. Instead of 
150 EUR/MWh (194 USD/MWh) for 
a period of 12 years, operators of offshore 
wind farms may chose 190 EUR/MWh 

(246 USD/MWh) for a period of just 
eight years. Depending on water depths 
and distance to shore, the allowance will 
then drop to the standard 150 EUR/
MWh (194 USD/MWh) and eventually 
to the base allowance of 35 EUR/MWh 
(45 USD/MWh). The incentive regime 
will stay the same for 20 years, as it is valid 
in the year the turbine is connected to the 
grid (4). 

2.4 Issues affecting growth
As in 2010, the worldwide financial cri-
ses hampered the acquisition of debt 
capital and by that the growth of the 
German wind energy market, especially 
offshore. New bank rules like Basel III 
increased the efforts needed to allocate 
the necessary investment money. To 
compensate for this, the business devel-
opment bank of the Federal Republic 
and the federal states (kfw) has set up a 
5 billion EUR (6.5 billion USD) cash 
program for up to ten offshore wind 
farms. By means of this program banks 
shall be able to gain experience in fi-
nancing offshore wind projects so that 
future projects can get financing quicker 
and easier.

Delays in electricity grid expan-
sions is another major issue affecting the 
growth. For offshore wind energy, the 
situation became critical in November 
2011, when the transmission system op-
erator (TSO) responsible for connecting 
the offshore wind farms in the North 
Sea announced serious problems in real-
izing the grid connections in due time. 
Task forces such as the working group 
“Acceleration” consisting of all relevant 
stakeholders have been implemented to 
work out possible solutions (5). 

Despite different factors influencing 
the annual installation, overall growth in 
capacity has stayed roughly stable since 
2004 (Figure 1). 

3.0 Implementation 
The entire wind energy industry with 
its turbine manufacturers, sub-suppliers, 
and service providers has become an 
important, innovative, and mature in-
dustry sector for the German national 
economy. This holds true for onshore 
as well as offshore wind energy. Impor-
tant sub-suppliers are located in almost 
every German state, so not only coastal 
states like Lower Saxony or Bremen 
benefit from revenues and employment, 
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but even southern states like Bavaria or 
Baden-Wurttemberg.

3.1 Economic impact
Investment in wind energy in Germa-
ny was 2.95 billion EUR (3.82 billion 
USD) in 2011. An additional turnover 
of 1.4 billion EUR (1.8 billion USD) 
resulted from wind turbine operations. 
The turnover of all turbine and compo-
nent producers located in Germany was  
8.91 billion EUR (11.5 billion USD) 
(German market including export). Em-
ployment increased slightly again, with 

approximately 101,100 people (Table 2) 
working in the business (2010: 96,100). 
Employment in R&D and public ad-
ministration for all renewable energies 
rose to another 9,600 people. (6) 

To cope with the resulting demand 
for highly educated people, new training 
centers and study programs have been 
set up. Those range from vessel and crane 
simulators to dedicated wind energy 
study courses at universities and universi-
ties of applied sciences. For the first time, 
universities from Denmark, Germany, the 
Netherlands, and Norway started a joint 

European Wind Energy Master program 
(www.windenergymaster.eu).

3.2 Industry status
By 2020, the world market for offshore 
wind energy will be dominated by the 
North Sea region. Therefore the off-
shore home market is of major impor-
tance for German-based manufacturers. 
Production lines and harbors have been 
further developed accordingly.

WeserWind, a support structure 
manufacturer located in Bremerhaven, of-
ficially launched its serial production line 
for offshore support structures in Sep-
tember 2011. Siemens opened its new 
world wide Wind Power Headquarters in 
Hamburg in October 2011. The company 
plans to increase staff from 170 in 2011 
to 500 in 2013. AREVA Wind GmbH, 
based in Bremerhaven, put its 5-MW, full-
load test bench in operation in October 
2011. All AREVA turbines leaving the 
production line will be tested by this test 
bench. This is one of the lessons learned 
from the offshore test site alpha ventus. 
AREVA developed a new version of its 
M5000 5-MW turbine with a larger ro-
tor diameter of 135 m. Experiences and 
results of the alpha ventus test site research 
were used to develop a new light nacelle 
conception adopted to the harsh offshore 
conditions (7). 

The BARD Company installed the 
fiftieth foundation at the BARD Off-
shore 1 wind farm at the end of 2011. 
Not all installed turbines of this wind 
farm were connected to the grid in 
2011, but those connected show a good 
performance. Negotiations for the sale 
of the BARD Company to a new inves-
tor continued at the end of the year (7). 

With respect to newly installed ca-
pacity (2,007 MW, 895 wind turbines) 
the largest share of the German wind 
market are still held by Enercon (59.5%), 
Vestas (21%) and REpower Systems 
(9.7%). Vestas showed the largest growth 
in market share 2011 (+6.4%).

3.3 Operational details
Germany’s first offshore wind farm al-
pha ventus fed 267 GWh of energy 
into the German electricity grid in 
2011. This result is 15% greater than the 
amount of energy anticipated for the 
year. It is the result of very good wind 
conditions and turbine availabilities up 
to 97%.

Figure 1. The new, 90-m test rig at the rotor blade test center at Fraunhofer IWES in 
Bremerhaven
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Table 2. Number of employees for different branches of wind energy

By investment 
including export

By operation and 
maintenance

Total employment 
2011 for wind

Onshore Wind 74,700 17,800 92,500

Offshore Wind  7,900      700   8,600

Total 82,600 18,500 101,100

Based on its experiences with Bal-
tic 1, the utility EnBW began its second 
offshore wind farm.  Baltic 2 will be 
four times larger than Baltic 1 and will 
provide six times as much energy, 1,200 
GWh/yr. Due to varying water depths 
from 23 m to 44 m, a mixture of mono-
pile and jacket foundations will be used.

In January and February BARD 
replaced the nacelles of its two 5-MW 
offshore prototype turbines near Em-
den with a new 6.5-MW version, while 
keeping the size of the nacelle the same. 
Also in January 2011, Enercon installed 
its 7.5-MW version of the E-126 wind 
turbine in Magdeburg – at that time 
the world’s most powerful wind turbine. 
Eleven E-126 turbines (6 MW and 7.5 
MW) have been used for an onshore 
wind park in Estinnes (Belgium), as the 
construction was completed in June 
2011. The wind farm is expected to de-
liver 187 GWh annually.

Compared to recent years the mean 
turbine size increased significantly in 
Germany. In 2011 the average wind 
turbine had a capacity of 2.24 MW, an 
increase by 9% compared to the average 
turbine in 2010.

3.4 Wind energy costs
Exact figures for the cost of wind ener-
gy are very difficult to gain and depend 
very much on practical project condi-
tions. While for good onshore locations 
electricity production costs are in par-
ity with the average production costs, 
offshore wind energy is still at an early 
stage and not yet fully optimized. Nev-
ertheless, with a steep learning curve, in-
tense R&D, and better wind conditions 
offshore, wind energy is expected to be-
come competitive

4.0 R, D&D Activities
4.1 National R, D&D efforts
An important step to implement the 
Energy Concept of the federal gov-
ernment was the adoption of the sixth 

Energy Research Program in August 
2011 (8). The program describes the 
baselines for energy research in the years 
to come. For research on renewable en-
ergies, the government plans to spend 
1.3 billion EUR (1.7 billion USD) until 
2014, most of this amount is for funding 
projects. The call of BMU for research 
on renewable energies, published in De-
cember 2011, details the main topics of 
funding (9) including the following. 

•	further	 development	 of	 complete	
wind turbines
•	concepts	for	drive	trains	and	elec-
trical components 
•	rotor	blades
•	foundations	 and	 concepts	 for	
towers and support structures
•	wind	 physics,	 wind	 field	
investigation
•	logistics,	installation	processes,	op-
eration and maintenance
•	environmental	 aspects,	 accompa-
nying ecological research, and ac-
ceptance of wind energy. 

In 2011, 74 new projects (includ-
ing thematic and financial extension of 
ongoing projects, 2010: 37) have been 
funded by 77 million EUR; 99 million 
USD (2010: 53 million EUR; 68 mil-
lion USD). Most projects have a dura-
tion of three years. Figure 2 shows the 
development of R&D funds for new 
projects and the number of new projects 
each year since 2004. A little more than 
half of the new projects deal with specif-
ic offshore topics. Half of the new R&D 
projects are carried out by companies or 
in cooperation between research insti-
tutes and companies. 

4.1.1 Highlights of Ongoing Research

The federal authorities require a sound 
level of 160 decibels or less at 750 m 
from the pile for offshore ramming ac-
tivities. To be able to maintain this level 
in the future, a consortium under co-
ordination of the RWE Offshore Logis-
tics Company (OLC) tested a series of 

different sound absorber systems under 
comparable conditions (ESRa-project). 
The consortium aims to formulate rec-
ommendations for future sound miti-
gation technologies on the basis of a 
systematic analysis of the data obtained. 
ESRa is funded by BMU with 900,000 
EUR (1.1 million USD). 

Progress was made in 2011 in es-
tablishing test facilities for wind turbines 
and large wind turbine components. The 
rotor blade test center at Fraunhofer 
IWES in Bremerhaven for up to 70-m 
long blades (InnoBladeTeC-project) was 
supplemented by a second 90-m test rig 
in spring 2011 (Figure 1). The Universi-
ty of Hannover started the planning and 
construction of a test center for research 
on offshore foundation components and 
large scale models of complete founda-
tions. The foundation test center is fund-
ed by BMU with 12 million EUR (15.5 
million USD). The hall, laboratories, and 
infrastructure are financed by the state of 
Lower Saxony. 

The Fraunhofer IWES in Bremer-
haven started the development and 
construction of a drive train test center 
for research on gearless turbines (Dy-
namic Nacelle Laboratory – DyNaLab). 
It will be designed for full scale tests of 
turbines in the power range of 2 MW 
to 7.5 MW. The project is funded by 
BMU with 10 million EUR (12.9 mil-
lion USD). Furthermore, infrastructure 
is financed by the state of Bremen and 
by the European Fund for Regional 
Development. 

Another research center specialized 
in drive train investigation and develop-
ment was founded at the Technical Uni-
versity Aachen. The Center for Wind 
Power Drives (CWD) developed a first 
1-MW drive train test rig, which will 
be used for research purposes. On the 
basis of the experiences gained, CWD 
will develop a larger test rig for turbine 
drives with gears. 

The research initiative at the test site 
alpha ventus, RAVE, continued its work 
in 2011 as a major activity in wind en-
ergy research. Through the end of 2011, 
51.6 million EUR (66.7 million USD) 
have been funded for RAVE, which in-
volves about 45 universities, institutes, 
and companies. The RAVE research data 
bank contains 10 TB of information from 
the test site after about 17 months of full 
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Figure 2. Development of R&D funds for new projects and the number of yearly new projects funded by BMU since 2004

operation. A more detailed description 
of RAVE was given in the IEA Wind 
2010 Annual Report. A 50-page bro-
chure describing all RAVE-projects can 
be ordered at Fraunhofer IWES (info@
rave-offhore.de). The experiences gained 
by the operator of the wind farm and 
other involved parties during planning 
and construction of alpha ventus have 
been published in the book ALPHA 
VENTUS – Operation offshore contain-
ing a chapter on RAVE (10). A YouTube 
channel with information on RAVE was 
established in 2011 (11). 

RAVE organized a networking 
workshop with other European wind 
energy research initiatives including 
we@sea (the Netherlands), FLOW (the 
Netherlands), Enova (Norway), and 
Vindforsk (Sweden) as a side event at 
the EWEA 2011 Offshore Wind Con-
ference in Amsterdam. A Memorandum 
of Understanding with the Norwegian 
NORCOWE research center was con-
cluded by IWES. New RAVE projects 
established in 2011 are investigating 
turbulence, corrosion and material deg-
radation, and the use of Lidar for the 
characterization of wakes. 

The three FINO offshore research 
platforms continued their measurements 
in 2011. A virtual visit of the FINO 3 
platform can be found at www.fino3.
de/joomla15/index.php?option=com_
content&view=category&layout=blog&

id=28&Itemid=367. A joint workshop 
organized by GL Garrad Hassan in May 
2011 in Hamburg summarized the re-
search activities at the FINO platforms 
and presented results and experiences 
achieved so far (12). As a result of the 
workshop, a project proposal was devel-
oped to undertake a detailed compara-
tive analysis of the wind data of all three 
platforms. A further project will develop 
common information and publication 
activities of the three platform operators 
and research teams. 

Investigation of onshore wind con-
ditions in complex terrain and forests is 
done in a project, which installed a 200-
m measuring mast at such a location. It 
will develop recommended practices 
for wind energy use in medium moun-
tains and forests. The mast is used by 
Fraunhofer IWES as well for the cali-
bration of Lidar instruments (13). 

4.1.2 Wind Energy Research Networks

Wind energy research in Germany has 
experienced rapid development in re-
cent years. In 2011, Fraunhofer IWES 
and ForWind (Center for Wind En-
ergy Research of the Universities of 
Bremen, Hannover and Oldenburg) 
joined the forces of their approximately 
450 staff members by collaborating in 
a Wind Energy Research Association, 
now covering a broad spectrum of tech-
nical wind energy research (Research 

Network North). Other research col-
laborations followed. 

The research network WindForS, 
founded in 2011, consists of universities 
of the German southern states including 
University of Stuttgart, Karlsruhe Insti-
tute of Technology, Technical University 
Munich, and others. Research is focused 
on wind physics, turbulence, Lidar wind 
measuring technology, aerodynamics, 
and wind energy use in complex terrain. 

The Competence Centre for Wind 
Energy Berlin was founded in 2010 by 
the Technical University Berlin, the Fed-
eral Institute for Materials Research and 
Testing (BAM), and the University for 
Economics and Technology. Research is 
focused on geo-mechanical aspects of off-
shore foundations, material testing, energy 
converters, as well as on ecological and 
planning aspects of wind energy. 

The CWD center for drive train in-
vestigations described above is located in 
the state North-Rhine-Westphalia.

The fifth network founded in 2005 
is the Centre of Excellence for Wind En-
ergy Schleswig-Holstein (CEwind). Top-
ics of research are small wind turbines, 
turbulence, marine ecology, lightning 
protection, and research at offshore mea-
suring platforms (FINO 1 and FINO 3). 

4.2 Collaborative research
A new IEA Wind Task was initiated by 
the University Oldenburg to develop 
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recommended practices for the appli-
cation of Lidar measuring techniques 
(Task 32 Wind Lidar Systems for Wind 
Energy Deployment). Fraunhofer-IWES 
presented a new task proposal on the 
development of recommended stan-
dards and structures of operation for re-
liability data bases. Such data bases exist 
in several countries. The proposed new 
task will develop common principles to 
make information of these data bases 
comparable.

There is progress to develop an off-
shore database (OWMEP, operational 
data and information on failure) in Ger-
many comparable to the WMEP on-
shore database that has existed for many 
years. So far, eight offshore wind farm 
owners partly operating internationally 
have announced their participation in 
OWMEP. 

5.0 The Next Term
Offshore generation will expand in re-
sponse to a 5 billion EUR (6.5 million 
USD) credit program of the govern-
ment-owned bank “KfW Bankengrup-
pe” (Kfw). Four offshore wind farms 
will start construction in 2012 and com-
panies are expanding their production of 
offshore wind turbines, offshore founda-
tions, and their capacity for offshore lo-
gistics and construction processes. The 
working group “Acceleration of Grid 
connection of OffshoreWind Farms,” 
initiated by the federal government, de-
veloped measures for improving con-
nection approval in 2012. RAVE will 
hold an international conference in May 
2012 in Bremerhaven to report research 
findings at alpha ventus.
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21  Greece

uring 2011, total installed wind 
power increased from 1,210 
MW in 2010 to 1,640 MW. 

The Greek government acknowledges 
the importance of renewable energy 
sources and sets new national policy for 
their development. In June 2010, a new 
law L3851/2010 entitled “Accelerating 
the Development of Renewable Energy 
Sources to deal with climate change and 
other regulations addressing issues under 
the authority of the Ministry of Envi-
ronment, Energy and Climate Change” 
came into force. The main goal of the 
law was to simplify and accelerate li-
censing procedures. Regarding R&D, 
the Ministry of Environment, Energy 
and Climatic Change continues to sup-
port and promote all RE activities in the 
country.

D Table 1. Key Statistics 2011: 
Greece
Total installed wind generation 1,640 MW

New wind generation installed 343 MW

Total electrical output from wind 3.3 TWh/yr

Wind generation as % of national 
electric demand

5.8%

Average capacity factor N/A

Target: 40% of electricity from renewables by 2020
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Table 1. Key Statistics 2011: Ireland 
Total installed wind capacity (1)
(including 2 MW of micro-wind)

1,633 MW

New wind capacity installed 239 MW

Total electrical output from wind 4.38 TWh

Wind generation as % of national electric 
demand

15.6%

Average capacity factor (2) 31.6%

Target: 40% RES-E by 2020

*Bold italic indicates an estimate

22  Ireland

 Photo: Bart Busschots, CreativeCommons

1.0 Overview 
n 2011, wind generating capacity to-
taling 239 MW was installed in Ire-

land, a 17% increase by year’s end. Annual 
capacity additions have averaged of 22% 
over of the past four years and installed 
capacity has doubled since the middle 
of 2008. The additional capacity regu-
larly delivers new system records for wind 
power production. On 26 November 
2011, instantaneous wind power output 
reached 1,474 MW. Instantaneous wind 
penetration levels peaked above 40% in 

I every month of the year, reaching a maxi-
mum of 53.5% on 29 December 2011. 
This is remarkable given the relatively 
isolated nature of Ireland’s electricity grid. 
After a wind lull in 2010, 2011 marked 
a return to wind conditions which are 
more in line with the recent trend. In 
2011 18.7% of electricity supply was via 
renewable generation, 15.6% of which 
was by wind.

Much innovative work is ongo-
ing to facilitate the de-carbonizing of 
Ireland’s electricity supply by variable 

resources. Falling or stagnant demand for 
electricity will, however, exacerbate the 
economic and technical challenges in 
the integration of large amounts of re-
newable generating capacity before the 
end of the decade. Maximum instan-
taneous wind output will, in the very 
near future, exceed minimum system 
demand. Significant developments in in-
terconnection, power system operations, 
and demand side management are either 
under way or planned in order to maxi-
mize use of Ireland’s wind resource. Ire-
land’s overall dependence on imported 
fossil fuels remains high at 86% of total 
primary energy (3).

 
2.0 National 
Objectives and Progress 
2.1 National targets
Ireland’s binding EU 2020 target is to 
supply 16% of gross energy consump-
tion from renewable sources. The gov-
ernment has adopted sectoral targets 
devised to achieve this overall target, 
meaning 40% of electricity, 10% of 
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transport energy and 12% of heat energy 
are to come from renewable sources. 

Ireland’s first progress report under 
the National Renewable Energy Action 
Plan (NREAP) framework was submit-
ted in January 2012 (4). The impact of 
existing and planned strategies, measures, 
and interventions all feed in to the re-
port’s analysis and forecasting. To meet 
the 40% RES-E target, it is now fore-
cast that 3,521 MW of wind need to 
be connected. The NREAP originally 
forecast (in July 2010) a requirement 
for 4,649 MW. With 1,631 MW already 
installed, 1,437 MW with connection 
contracts in place, and approximately 
3,400 MW of connections with con-
tract offers issued by the end of 2011, it 
is clear that there is sufficient potential 
to exceed the 2020 targets. The rapid 
expansion of the sector may, however, 
have a detrimental effect on the financ-
ing environment for wind projects. A 
particular issue is the financial impact 
of the curtailment and constraint of 
wind farm output for system operation 
and network reasons and the allocation 
mechanisms for these are currently a fo-
cus of attention.

2.2 Progress
In 2011, 239 MW of new capacity was 
added, an increase (Figure 1) over the 
103 MW added in 2010. Of this new 
capacity, 198 MW were connected at 
the distribution level and one 41-MW 
wind farm was connected at transmis-
sion level. Of the capacity added in 
2011, 151.4 MW had formerly had a 

target connection date in 2010, while 
another 32.5 MW of the capacity added 
were brought forward from 2012 (5). 

Wind contributed 15.6% of the 
electricity generated during 2011. To 
meet its 2020 EU renewable energy 
target, Ireland requires that 40% of elec-
tricity demand be met from renewable 
sources. In 2011, Ireland supplied a gross 
18.7% of its electricity from renewable 
sources.

Figure 2 depicts the wind capac-
ity by county (with each individual site 
marked in yellow). Also shown is the 
2020 horizon pipeline of projects at 
various stages of development, the vast 
majority of which are in planning or 
pre-construction.

Significant progress was made in 
2011on two important developments, 
which will facilitate variable power 
sources, smart metering, and the 500-
MW interconnector to the United 
Kingdom (EWIC).The EWIC is on 
schedule to be energized in 2012 (6). 
Substantial smart metering technology 
and customer behavior trials were con-
cluded, and January 2012 saw the begin-
ning of a consultation on the proposed 
national rollout of the technology (7). 
The data from the trials is available on-
line (8). Several key decisions relating to 
connection policy (CER/11/083) (9), 
guarantees of origin (CER/11/824) (9), 

and dispatch (SEM-11-062, SEM-11-
105) (10) were published in 2011. See 
also reference 11.

Other evolutions of the sector in-
clude early moves towards wider market 

F igure 1. Wind generation capacity added from 1992-2011 (including cumulative ca-
pacity trend line) Data source: EirGrid

integration with Europe and renew-
able trading co-operation mechanisms 
with the UK through the British Irish 
Council.

2.3 National incentive programs
Ireland’s Renewable Energy Feed in 
Tariff 1 (REFIT 1) support mechanism 
for wind is funded through an European 
Commission state-aid sanctioned, Public 
Service Obligation (PSO) on final cus-
tomers. Please see the IEA Wind 2010 
Annual Report for more information. 
The reference prices for large (>5 MW) 
and small (<5 MW) projects are cur-
rently 68.08 EUR (88 USD) per MWh 
and 70.47 EUR (91 USD) per MWh 
respectively.

T he cost of the above PSO fund is 
allocated to all customer categories as 
a separate item on bills. The cost of the 
PSO to domestic customers during the 
2011/12 tariff year is 1.61 EUR (2.08 
USD) per account per month (12). Ap-
proximately 66% of the ex-ante fund 
from which the charge is calculated 
is created by subsidies to non-renew-
able generators such as natural gas and 
peat. It is not generally appreciated by 
consumers that the PSO levy primar-
ily supports fossil-fired generation and 
that wind depresses wholesale electric-
ity prices. Work carried out by SEAI 
and EirGrid shows that the latter ef-
fect is such that it cancels out the PSO 
costs for wind; see Section 3.4 and the 
IEA Wind 2010 Annual Report for more 
details. 

On 12 January 2012, the European 
Commission signaled its intention to 
provide state aid clearance for REFIT 
2. Once the decision is fully communi-
cated, a government decision to launch 
the scheme will be sought. The REFIT 
1 and REFIT 2 (and REFIT 3 for bio-
mass) mechanism are separate schemes, 
new terms and conditions in respect of 
each new scheme will be published as 
they are launched.

On 18 January 2012 the Minis-
ter for Communications Energy and 
Natural Resources stated that the gov-
ernment did not intend to seek state 
aid approval for a REFIT for offshore 
wind at this time. This statement re-
scinded a proposed offshore wind RE-
FIT of 140 EUR/MWh (181 USD/
MWh) announced in February 2008.
The government reassessed its support 
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Figure 2. Installed wind farms (yellow points), capacity by county (green shading) and 
pipeline projects to 2020 (squares)

for offshore wind in light of its high cost 
and Ireland’s underexploited onshore 
wind resource. In the short to medium 
term, offshore wind may therefore be 
primarily viewed as an energy export 
opportunity. 

Other support measures include the 
Employment and Investment Incentive 
Scheme which allows individual inves-
tors to obtain income tax relief on in-
vestments in wind energy in each tax 
year. It provides a minimum tax relief of 
30% with an additional 11% accruing at 
the end of the third and final year if the 
business has expanded to employ a des-
ignated number of people (or if the in-
vestment was used for R&D). A number 
of financial services companies offered 
EII Funds or portfolios to investors.

An Accelerated Capital Allow-
ance scheme allows companies to offset 
the cost of the investment in qualifying 
wind turbines against their tax liabilities 

in year one rather than over a period of 
years, thus aiding their cash flow.

2.4 Issues affecting growth
Although 2011 represented a strong year 
for new wind farm connections, well-
established factors continue to be chal-
lenges in Ireland. It can take years for 
major issues to become visible in the 
connection rates. Ongoing technical and 
non-technical challenges include:

•	Grid	Development:	lead	times	for	
grid connection and wider/deep 
reinforcements; connection costs; 
and way leaves for new lines.
•	Planning	 Constraints:	 local	 Au-
thorities are required to designate 
areas suitable for wind energy de-
velopment however a consistent 
methodology for deriving such ar-
eas is yet to be devised (see section 
4.0); dispersed settlement patterns 
mean potential wind farm sites 

not interacting with an inhabited 
dwelling are scarce; and implemen-
tation of the EU Habitats Directive 
may affect >50% of the next round 
of projects on, or adjacent to, EU 
Natural sites. 
•	Access	 to	 finance	at	an	affordable	
rate. Projects which are currently in 
receipt of connection offers made 
their application before 2007.
•	Access	 to	 the	 REFIT	 support	
mechanism. Projects have not been 
able to access a support mechanism 
since 2009. REFIT 2 is expected to 
be made available in 2012.

In the period to 2020, increasing 
numbers of wind farms will exit 15-year 
support mechanism and reach the end 
of their permitting and design life. Poli-
cies addressing the planning, grid access, 
and support mechanism nuances that 
will materialize with the potential re-
powering of projects will be required. 

3.0 Implementation 
3.1 Economic impact
The design, development, construction, 
equipping, and connection of wind farm 
facilities in Ireland is estimated to have 
been worth 250-300 million EUR/yr 
(323-388 million USD/yr) over the past 
three years, based on the capacity con-
nected and scheduled to connect in the 
short term. Up to 80% of the outlay is 
spent on imported equipment, includ-
ing the turbine and associated electrical 
equipment. The value to the local and 
national economy could therefore be 
estimated to be worth approximately 50 
to 60 million EUR/yr (65 to 80 million 
USD/yr). The value of civil and con-
struction works to local economies is 
approximately 30 million EUR/yr (39 
million USD/yr). 

SEAI published three technology 
road maps in December 2011(Wind En-
ergy, Smart-Grids, and Electric Vehicles), 
which added to previous road maps for 
Ocean Energy, Energy Efficiency, and 
Bioenergy) (13). The roadmaps are de-
veloped to inform energy policy in 
Ireland and demonstrate the potential 
to positively exploit Ireland’s extensive 
indigenous renewable energy resources, 
create employment, reduce national 
CO

2
 emissions, and reduce dependence 

on costly imported fossil fuels.
Reflecting Ireland’s abundant wind 

resource and relatively small market for 

Ireland
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electricity, potential benefits by 2050 
include Irish wind energy contributing 
2.5% to EU electricity demand and off-
setting up to 10 billion EUR (13 billion 
USD) of fossil fuel requirement. Further 
findings include:

•	Potential	 for	 more	 than	 40,000	
MW by 2050 (Figure 3)
•	Potential	 to	 generate	 enough	
wind sourced electricity to exceed 
domestic demand by 2030
•	Potential	for	onshore	and	offshore	
wind to create 20,000 direct jobs 
by 2040
•	Potential	economic	value	of	elec-
tricity generated by wind could 
reach almost 15 billion EUR (19 
billion USD) by 2050
•	Potential	for	Ireland’s	wind	power	
to contribute 2.5% of EU electric-
ity demand and just over 5% of EU 
wind energy generation by 2050,

As the onshore and offshore wind 
markets mature, repowering and O&M 
will become key to the retention of 
a sustainable industry. Preparation for 
this eventuality will increase Ireland’s 
opportunity.

3.2 Industry status
Development of wind farms in Ireland 
has historically been undertaken by a 
wide range of individuals and organiza-
tions. The recent trend is towards con-
solidation and an increasing proportion 
of the new projects are developed by 
large utilities, mostly state owned. Fac-
tors such as economies of scale and ac-
cess to finance are thought to be driving 
this trend. Approximately 1,500 people 
are directly employed by wind energy 

companies and supporting services in 
Ireland. The future O&M needs of the 
sector will be the key driver of an in-
crease in local employment as generator 
stock increases and the build rate reaches 
its long term potential. 

Micro-scale wind energy does not 
benefit from the elevated premium tar-
iffs which have been employed in other 
jurisdictions. Micro-scale wind turbines 
do benefit from conditional planning 
exemptions and tax incentives for some 
owners. Since the December 2011 bud-
get, small farmers can reclaim VAT on 
turbines (up to approximately 6 kW in 
size). Companies registered for corpora-
tion tax can benefit from an accelerated 
capital allowance on the cost of Triple E 
registered products including wind tur-
bines and solar PV panels (www.seai.
ie/aca).

By November 2011 there were 428 
sites and 2.23 MW of micro-wind con-
nected to the grid in Ireland. The aver-
age micro-turbine installed was 5.2 kW. 
A number of local manufacturers now 
have a range of turbines in production 
from 2.5 kW to 50 kW. C&F Green 
Energy is a local manufacturer with 
products undergoing certification with 
the UK Micro-generation Certification 
Scheme. Proven Energy, a Scottish man-
ufacturer, was recently purchased by the 
Irish Kingspan Group. 

3.3 Operational details
A return of a more productive wind cli-
mate was seen in 2011 and the capacity 
factor of Ireland’s wind portfolio rose 
to 31.58% (Figure 4). Climatic factors 
(including prolonged periods of high 

pressure during the winter months) had 
caused 2010 to be a poor wind year 
across northwestern Europe and annual 
capacity factors were depressed across 
the region.

Figure 5 shows the instantaneous 
penetration levels of wind in the Irish 
electricity system throughout 2011. The 
system operator currently has a 50% rule 
of thumb limit for wind penetration. 
Wind energy is regularly reaching 40% 
penetration levels. 

Analysis of wind farm planning ap-
plications shows that the average con-
senting period for local authority appli-
cations over the last ten years has been 
0.57 years. The average lead time for a 
decision by the appeals board (An Bord 
Pleanála) is 0.58 years. For the 70 cases 
appealed between 2007 and 2011, the 
local authority and the appeals board 
agreed on decisions in 67% of cases. 
The most common reason for a refusal 
by An Bord Pleanála, by a large margin, 
was visual impact. Second was distance 
from adjacent premises and third was the 
designation of the land with respect to 
the county development plan (or wind 
energy strategy). 

3.4 Wind energy costs
Current total capital costs are in the 
range of 1.6 to 2 million EUR/MW (2 
to 2.6 million USD/MW) of installed 
for wind developments in the 10 MW 
range. Turbine costs currently range be-
tween 0.9 and 1.0 million EUR/MW 
(1.1 to 1.3 million USD/MW), depend-
ing on turbine size and the project. In 
Ireland, typical project costs can be ap-
portioned as follows: turbines 65%, grid 

Figure 3. Projected Wind Roadmap to 2050. Source: SEAI



114 2011   Annual Report

connection 12%, onsite electrical 8%, 
civil engineering 8%, development 4%, 
and legal/financial 3%.

In February, a study on the whole-
sale Irish electricity market established 
that the growing levels of wind genera-
tion are not adding to the cost of elec-
tricity to consumers (14). The report by 
SEAI’s modeling group and transmis-
sion grid operator EirGrid drew on de-
tailed system and market modeling tools 
to assess the expected wholesale prices 
of electricity during 2011. The study 
demonstrated that the cost of support-
ing wind power via the PSO is offset by 
wind depressing wholesale market pric-
es and thus comes at a zero net cost to 
electricity consumers. 

4.0 R, D&D Activities
4.1 National R, D&D efforts
Much of the R&D undertaken in Ire-
land in recent years has been more 
focused on the integration of large 
amounts of wind energy to an isolated 
grid. An SEAI report published in 2011 
showed that, even though wind energy 
is Ireland’s key renewable resource for 
the foreseeable future and primary en-
abler of RES-E target achievement, only 
1% (2 million EUR; 2.6 million USD) 
of funding of all energy research be-
tween 2004 and 2010 was allocated to 
wind energy.

More substantial funding (15.8 mil-
lion EUR; 20.5 million USD) was, how-
ever, applied to issues of grid integra-
tion, which is an indicator of the chal-
lenges identified for high penetrations of 

variable resources on a relatively isolated 
grid. The Electricity Research Centre in 
University College Dublin (15) has built 
an international reputation as a lead-
ing center of excellence in the study of 
power systems and wind power integra-
tion. It has contributed to establishing 
Task 25 as a leading research forum in 
this field.

Building on the Facilitation of Re-
newables (FoR) program which itself 
built on the All-Island Grid Study, the 
transmission system operators within 
the Single Electricity Market launched 
their program for Delivering a Secure 
Sustainable Power System (DS3). FoR 
concluded that high instantaneous wind 
power penetrations (60-80%) could 
be accommodated on the system if the 
correct measures are implemented. DS3 
aims to deliver the tools that will make 
such penetration levels sustainable. Such 
measures include changes to system 
policies (including operating reserves, 
and DSM), further implementation of 
system tools (e.g., near real-time wind 
assessment: WSAT) and developing sys-
tem performance (e.g., RoCoF, reactive 
power, inertia) (16).

The major R, D&D activity for 
small-scale wind, SEAI’s field trials, con-
tinued during 2011. The program assesses 
the performance of the technologies to 
inform future decisions on possible finan-
cial and non-monetary incentives, tariffs, 
quality assurance schemes, or deployment 
programs. The data, which is collected at 
each installation will be made available to 
researchers during 2012.

Local planning authorities are re-
quired to designate areas suitable for 
wind farm development, Local Author-
ity Renewable Energy Strategies (LAR-
ES), but there is no defined methodol-
ogy for this. SEAI commissioned a proj-
ect, which seeks to deliver, in close co-
operation with planners and stakeholder 
representatives, a template for local 
authority renewable energy strategies. 
An important part of this will be the 
strategy for wind. The ultimate aim is to 
develop consistency nationally across all 
the local authorities. The methodology 
will be published in 2012.

4.1 Collaborative research 
Ireland hosted the 68th IEA Wind Ex-
Co meeting in Dublin in October 2011. 
The biannual ExCo meetings bring to-
gether government appointed represen-
tatives from the 21 member countries. 
This special opportunity to highlight the 
benefits of IEA Wind participation lo-
cally was accompanied by an exchange 
of knowledge during a local industry 
encounter and technical tour. 

Ireland is participating in IEA Wind 
Task 25 on the integration of large 
amounts of wind on power systems. The 
country also participates in Task 27 on 
small wind turbine labeling and Task 28 
on the social acceptance of wind energy 
projects. Details of each task are pro-
vided in a separate chapter of this IEA 
Wind 2011 Annual Report. As a small 
country, Ireland has benefited greatly 
from participation in IEA Wind and 
other IEA implementing agreements. 
Ireland has also contributed to the ben-
efit of these partners. 

As part of Ireland’s participation in 
Task 28 Jean Welstead of SQW Ltd. 
and Geraint Ellis of Queen’s University 
Belfast were commissioned to prepare 
a report on the ‘Options for Enhancing 
Community Acceptance of Wind En-
ergy in Ireland’ (17). The report had the 
specific aims to:

•	Engage	 stakeholders	 to	 work	 to-
wards a consensus position on the 
concept of community acceptance 
of wind energy in an Irish context 
and increase their appreciation of its 

Figure 4. Average national wind generation capacity factor. Data source: 
EirGrid

Ireland
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role in delivering renewable energy 
targets;
•	Stimulate	 discussion	 of	 the	 key	
factors influencing community ac-
ceptance of wind energy;
•	Highlight	 issues	 that	 should	 be	
considered by stakeholders in order 
to further increase community ac-
ceptance; and
•	Identify	 initiatives	 and	 next	 steps	
to progress this issue with a broad 
range of stakeholders. 

It is anticipated that the report will 
form the framework for ongoing discus-
sions amongst all stakeholders in wind 
energy.

Ireland is also participating in the 
GP Wind project. This European Com-
mission Intelligent Energy Europe fund-
ed, co-operation shares case studies to 
create a tool-kit for community and en-
vironmental good practices in onshore 
and offshore wind development (18). 
The online toolkit will be published in 
summer 2012.

Ireland is participating in two ma-
rine grid studies. The North Seas Coun-
tries’ Offshore Grid Initiative involves 
10 countries and seeks to address the 
variability of onshore wind and marine 
renewables through geographical disper-
sion and generator mix. Three working 
groups have been established to study 
grid, market, and planning issues.

The second collaboration was with 
Scotland and Northern Ireland on the 
Irish-Scottish Links on Energy Study 
(ISLES). ISLES advocated an incremen-
tal, radial network that will link up a 
number of offshore locations and trans-
port their electricity through one or 
more shared resources. The study con-
cluded that an “ISLES cross-jurisdic-
tional offshore integrated network is ec-
onomically viable and competitive un-
der certain regulatory frameworks and 
can potentially deliver a range of wider 
environmental, economic and market-
related benefits” (19).
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Table 1 Key Statistics 2011: Italy
Total installed wind generation  6,878 MW 

New wind generation installed 1,080 MW*

Total electrical output from wind 10.14 TWh

Wind generation as % of national electric 
demand

3%

Average capacity factor 18%

Wind goals from Italy’s National Action 
Plan (PAN) for RES 30 June 2010:

12,680 MW and 20 TWh/yr by 2020

Italy’s overall RES target from Directive 
2009/28/EC 

17% of total energy consumption from 
RES by 2020

Bold Italic indicates an estimate
*10 MW subtracted from new installed capacity (1,090 MW) to account for 
decommissioning of old installations

23  Italy

1.0 Overview
nstallation of new wind farms in It-
aly continued its pace in 2011. Total 
online grid-connected wind capac-

ity reached 6,878 MW at the end of 
the year, with an increase of 1,080 MW 
from 2010. As usual, the largest develop-
ment took place in the southern regions, 
particularly in Apulia, Calabria, Cam-
pania, Sardinia, and Sicily. In 2011, 590 
new wind turbines were deployed in It-
aly and their average capacity was 1,831 
kW. The total number of online wind 

I

Photo: Leitwind

turbines thus became 5,446, with an 
overall average capacity of 1,263 kW. All 
plants are based on land, mostly on hill 
or mountain sites. The 2011 production 
from wind farms could provisionally be 
put at about 10.1 TWh, which would be 
about 3% of total electricity demand of 
the Italian system. 

The main scheme for support-
ing RES in Italy is based on a RES 
quota obligation and Tradable Green 
Certificates (TGCs). The sale of en-
ergy production yielded owners of 

non-programmable RES plants, such as 
wind farms, an average price of 74.72 
EUR/MWh (96.69 USD/MWh) in 
2011. The additional income from the 
sale of TGCs on the free market was 
on average 82.25 EUR/MWh (106.43 
USD/MWh). Owners of wind plants 
between 1 kW and 200 kW can opt for 
other schemes: either a fixed FIT of 300 
EUR/MWh (388.20 USD/MWh) or 
exchange (net-metering) contracts. 

The main issues affecting growth 
came from permitting procedures and 
from wind production curtailments 
ordered by the TSO. A decree giving 
nation-wide permitting guidelines has 
been in force since 2010 and notewor-
thy efforts have been made by the Italian 
TSO Terna to upgrade the grid. In the 
meantime, the Italian Regulatory Au-
thority for Electricity and Gas (AEEG) 
has provided for curtailed production 
to be estimated and wind farm owners 
indemnified. Uncertainties among inves-
tors have arisen because restructuring of 
RES support schemes was outlined in 
2011, but not yet fully defined.

Most new turbines were supplied by 
foreign manufacturers (Vestas has an es-
tablishment in Italy). The Italian manu-
facturers are currently Leitwind (open-
ing photo) (1-MW to 3-MW turbines) 
and other firms that supply small-sized 
units. The market for small wind systems 
is still at the beginning.

No national R, D&D program ex-
ists for wind energy, but work is carried 
out by ENEA (the second national re-
search institution in Italy), RSE (for-
merly ERSE) under contract to the 
Italian government in the interest of It-
aly’s electricity system, some universities, 
polytechnic schools, and companies.

2.0 National 
Objectives and Progress
2.1 National targets
The Italian government has established 
new targets for wind energy in response 
to the new RES policy launched by the 
European Union, which now aims at 
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20% of total EU energy consumption 
coming from RES by 2020. To imple-
ment this EU policy, European Directive 
2009/28/EC on RES promotion issued 
on 23 April 2009 has assigned Italy a 
binding national target equaling 17% of 
overall annual energy consumption from 
RES. It also required the government 
to lay down an RES action plan shar-
ing this target within the various sectors, 
among which the electricity sector is 
obviously expected to play a major part.

On 30 June 2010, the Italian gov-
ernment issued Italy’s National Action 
Plan (PAN) for Renewable Energy. 
PAN directed that 26.39% of total elec-
tricity consumption should come from 
RES by 2020, as a contribution towards 
the overall target of 17%. According to 
the PAN, this will mean about 43.8 GW 
of RES online capacity and 98.9 TWh/
yr production from RES should be 
reached in 2020, compared to 41.4 GW 
and 84.2 TWh/yr recorded at the end 
of 2011. This unexpected result is due 
to the striking increase of PV energy 
contribution: 267% in installed capacity 
and 394% in energy production in 2011 
alone. Considering that hydropower and 
geothermal plants are unlikely to grow 
significantly, expectations have been laid 
mainly on wind, biomass, and solar en-
ergy. As for wind, the 2020 targets have 
been set at a capacity of 12,680 MW 
(12,000 MW on land and 680 MW off-
shore) and a production of 20 TWh/
yr (18 TWh/yr on land and 2 TWh/yr 
offshore). These targets are also nearly 
in line with the 2020 wind potential 

already outlined in Italy’s Energy Posi-
tion Paper of 2007.

2.2 Progress
More new wind farms were installed 
in 2011 (Figure 1) than in 2010 (1,090 
MW vs. 950 MW). The total online 
grid-connected wind capacity reached 
6,878 MW at the end of 2011, an in-
crease of 1,080 MW over 2010.  A de-
crease of 10 MW should be taken into 
account, due to decommissioning of old 
installations. The growth rate in 2011 
was 19% compared to 20% in 2010. 
As usual, the largest development took 
place in southern regions, particularly 
in Apulia, Calabria, Campania, Sardin-
ia, and Sicily. The five regions with the 
highest wind capacities can therefore be 
ranked as follows: Sicily (1,676 MW), 
Apulia (1,365 MW), Campania (1,062 
MW), Sardinia (947 MW), and Calabria 
(772 MW). In Figure 2 wind capacity 
shares for the Italian regions are shown.

Provisional figures from Terna and 
Manager of Energy Services (GSE) in-
dicate a 2011 production of about 24 
TWh from wind, photovoltaic, and 
geothermal plants combined. The pro-
duction from wind farms alone could 
provisionally be put at about 10.1 TWh, 
which would equal about 3% of total 
electricity demand on the Italian sys-
tem (total consumption plus grid losses). 
Total electricity demand in 2011 (332.3 
TWh) showed a slight increase (0.6%) 
from 2010. According to Terna’s pro-
visional data, 86% of the 2011 demand 
was met by domestic production and 

14% by imports. Gross domestic pro-
duction by renewable energy sources 
represents about 24% of the gross do-
mestic consumption.

2.3 National incentive programs
The main RES support scheme contin-
ued being based on a RES quota obli-
gation and TGCs, with the exception 
of solar plants, promoted by specific 
measures. In 2011, the RES quota rose 
to 6.05% of the electricity from non-re-
newable sources produced or imported 
the previous year and liable to obligation 
according to the law. Obliged operators 
must return to GSE an equivalent num-
ber of TGCs, either assigned to their 
own RES plants or bought from other 
RES producers. TGCs are granted for 
15 years to plants put online from 2008 
onwards and for 12 years to older plants. 
One TGC is given per 1 MWh of ref-
erence production, resulting from actual 
output multiplied by a coefficient de-
pending on technology (e.g., 1 for on-
shore wind, 1.5 for offshore wind).

The number of TGCs on sale ex-
ceeded demand in 2011, continuing a 
trend already noted in previous years 
and causing the TGC market price to 
go down. The weighted average of TGC 
prices in the 2011 trading was 82.25 
EUR/MWh (106.43 USD/MWh), ac-
cording to the Manager of Energy Mar-
ket. The scheme manager GSE could sell 
its own TGCs, but only at a price fixed by 
law (105.28 EUR/MWh; 136.23 USD/
MWh in 2011). However, TGCs are valid 
for three years and, if unsold, are bought 

Figure 1. Trend of annual and cumulative wind turbine capacity and electricity production from wind in Italy
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Figure 2. Wind capacities in the regions 
of Italy at the end of 2011

back by GSE at the average market price 
of the previous three years. RES produc-
ers are thus actually guaranteed an income 
from their TGCs in any case. 

The TGC selling price adds to 
that of energy fed into the grid. Own-
ers of non-programmable RES plants 
like wind farms can choose to sell their 
whole production straight to GSE 
through dedicated purchase contracts, 
at prices depending on time and mar-
ket zone, instead of going straight to the 
wholesale electricity market. This option 
is by far the most common and the rel-
evant 2011 average price was calculated 
at 74.72 EUR/MWh (96.69 USD/
MWh) by the AEEG. It should also be 
noted that smaller RES plants up to 1 
MW capacity are guaranteed minimum 
prices: in 2011, from 103.4 EUR/MWh 
(133.80 USD/MWh) down to 76.2 
EUR/MWh (98.60 USD/MWh) de-
pending on output levels.

Smaller RES plants can apply for 
other incentives. Specifically, wind 
plants between 1 kW and 200 kW are 
entitled to a fixed comprehensive FIT 
for the energy fed into the grid dur-
ing the first 15 years. This tariff is cur-
rently 300 EUR/MWh (388.20 USD/
MWh). A third option for owners of 
RES plants between 1 kW and 200 kW 
is a contract for on-the-spot exchange 
of produced and consumed energy (net 
metering). Here the income equals the 
avoided purchase price, very variable, 
but typically around 200 EUR/MWh 
(258.80 USD/MWh). In addition, 
TGCs can be applied for.

Other kinds of incentives could be 
obtained by RES projects from various 
authorities in the form of capital cost 
subsidies or other benefits. If so, howev-
er, the possibility to be granted also one 
of the three support schemes described 
above would be limited by law. 

Lastly, it should be recalled that, in 
2011, a number of RES plants (includ-
ing some wind farms) still benefited 
from FITs granted by the former CIP 
6/92 scheme, long expired but actually 
having some effect until 2013. For wind, 
the preliminary CIP 6/92 tariffs were 
set at 163.4 EUR/MWh (211.44 USD/
MWh) in 2011. 

This was the situation in 2011. 
However, it is due to change because, 
the Italian government issued Legislative 
Decree No. 28 of 3 March 2011 to im-
plement EU Directive 2009/28/EC on 
RES promotion. This decree outlined a 
new incentive scheme concerning RES 
plants that start operations from 1 Janu-
ary 2013 onwards. Special energy pur-
chase prices depending on technology 
and plant size should be fixed for RES 
plants below a capacity threshold to be 
defined for the various sources (howev-
er not lower than 5 MW). RES plants 
above this threshold should instead be 
assigned special energy purchase prices 
by auction (lower bids would gain con-
tracts). All these prices should be granted 
over the average conventional lifetime 
established for each type of plant. The 
present quota/TGC scheme should 
expire gradually by 2015 and entitled 
plants should, from then onwards, be 
supported by transient measures. 

The above decree provided for fur-
ther implementing decrees to carry its 
principles by giving all necessary de-
tails, including values of energy purchase 
prices etc. At the end of 2011, however, 
these implementing decrees were still 
pending, thus raising much concern 
among RES investors about future 
profitability of both ongoing plants and 
projects in the pipeline.

2.4 Issues affecting growth
As in past years, a major issue affecting 
the growth of RES plants was linked 
with delays and uncertainties of proce-
dures for getting building permits. The 
function of evaluating RES projects and 

granting permits through a single pro-
cedure within a prescribed time span 
was vested by the state in the govern-
ments of the regions through Legisla-
tive Decree No. 387 of 29 December 
2003. Nevertheless, since no nation-
wide guidelines were issued for some 
years, the regions set out differing rules 
and even unnecessary restrictions, which 
caused developers confusion and unex-
pected setbacks. 

The decree issued by the Ministry of 
Economic Development on 10 Septem-
ber 2010 provided National Guidelines 
for Authorization of Plants fed by Re-
newable Sources. Only offshore instal-
lations were left out, because they come 
under the sphere of the Ministry of Infra-
structure and Transports. Later on, Legisla-
tive Decree No. 28 of 3 March 2011 also 
dealt with permitting matters, confirming 
and sometimes supplementing the provi-
sions of the former decree.

The guidelines set a common 
framework within which each region 
has to reshape its own regulations. It is 
however likely to take time for regions 
and other authorities to fulfill this pro-
cess. In 2011, wind developers still com-
plained of permitting procedures as ma-
jor hindrances to their business. On the 
other hand, the mistrustful attitude of 
some local people and environmentalists 
also contributed to the problem.

Regions are also required to har-
monize their needs to safeguard the en-
vironment with the obligation to meet 
their regional RES targets. This will en-
sue from sharing the burdens taken on 
by the government with the EU (a de-
cree assigning RES consumption targets 
to each region was under discussion, but 
not yet issued, in 2011). The guidelines 
devote special care to wind farms, ad-
vising on how to mitigate all kinds of 
impact. Projects of wind plants above 1 
MW capacity may be liable to VIA (En-
vironmental Impact Assessment - EIA). 
On the contrary, wind plants below 60 
kW are allowed a simplified procedure 
(PAS) to be filed with the municipality 
involved (if no environmental restric-
tion applies, this limit may be raised to 
1 MW by the region). Very small wind 
turbines on top of buildings are allowed 
an even simpler procedure.

Italy
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Another issue came up in 2011 as 
a consequence of the restructuring of 
RES support schemes outlined by Leg-
islative Decree No. 28 of 3 March 2011, 
but not yet fully defined in detail, as said 
above. In the persisting absence of im-
plementing decrees quantifying incen-
tives from 2013 onwards and providing 
other needed information, many wind 
farm projects were held up with poten-
tially severe consequences on the devel-
opment of the wind sector in the next 
few years. 

As for connection of wind farms to 
the grid, technical and economic condi-
tions have been set by the AEEG in De-
liberations ARG/elt 125/10 and 99/08. 
Both provisions grant RES plants some 
better terms, with a view to speeding up 
connection and alleviating costs. Despite 
that, also in 2011 wind developers com-
plained of delays in grid connection as 
well, especially in the permitting of new 
electrical lines by local Authorities.

Italy’s 2010 PAN for renewable 
energy has bound Terna to plan the 
upgrading of the grid needed to guar-
antee full access of RES electricity. Ap-
plications for connecting RES plants 
totaling 130 GW had been submitted to 
Terna by the end of 2010. A large part 
(nearly 97 GW) concerned wind plants, 
to be located in the South of Italy, Sicily 
and Sardinia, the most suitable areas for 
windiness, terrain, and space availability. 
Even though only a small share of this 
huge capacity is likely to be deployed, 
this is a challenge for the TSO. Its 2011 
Grid Development Plan identified inter-
ventions for building new lines and sub-
stations on both the 380-220 kV main 
transmission grid and the 150 to 132-
kV grids where most wind farms have 
so far been connected. 

For several years, Terna has been 
making efforts to connect wind farms 
also by building dedicated 380/150 kV 
substations (“power collectors”) through 
which 150-kV lines coming from more 
developed windy areas can feed power 
straight into the 380-kV system. Some 
major links recently built for general 
purposes, including links from Sardinia 
and Sicily to mainland Italy, can also 
help carry wind power from production 
to consumption areas.

Despite these efforts, Terna was 
sometimes compelled to ask wind 
farms to stop or reduce output, because 
of overloads or planned work in grid 
zones (especially in the south and Sar-
dinia) that were not yet fully adequate. 
In 2009, curtailments totaling 700 GWh 
(10.7% of production) were claimed 
by wind farm owners. By Deliberation 
ARG/elt 5/10 of 25 January 2010, the 
AEEG entrusted GSE, as an indepen-
dent body, with the task of calculating 
curtailed energy. Wind data was used 
from a network of reference measuring 
masts, in order to have producers fairly 
indemnified. In 2010, GSE recognized a 
total loss of 470 GWh (5.6% of produc-
tion). No data is yet available for 2011, 
but a downward trend has been fore-
seen thanks to ongoing upgrading of the 
grid. Improved methods have also been 
reducing errors in forecasting wind, thus 
helping handle larger wind penetrations. 
Temporary penetrations up to 62% of 
hourly average power (Sicily, November 
2010) have been reported.

3.0 Implementation
3.1 Economic impact
The 590 medium and large sized wind 
turbines installed in 2011 (totaling 1,090 
MW) and the relevant civil and electri-
cal engineering work made up an esti-
mated turnover of around 1.8 billion 
EUR (2.3 billion USD), nearly as much 
as the previous year. Even though only a 
part of these turbines were made in Italy, 
the impact on employment was remark-
able, especially in southern Italy where 
employment opportunities are poorer. 
Many Italian firms also supplied com-
ponents to wind turbine manufacturers 
based in Italy and abroad.

As to employment, mention should, 
once again, be made of the study per-
formed by the National Wind Energy 
Association (ANEV), in co-operation 
with the Trade Union UIL, in 2008 and 
2010. Some figures from this study were 
further updated in mid-2011, reporting 
about 8,700 people directly working on 
wind energy, which would become over 
30,000 if also those indirectly involved 
in the sector were taken into account. 
The same study estimated that, if the 
wind potential of 16,200 MW estimated 
by ANEV were to be exploited in Italy, 

some 19,500 people would be employed 
directly in the wind sector by 2020, and 
this figure would rise to 67,000 includ-
ing those indirectly involved. These ex-
pectations also explain today’s concerns 
that the current uncertainties about fu-
ture RES incentives (see above) may 
jeopardize employment prospects espe-
cially in less developed regions.

3.2 Industry status
As in previous years, most of the new 
wind turbines installed in Italy were 
supplied by foreign manufacturers. 
The overall market shares of wind tur-
bine manufacturers in Italy at the end 
of 2011 are shown in Figure 3 as per-
centages of total online capacity. Of 
the wind turbines erected in 2011, 265 
MW were Gamesa (Spain) and 263 
MW were Vestas (Denmark). REpower 
(Germany) supplied 183 MW, Enercon 
(Germany) 164 MW, Nordex (Germa-
ny) 98 MW, GE Wind (U.S.) 53 MW, 
Siemens (Germany) 41 MW, Leitwind 
(Italy) 10 MW, and PowerWind56 (Ger-
many) 5 MW.

Vestas has been operating in the 
Italian market since 1998 through Vestas 
Italia, the sales unit in Vestas Mediter-
ranean that handles all sales, operations, 
and maintenance activities in Italy. The 
Italian sales unit is also responsible for 
the business development in the Bal-
kans, Egypt, Jordan, Libya, and Switzer-
land. Vestas Italia’s headquarters and main 
sales office are in Rome. The company 
also has an operations office in Taranto, 
and it has a customer service center in 
San Giorgio, which monitors and assists 
more than 1,100 turbines corresponding 
to a total capacity of more than 1,600 
MW. Vestas also has two production fa-
cilities for blades and nacelles for the 
V90 turbines in Taranto.

Leitwind (belonging to the Leitner 
group) is based at Vipiteno in South Ty-
rol and is the only Italian manufacturer 
of large wind turbines. Leitwind head-
quarters are in Vipiteno, where R&D, 
product care, project management, and 
service divisions are located. Manufac-
turing is shared between two factories. 
The Telfs factory in Austria produces 
the “towerhead” (that includes genera-
tor, main frame, and hub). The recent 
expansion of the Telfs factory’s office 
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building, has set up the necessary infra-
structure to produce the 3-MW gen-
erators. The company’s test center is also 
located in this factory, where the various 
operational features of the turbines can 
be simulated to perform further optimi-
zation activities. 

The Leitwind Chennai factory in 
India produces for the Asian market. It 
is part of Leitner Shriram Manufactur-
ing Limited, a joint venture between 
Leitwind and the Indian company Shri-
ram EPC. Leitwind’s market is extended 
to Asia, Europe, and America. The Leitner 
products include the LTW77 (1.0 to 1.5 
MW, 77 m) and LTW80 (1.5 to 1.8 MW, 
80 m). Recently the new LTW70 2.0 
MW (70-m rotor diameter), for extreme 
wind and environmental conditions, 
LTW86 (1.5 MW, 86-m rotor diameter), 
for moderate winds, and LTW101 (3 
MW, 101-m rotor diameter) turbines have 
been added to the product line. All mod-
els feature a three-bladed, variable-speed 
rotor, no gearbox, and permanent-magnet 
synchronous generator. 

The Moncada Energy Group based 
in Aragona near Agrigento (Sicily) has 
invested substantial resources as a wind 
farm developer. Moncada has set up 
wind farms in Sicily through subsid-
iary companies, and it has several other 
plants awaiting authorization. The com-
pany has a project to build a 500-MW 
wind farm in Albania, in Valona’s region. 
Other projects of wind farms in Bulgar-
ia, Mozambique, Romania, Tunisia, and 
the U.S. are being considered. Thanks to 
the new wind farms recently installed 

Figure 3. Market shares of wind turbine manufacturers in Italy at the end of 2011 (as 
percentage of total online capacity)

in Sicily (Cammarata, Castronovo di Si-
cilia, Vallelunga Pratameno) having a to-
tal capacity of 84 MW, the cumulative 
installed wind capacity of the Moncada 
Group in Italy has reached 240 MW.

In 2011, the top 12 electricity pro-
ducers from wind in Italy held more 
than 60% of the market, computed as 
percentage of overall installed capacity. 
The highest capacities are owned by In-
ternational Power and Enel GreenPower. 
International Power is a multi-national 
power producer. Enel GreenPower is a 
subsidiary company of the Enel Group, 
the Italian leader in electricity produc-
tion, started on December 2008 and 
acting in Italy as well as in Europe and 
America. Other substantial capacity 
shares are held by ERG Renew, Edens 
- Edison Energie Speciali, subsidiary of 
the electricity utility Edison, and the 
wind developer FRI-EL. Other signifi-
cant producers include Alerion Clean 
Power, E.ON Italia, Falck Renewables, 
Moncada Energy Group, IVPC group, 
Veronagest, and Sorgenia. 

Regarding small-sized wind plants, 
the number of Italian firms entering this 
market has been growing as a conse-
quence of the special incentives available 
(see above). Manufacturers of machines 
up to 30 kW include En-Eco (vertical-
axis, 3 kW), Deltatronic (horizontal and 
vertical axis, up to 5 kW), Jonica Im-
pianti (horizontal-axis, 30 kW), Layer 
Electronics (horizontal-axis, up to 20 
kW), Ropatec (vertical-axis, up to 20 
kW), Salmini (horizontal-axis units, 
below or just above 1 kW), and Tozzi 

Nord (horizontal- axis 10 kW tur-
bine). Further horizontal-axis machines 
in the range of 50 to 80 kW capacity 
have been developed by ARIA, Eolart, 
Klimeko, Italtech Wind, Jonica Impianti, 
Terom, etc.

3.3 Operational details
In 2011, 590 new wind turbines were 
deployed totaling 1,090 MW, and their 
average capacity (Figure 4) was 1,831 
kW. This confirms that large-sized 
machines are being used in Italy in 
spite of sites where the terrain is of-
ten rough and access difficult. The to-
tal number of online wind turbines is 
5,446, corresponding to 6,878 MW 
and an overall average capacity of 
1,263 kW per unit. All plants are based 
on land, mostly on hill or mountain 
sites. A number of applications for off-
shore projects have been submitted, 
but only one of them has so far gone 
through the phase of environmental 
impact assessment successfully. 

In spite of complex terrain, some of 
the new wind farms are fairly large. The 
largest wind farm built in Italy last year 
was the Buddusò-Alà dei Sardi (Sar-
dinia) plant, by the Falck company. With 
69 Enercon turbines totaling 159 MW, 
this farm is the largest Italian wind farm 
in operation. The average capacity of 
the wind farms completed in 2011 was 
about 17 MW, and the average number 
of turbines in the wind farms was nine. 
Among the largest plants built in 2011 
are those of Gasperina-Vallefiorita-Pal-
ermiti (Calabria - 97 MW), Bonorva 
(Sardinia – 74 MW), and Savignano Ir-
pino (Campania – 66 MW). 

Assuming the production of 10.1 
TWh from wind in 2011 (figure still to 
be confirmed), an overall annual average 
capacity factor of 18% could be estimat-
ed. The actual performance could obvi-
ously have varied markedly from plant 
to plant and from month to month (the 
best seasons in Italy are typically winter 
and spring).

3.4 Wind energy costs
Capital costs of wind farms have gen-
erally been higher in Italy than in oth-
er countries, as most plants are built at 
rather remote hill or mountain sites, 
which increases costs of transporta-
tion, installation, grid connection, and 
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operation. Lengthy and uncertain per-
mitting procedures, not to mention ne-
gotiations for getting financing from 
banks etc., also bring about additional 
costs. 

The overall capital cost of typi-
cal Italian wind farms could be split as 
follows: 10-20% for project develop-
ment (wind surveys, plant design, per-
mitting etc.); 60-70% for wind turbines 
(including erection and commission-
ing); and 20-25% for civil and electrical 
infrastructures (grid-connecting lines, 
SCADA etc.). As stated in the IEA Wind 
2010 Annual Report, the specific capital 
cost of a typical land-based wind farm 
of medium capacity (20 MW) at a site 
of medium complexity could be put at 
about 1,750 EUR/kW (2,265 USD/
kW), within a range from 1,500 EUR/
kW (1,941 USD/kW) to 2,000 EUR/
kW (2,588 USD/kW). Assuming the 
average capital cost, an annual O&M 
cost growing over the plant’s 20-year 
lifetime from 1% to 4% of capital cost, 
and 1,800 hours/yr of equivalent full-
capacity operation, the levelized ener-
gy cost would turn out about 127 and 
138 EUR/MWh (164 and 179 USD/
MWh) with discount rates of 5% and 
7%, respectively.

Small wind plants (up to 200 kW) 
have higher specific capital costs, which 
grow substantially as size decreases, and 
they can tap less wind power because of 
their lower hub height. Considering also 
the uncertainty of wind estimates (wind 
measuring campaigns are too costly for 
small plants), in Italy it would be cau-
tious to assume no more than 1,500 
hours/yr of full-capacity operation. Unit 
energy costs vary over a wide range 
but are however higher than for large 

machines. That is why a special FIT has 
been made available to prime deploy-
ment of the small wind sector. 

4.0 R, D&D Activities
4.1 National R, D&D efforts
Lacking a national R,D&D program 
on wind energy, activities have, for sev-
eral years now, been carried out rather 
independently by a number of enti-
ties, among which are the National 
Research Council (CNR); ENEA, the 
Polytechnics of Milan, Turin, and Bari; 
RSE S.p.A.; some universities (Genoa, 
Naples, Perugia, Trento, Bologna, Flor-
ence, Rome, Padua, Lecce, etc.); indus-
trial companies; and associations such as 
ANEV, the Association of Energy Pro-
ducers from RES (APER), and Offshore 
Wind and other renewable Energies 
in Mediterranean and European Seas 
(OWEMES). A few highlights of these 
activities are given below.

CNR, through institutes ISAC, IS-
MAR, INSEAN, ISSIA, has worked 
on topics relating to wind conditions: 
atmospheric boundary layer research 
on offshore, coastal, and complex ter-
rain; atmospheric and ocean modeling 
from climate to high resolution; wind 
mapping using models and space-borne 
measurements; data assimilation for 
short-term forecast of wind power pro-
duction; and the interaction of offshore 
wind profiles with the ocean. It has dealt 
with aerodynamics including character-
ization and modeling of flow around a 
wind turbine and wakes, environmen-
tal impacts, and noise. It also deals with 
offshore deployment and operations 
including the interaction of offshore 
wind farms with ocean circulation and 

geological risk assessment related to de-
velopment of offshore wind farms.

ENEA has been involved in the 
mapping of offshore wind resources and 
other RES potential. It has carried out 
research on non-destructive inspection 
methods for composite materials, as well 
as design and manufacturing processes 
for use of thermoplastic resins in small 
wind turbines.

The Department of Aerospace En-
gineering of the Polytechnic of Milan 
has been working on aero-servo-elastic 
modeling of wind turbines, modeling of 
blades, optimization of blade design, sta-
bility of wind turbines, individual blade-
pitch control, description of wind field 
over the rotor disc, aero-elastic wind 
tunnel models etc. The Department of 
Energy, too, has also been dealing with 
wind energy topics.

The Department of Electrical Engi-
neering of the Polytechnic of Turin has 
been concerned mainly with issues re-
lating to in-field measurement of pow-
er performance of wind farms in hilly 
terrain.

The DICAT Department of the 
University of Genoa has been working 
on evaluation of wind fields and poten-
tial, as well as on safety and fatigue of 
wind turbines. The Department of Na-
val and Electrical Engineering has been 
concerned with innovative wind tur-
bine control schemes, analysis of wind 
system capabilities for ancillary service 
supply, methods for day-ahead produc-
tion schedule based on short-term wind 
forecasting and storage, distribution 
management systems for voltage profile 
optimization, loss reduction, etc.

The Department of Aerospace En-
gineering of the University of Naples 

Figure 4. Average annual and cumulative unit capacity of wind turbines in Italy
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has, for quite some time, been engaged 
in designing and wind tunnel testing of 
small wind turbines. Sizes go from 1.5 to 
60 kW for horizontal-axis models and 
from 1 to 3 kW for vertical-axis ones, 
also for urban environments. 

The University of Trento has, for 
several years now, focused on the test-
ing of small wind turbines at its own 
test field in mountain environment; also 
drawing on this experience, guidelines 
on the choice and installation of small 
wind turbines have recently been pub-
lished for the benefit of Italian users.

The KiteGen Research and Sequoia 
Automation companies have set up a 
3-MW kite wind generator in southern 
Piedmont for testing. The Polytechnic of 
Turin, too, has an interest in kite wind 
generators.

RSE S.p.A. has been doing research 
on wind energy mainly under its Con-
tract Agreement with the Ministry of 
Economic Development for research 
on the electrical system. Wind energy 
has been allotted a total commitment of 
6.5 million EUR (8.4 million USD) for 
2009-2011. 

In 2011, information for two ad-
ditional themes was added to the Wind 
Atlas of Italy (http://atlanteeolico.rse-
web.it/viewer.htm, now also in English). 
Installed wind capacity in each munici-
pality (commune) has been added and 
“exclusion areas” (areas unsuitable for 
wind farms because of terrain features or 
technical or environmental constraints). 
The latter theme was implemented in a 
study requested by the Ministry of Eco-
nomic Development for sharing among 
regions the burdens ensuing from na-
tional RES production targets. 

Mapping of offshore wind resourc-
es was improved by investigating new 
software tools and measuring wind data 
at a few suitably located masts (also a 
wind measuring buoy was prepared for 
launch in the Channel of Sicily). A sur-
vey of prospects of multi-purpose off-
shore platforms in the Mediterranean 
Sea was made in the EU-funded project 
ORECCA, and a GIS-based project also 
mapped resources (wind and waves), wa-
ter depth, infrastructure, constraints, etc. 
in the same area. 

The state-of-the-art of small wind 
turbines was assessed by monitoring a 

few units at different sites. Control as-
pects of wind turbines and wind farms 
were studied, including behavior of 
floating turbines. Work on environment 
and social aspects resulted in a report on 
the effects of wind power on local de-
velopment, the testing of software tools 
for spatial planning of integrated RES, 
and a Web-GIS system (named Tritone) 
aimed at exploiting offshore energy in 
harmony with Integrated Coastal Zone 
Management (ICZM). 

Another activity concerned limited-
area meteorological models (LAM) for 
wind farm production forecasts. In 2011, 
RSE also started supporting GSE in fine-
tuning methods and tools for estimating 
production curtailments suffered by wind 
farms because of dispatching orders.

4.2 Collaborative research
Italian organizations collaborate main-
ly with IEA Wind and the European 
Commission on wind energy research. 
RSE has long been the Italian partici-
pant in IEA Wind Task 11 Base Tech-
nology Information Exchange. Terna 
has joined Task 25 Power Systems with 
Large Amounts of Wind Power, while 
the Department of Aerospace Engi-
neering of the University of Naples has 
joined Task 27 Development and De-
ployment of Small Wind Turbine Labels 
for Consumers. In 2011, the Universi-
ties of Genoa and Perugia, the INSEAN 
institute, and the wind farm developer 
Sorgenia S.p.A. joined Task 31 Wake-
bench: Benchmarking of Wind Turbine 
Flow Models. 

ENEA is in the Member State Mir-
ror Group (MSMG) of European Wind 
Energy Technology Platform (TPWind), 
set up by the European Commission, 
and various entities (ENEA, Enel, Poly-
technic of Milan, Centro Sviluppo Ma-
teriali S.p.A.) are taking part in the TP-
Wind Working Groups. 

CNR is in the Joint Program on 
Wind Energy of the European Energy 
Research Alliance (EERA) as full par-
ticipant and ENEA is also joining this 
program.

On behalf of the Italian govern-
ment, RSE has become a member of 
the EII Wind Team, which is the com-
mittee in charge of managing the Eu-
ropean Industrial Initiative on Wind 
launched by the European Commission 
in its Strategic Energy Technology Plan 
(SET-Plan).

5.0 The Next Term
Based on financial commitments of in-
vestors to connect wind farms to the 
grid, Terna foresees continuing devel-
opment of installed wind capacity. Ac-
cording to the TSO, total wind capacity 
could reach 9,600 MW by 2013-2014. 
The development of any offshore wind 
farms is still uncertain, at least in the 
next few years. If these expectations 
were fulfilled, however, most of the 2020 
target capacity set by the government’s 
PAN of 30 June 2010 (12,680 MW, of 
which only 680 MW is offshore) should 
come on line already by 2015. In prac-
tice, much will depend on the public’s 
attitude and especially on the forth-
coming development of the incentive 
framework.

The limited potential envisaged by 
the 2010 PAN for offshore installations 
stemmed from the fact that most ex-
ploitable windy areas seem to be locat-
ed where water is too deep for current 
technologies (wind turbines on fixed 
foundations). This problem has been 
confirmed further by recent evaluations 
carried out by RSE through its newly 
developed GIS-based tool, whereby an 
overall offshore potential of about 10.5 
GW could be available within 40 km 
off the country’s coastline, but 80% of it 
would likely require floating wind tur-
bines to be exploited.

Authors: Alberto Arena and 
Giacomo Arsuffi, ENEA, and 
Claudio Casale, RSE, Italy.

Italy
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1.0 Overview
n 2011, the total installed wind ca-
pacity in Japan reached 2,501 MW 
with 1,832 turbines, including 25.2 

MW from 14 offshore wind turbines. 
The annual net increase was 167 MW. 
Total energy produced from wind tur-
bines during 2011 was 4.246 TWh, and 
this corresponds to 0.49% of national 
electric demand (859.663 TWh). 

On 11 March 2011, the devastat-
ing earthquake and associated tsunami 
struck the wide northeastern region of 
Japan that is called Tohoku. One hun-
dred ninety wind turbines with capacity 
of 270 MW were installed in the affect-
ed region, and they were shaken very se-
verely. The shaking level was five or six 
on Japan’s seismic intensity scale, which 
has a maximum level of seven. Almost 
all wind turbines survived the earth-
quake. And, most of them restarted soon 
afterward and contributed to Japan’s 
power supply during the continuing cri-
sis. Wind Power Kamisu semi-offshore 
Wind Farm was struck by a tsunami 
with about 5 m height. The SUBARU 
80/2.0 wind turbines with rated power 
of 2.0 MW survived and resumed op-
eration on 14 March, when the util-
ity grid was activated. (opening photo) 
Only one wind turbine near the Kamisu 
wind farm suffered damage. Due to se-
vere liquefaction the turbine foundation 
shifted and the turbine became tilted. 
This was the only damage to a wind 
turbine caused by the earthquake, and 
it has been fixed in 2011. These results 
suggest that Japan’s earthquake-proof 
wind turbine construction design is very 
reliable.

2.0 National 
Objectives and Progress
2.1 National Targets
The national target for total installed 
wind capacity was 3,000 MW by the 
end of the fiscal year 2010 (31 March 
2011), and this target was not achieved. 
The reason for that can be attributed 
to some recent obstacles for wind farm 
projects in Japan such as strict building 
codes revised in 2007, negative publicity 

I

24  Japan

Photo: Wind Power Ibaraki Co. Ltd.

Table 1. Key Statistics 2011: Japan
Total installed wind capacity 2,501 MW

New wind capacity installed 167 MW

Total electrical output from wind 4.246 TWh

Wind generation as % of national electric demand 0.5%

Average capacity factor 19%

Target: 
(Prospect of wind capacity announced by the government)

Not specifi ed
(5 GW by 2020)

from noise problems, bird strikes, and 
restricted grid connection. Moreover, 
changing the incentive program from 
investment subsidies to FIT has caused 
some confusion in wind power develop-
ment in recent years. New national tar-
gets for the next few decades have not 

been set by the government, although 
the wind industry and other relevant 
stakeholders are requesting them. In 
the government’s long-term forecast of 
demand and supply of energy in Japan, 
the official goal for total installed wind 
capacity is 5 GW for fiscal year 2020 as 
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a maximum. However, the accident at 
Fukushima Daiichi nuclear power plant, 
has aroused public opinion in favor 
of reviewing energy policy. An expert 
committee convened by the Ministry 
of Economy, Trade, and Industry (ME-
TI) started discussions from October 
2011 in order to fundamentally review 
the basic energy plan formulated by the 
government. New energy policy will be 
announced in August 2012.

2.2 Progress
Cumulative wind power capac-
ity reached 2,501 MW (1,832 turbines) 
with 167 MW of annual net increase 
in 2011. There is no new increase in 
offshore wind power capacity (total ca-
pacity of 25.2 MW, 14 offshore wind 
turbines). Figure 1 shows the history 
of wind power development in Japan. 
Wind power generation in 2011 was 
4.246 TWh in 2011 and the contribu-
tion of wind power to the national elec-
tric demand accounted for 0.49%.

2.3 National incentive programs
The current main incentive programs 
are investment subsidies and the Re-
newables Portfolio Standard (RPS). The 
standard subsidy rate is 0.8 multiplied by 
one third of initial investment. The RPS 
target was set as 12.82 TWh for fiscal 
year 2011, which corresponds to about 
1.49 % of national electricity demand in 

fiscal year 2011. This target is for the to-
tal of new and renewable energy sources 
and is not broken down into individual 
renewable energy sources. The main 
contribution toward the RPS target was 
made by wind and biomass. The con-
tribution of wind energy to the target 
has exceeded one third in recent years. 
However, this framework will finish in 
at the end of June 2012.

The government made a cabinet 
decision to introduce a new Feed-in-
Tariff (FIT) system on 11 March  2011, 
and the new Renewable Energy Law 
(Special Measures Law Concerning Pro-
curement by Electric Power Companies 
of Renewable Energy Electricity) was 
approved by the national Diet of Japan 
on 26 August 2011, and promulgated on 
30 August 2011. This law obliges electric 
power companies to purchase electric-
ity generated from renewable energy at 
a fixed price (procurement price) for a 
fixed period (procurement period). It 
will come into force on 1 July 2012. 
The first FIT system that started in No-
vember 2009 was only for PV. However, 
this new FIT system will cover all prac-
tical renewable energy sources such as 
wind (including small wind), small- and 
medium-scale hydropower, geothermal, 
and biomass. The procurement price 
and the procurement period have not 
been decided yet, and these will be dis-
cussed and decided in an independent 

committee convened by METI. The 
procurement price will be reviewed ev-
ery fiscal year in consideration of tech-
nological innovations and decline in 
power generation costs. 

2.4 Issues affecting growth
It is expected that the new FIT system 
beginning from July 2012 will stimulate 
the market. The procurement price and 
the procurement period have not been 
decided yet. METI’s original plan sug-
gested 15-20 JPY/kWh (0.149-0.198 
EUR/MWh; 0.195-0.260 USD/MWh) 
for 15 to 20 years. In the FIT law, the 
higher price should be set for the inves-
tor's profit for the first three years. And 
priority access to the grid is secured for 
renewables, however, the electric com-
panies could potentially refuse the grid 
connection when there are concerns 
about their smooth supply of electricity.

The Ministry of the Environment 
(MOE) conducted the “Study of Po-
tential for the Deployment of Renew-
able Energy. ” The amount of energy re-
sources, deployment potential, and possi-
ble deployment amount under scenarios 
were evaluated for wind along with PV, 
small- and medium-scale hydropower, 
and geothermal. As a result, the deploy-
ment potential that includes both on-
shore and offshore wind was estimated 
to be 1,900 GW. This amount was 
larger than the potential deployment of 

Figure 1. Total installed wind capacity and number of units in Japan

Japan
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small- and medium-scale hydropower, 
tenfold of potential deployment of non-
residential PV and hundredfold of the 
deployment potential of geothermal. 
The possible deployment amount un-
der scenarios for wind was estimated 
to be 24 GW to 410 GW. This value is 
also larger than the values for residential 
PV, small-scale and medium-scale hy-
dropower, and geothermal. METI also 
conducted a study on the wind energy 
resource, potential, and possible deploy-
ment amount. As a result, for onshore 
wind, wind energy resource potential 
and possible deployment amount in 
consideration of profitability, willing-
ness of introduction, and social accep-
tance were estimated to be 1,550 GW, 
291 GW and 38.9 GW, respectively. 
For offshore wind, they were estimated 
to be 368 GW, 335 GW and 6.84 GW, 
respectively. 

The Federation of Electric Power 
Companies of Japan (FEPC), an industry 
organization of major electric utilities in 
Japan, has reviewed the integration limit 
of wind power based on past records and 
results. It announced that a total capacity 
of 5 GW of wind turbines could be con-
nected to its grid without degradation of 
grid stability. Although this reviewed value 
of prospect of total wind capacity is mod-
est compared with the possible deploy-
ment amounts estimated by METI and 
MOE, the attempt itself was welcomed by 
the wind industry.

The government made a cabinet 
decision to amend the “Environmen-
tal Impact Assessment Law” on 11 No-
vember 2011, and development projects 
of wind power generation plants will 
be subjected to this law from 1 Octo-
ber 2012. This law obliges developers of 
wind projects that have capacity of more 
than 10 MW to conduct an environ-
mental impact assessment of the proj-
ect. The assessment and approval process 
may take three to five years, and it is ex-
pected that this may cause deceleration 
of wind power development in Japan in 
the next few years.

3.0 Implementation
3.1 Economic impact
Seventy-five companies with 2,500 
people are manufacturing wind turbines 
and their components in Japan, and their 

annual sales are estimated about 181.8 
billion JPY (1.80 billion EUR; 2.36 bil-
lion USD), according to the research re-
port by Economic Research Institute in 
Japan Society for the Promotion of Ma-
chine Industry. 

3.2 Industry status
Three Japanese wind turbine manufac-
turers produce turbines above 1 MW: 
Mitsubishi Heavy Industries (MHI), The 
Japan Steel Works, and Fuji Heavy In-
dustries & Hitachi (FHI-Hitachi). They 
have a major share of the domestic mar-
ket. They produced 110 MW and rep-
resented 66% of the market in Japan in 
2011. MHI produces 1-MW, 2.4-MW, 
and 2.5-MW wind turbines and an-
nounced plans to develop a 7-MW off-
shore wind turbine with hydro-drive 
train. JSW produces 2-MW, gearless, 
PMSG wind turbines (Figure 2) and 
their 2.7-MW turbine is coming soon. 
FHI-Hitachi produces 2 MW “SUBA-
RU” downwind type wind turbines.

Japanese manufacturers are com-
petitive at large bearings and electric de-
vices in the international market. NSK, 
JTEKT and NTN are producing large 
main bearings for wind turbine manu-
facturers worldwide. They are famous 
for the high reliability developed by the 
Japanese automobile companies. Hitachi, 

TMEIC, Meidensha and Yasukawa Elec-
tric are producing generators for wind 
turbines. Hitachi announced plans to 
invest 4 billion JPY (396,000 EUR; 
520,000 USD) to increase their annual 
production up to 2,400 units by 2013.

3.3 Wind energy costs
Updated values/costs are estimated as 
follows:

•	Total	installed	cost:	300,000	JPY/
kW (2,970 euro/kW; 3,900 USD/
kW),
•	COE:	11.0	JPY/kWh	(0.109	eu-
ro/kWh; 0.143 USD/kWh),
•	Wind	 electricity	 purchase	 price	
7 to 9 JPY/kWh (0.069 to 0.089 
euro/kWh; 0.091 to  0.117 
USD/kWh),
•	O&M	 costs:	 6,000	 JPY/kW/
unit/yr (59.4 euro/kW/unit/yr; 
78.0 USD/kW/unit/yr)
•	Subsidy:	 0.8	 multiplied	 by	 one	
third of initial investment

4.0 R, D&D Activities
4.1 National R, D&D efforts
The national R&D programs by METI 
are as follows:

A. Research and Development of 
Next-Generation Wind Power 
Generation Technology (2008 to 
2012)

Figure 2. Kunimiyama windfarm, with 15 of JSW’s 2-MW turbines. Operation began 
in March 2011. (Source: Eurus Energy Holdings Co.)
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A1. R&D of Basic and Applied 
Technologies
A2. Natural Hazard Protection 
Technologies (Lightning Protection 
measures)
A3. Natural Hazard Protection 
Technologies (Wind Turbine 
Noise Reduction)
B. Research and Development of 
Offshore Wind Power Generation 
Technology (2008 to 2013)

Because the new FIT system that 
goes into effect from July 2012 will be 
applied to small wind turbines, it was 
recognized securing the safety and the 
reliability of small wind turbines is im-
portant. The small wind industry as-
sociation (Japan Small Wind Turbines 
Association, JSWTA) has activities to 
introduce a certification system of small 
wind turbine systems. The goal is to 
expand the small wind market in Japan 
while securing safety and reliability. The 
national project "A1: R&D of Basic 

Figure 3. Field test site for small wind turbines in Rokkasho, Aomori (From left to right, Nasu Denki-Tekko “Aura 1000”, Sinfonia 
Technology “V-II WK18-20”, Nikko “NWG-1K”, Mayekawa “MDS-01A“) (Photo credit: HIKARUWIND.LAB)

and Applied Technologies, Research 
and Development of Next-Generation 
Wind Power Generation Technology," 
has technically supported these domestic 
activities and participation in IEA Wind 
Task 27 Consumer Labeling of Small 
Wind Turbines. In the Japanese national 
project, a field test site for small wind 
turbines was constructed in Rokkasho, 
Aomori, and various types of small wind 
turbines are now being field-tested (Fig-
ure 3). The technical specification of 
safety requirements, reliability, and per-
formance of small wind turbines was 
developed in consideration of domestic 
circumstances and took account of the 
IEC, American Wind Energy Associa-
tion, and British Wind Energy Associa-
tion standards. Based on this technical 
specification, JSWTA established the 
“Small Wind Turbine Performance and 
Safety Standard”, and it was released by 
JSWTA on 4 November 2011. Nip-
pon Kaiji Kyokai (NK), originally a ship 
classification society, began to conduct 

Type certification of small wind turbines 
based on the JSWTA standard from 10 
December 2011.

In another NEDO project "B: 
R&D of Offshore Wind Power Gen-
eration Technology," two offshore wind 
turbines will be installed in fiscal year 
2012. These turbines will demonstrate 
their reliability against Japan’s severe 
external conditions such as typhoons. 
The first, MHI’s 2.4-MW turbine, will 
be installed in the Pacific Ocean 3 km 
offshore of Choshi, 100 km east from 
Tokyo. The second, JSW’s 2-MW tur-
bine will be installed in the Japan Sea 
near Fukuoka city. R&D of very large 
offshore wind turbines has also been 
supported by NEDO. An innovative 
hydro-drive train and 80- m class long 
rotor blade for very large offshore wind 
turbines were developed in this project.

In another MOE project, FHI-Hit-
achi’s 100kW and 2-MW wind turbines 
on the spar type floats will be installed 

Japan
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in the East China Sea near offshore of 
the Goto islands in 2012 and 2013.

Recently, a new demonstration 
project of floating offshore wind farm 
supported by METI was announced. In 
this large-scale demonstration project, 
several offshore wind turbines with vari-
ous types of floats will be installed in the 
Pacific Ocean more than 20 km offshore 
of Fukushima. This project is planed as 
one of the symbols of Fukushima’s re-
vival by renewable energy.

Japan has severe external conditions 
such as high turbulence and extreme 
wind caused by typhoons and highly 
complex terrain. In the national projects 
(e.g., A1 and B), the severe wind condi-
tions were clarified, and a wind turbine 
class for tropical cyclone regions was 
developed. A high turbulence model 
and category for complex terrain re-
gions were developed based on results 
obtained in the national projects. These 
R&D activities and results were shared 
with experts worldwide at the IEA 

Wind Task 11 “Topical Expert Meeting 
on Wind Conditions for Wind Turbine 
Design” that was held in Tokyo, in De-
cember 2010. Moreover, the Japanese 
national committee for IEC TC88 has 
proposed the revision of design require-
ments for wind conditions in tropical 
cyclone regions and in complex terrain 
regions.

5.0 The Next Term
Drastic changes in national incentive 
programs and in the implementation 
of environmental impact assessment are 
scheduled in 2012. These may cause 
confusion in wind energy develop-
ment in Japan for a few years. After the 

Fukushima nuclear accident, a funda-
mental review of the national basic en-
ergy plan is underway. The new basic 
energy plan will be released in 2012 and 
it is expected that the contribution of 
wind energy will be increased. 

Author: Tetsuya Kogaki, National 
Institute of Advanced Industrial Science 
and Technology (AIST), Japan.
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25  Republic of Korea

1.0 Overview 
he cumulative installed wind 
power in The Republic of Ko-
rea was 379 MW in 2010 and 

406 MW in 2011, increasing by 7% over 
the previous year. Most wind turbine 
systems installed in 2011 were supplied 
by local turbine system manufacturers. 
An RPS proposal for new and renew-
able energy was approved by Congress 
and the government prepared to enact 
the program in 2012. The required rate 
of the RPS in 2012 is 2% and will in-
crease to 10% by 2022. A plan for a 2.5-
GW offshore wind farm to be built on 
the west coast over nine years was an-
nounced in 2010. The first stage of that 

T
project, construction of a 100-MW 
wind farm, began in 2011. The 2.5 GW 
of offshore wind farm construction and 
the RPS are expected to stimulate dra-
matic growth of wind energy in Korea. 
Since 2009, the government has con-
centrated on the development of local 
component suppliers to secure the sup-
ply chain.  The government R&D bud-
get continues to include funds to local-
ize component supply and develop core 
technologies for wind power. 

2.0 National 
Objectives and Progress 
The Republic of Korea has focused 
on the wind energy as a clean energy 

resource replacing fossil fuels and as a 
new area of heavy industry to contrib-
ute to the Korean economy. Therefore, 
the Korean government has increased 
the R&D budget continuously to sup-
port wind turbine and component man-
ufacturers to develop their own tech-
nologies and products. Most major ship-
building and heavy industry companies 
have become involved in the renewable 
energy business, especially wind energy. 
In 2011, total installed wind generators 
with output of more than 200 kW was 
406 MW, almost 7% growth over 2010. 

2.1 National targets
The national target is to promote wind 
energy to reach 7.3 GW by 2030 and 
replace 11% of total energy consump-
tion. This is stipulated in the Third Na-
tional Energy Plan 2030, sharing about 
12.6% among the new and renewables. 
Also, another goal is to improve the 
technology associated with wind energy 
and lead the wind energy industry. 

2.2 Progress
In 2011, 27 MW of new wind power 
were installed, increasing 7% of total 
wind generation in Korea. The open-
ing photo shows Youngyang wind farm. 
Although the amount of wind capacity 
installed in 2011 is less than 2010, most 
of the turbine systems were supplied 
by domestic manufacturers. Domestic 
manufacturers have developed their sys-
tems and started recording operational 
performance. 

The net sales of the wind energy 
business in 2010 increased 76% over the 
previous year to an estimated 1.565 mil-
lion USD (1.164 million EUR). This 
amount represents 22.6% of all renew-
able energy industries. The number of 
manufacturers doubled from 12 to 24 
since 2004, and the number of employ-
ees was estimated to be around 1,103 
in 2010. Most manufacturers still con-
centrate on developing the products 
and technologies, so the majority of the 

Table 1. Key Statistics 2011: Korea
Total installed wind generation 406 MW

New wind generation installed 27 MW

Total electrical output from wind .812 TWh (2010)

Wind generation as % of national electric 
demand

0.18 % (2010)

Average capacity factor

Target: 7.3 GW by 2030

Courtesy Korea Energy Information Center
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Table 2. Total installed wind capacity in Korea 
Year ~2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 Total

Capacity 
(MW)

7.9 4.7 5.4 50 31 79 18 108 44 33 27 406

Electrical 
Output (GWh)

25 15 23 38 125 234 371 421 678 812 -

employees are dedicated to R&D rather 
than production. 

The history of wind energy in Ko-
rea is still short compared with countries 
that have established manufacturing of 
wind systems. Korean communities have 
strived to catch up with core technolo-
gies. The level of technology has been 
improved and by 2010 was nearly com-
parable to equipment from the leading 
countries in 2010.  

2.3 National incentive programs
The government subsidizes the instal-
lation of NRE (New and Renewable 
Energy) facilities to enhance deploy-
ment and to relieve the end user’s cost 
burden. The government has specially 
focused on school buildings, warehouses, 
industrial complexes, highway facilities, 
factories, and electric power plants. For 
wind power installations, especially for 
demonstration or private use, 50% of the 
installation cost is compensated by the 
government. 

Other incentive programs are as 
follows:

Million Green Homes Program: In 
order to encourage the deployment of 
renewable energy in residential areas, the 
government expanded the 100,000 solar 
roof program to the one million green 
home program for diversifying and op-
timizing renewable energy use. The tar-
get is to construct one million houses 
equipped with green energy resources 
by 2020. By the end of 2011, 111,400 
houses were equipped with green 
energy.

Green requirement to public build-
ings: New construction, expansion, or 

Table 3. Total sales of wind energy business in Korea 
Year 2004 2005 2006 2007 2008 2009 2010

Total Sales 
(million USD)

87 167 397 532 1,070 889 1,566

remodeling of public buildings having 
floor area exceeding 3,000 square me-
ters have been required to invest more 
than 5% of their total construction ex-
pense in the installation of new or re-
newable energy systems. 

FIT: The standard price has been 
adjusted annually reflecting the change 
of the NRE market and economic fea-
sibility of NRE. Concerning wind en-
ergy, the FIT was 0.092 USD/kWh 
(0.068 EUR/kWh) as a flat rate for 15 
years in 2011. The FIT is being applied 
to wind farms installed by 2011. New 
farms constructed from 2012 will be 
supported with RPS.

RPS (Renewable Portfolio Stan-
dards): RPS was approved by Congress 
and it has been prepared to enact the 
program from 2012. It specifies that 
more than 2% of electric power should 
be supplied with renewable resources 
in 2012. This regulation will be applied 
to electric power suppliers that pro-
vide more than 500 MW. The required 
rate of renewable generation will in-
crease to 10% in 2022. The weight fac-
tors for onshore wind farms is 1.0, for 
offshore farms less than 5 km from land 
the weight factor is 1.5, and for offshore 
wind farms more than 5 km from land 
the weight factor is 2.0. 

In addition, Loan & Tax Deductions, 
Local Government NRE Deployment 
Programs, and others are available as na-
tional incentive programs.

2.4 Issues affecting growth
Two issues are playing major roles esca-
lating the growth of wind energy. The 
first issue is the construction of 2.5 GW 

of offshore wind farms in the west sea. 
According to the roadmap announced 
by the government, the 2.5-GW farm 
will be constructed in three stages over 
nine years starting in 2011. For the first 
four years, 100 MW of wind power will 
be installed to gain experience with the 
technology and for site design. Then 400 
MW of wind power will be installed for 
accumulating operational experience 
and commercial use over the next two 
years. At the final stage, a 2-GW wind 
farm will be constructed with 5-MW 
wind turbines for commercial use. The 
total budget is estimated to be 7.5 bil-
lion USD (5.6 billion EUR). 

The other issue increasing wind 
power in Korea is the RPS program 
starting from 2012. Major electric power 
suppliers are required to provide 2% of 
the power with renewable energy in-
cluding wind power in 2012. The rate 
will increase to 10% in 2022. This regu-
lation will encourage power suppliers to 
invest in renewable resources generation.

 3.0 Implementation 
3.1 Economic impact
As reported in the IEA Wind 2010 An-
nual Report, major shipbuilding and 
heavy industry companies develop their 
own wind turbines and some companies 
have accumulated track records. The ex-
port of turbine systems began in 2009 
with sales of 50 million USD (37 mil-
lion EUR). In 2010, more turbines were 
exported and total sales are estimated at 
207 million USD (154 million EUR). 
Employment also increased dramatically 
due to rapid growth of the industry. Half 
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of employment is related to R&D and 
total employment is about 1,000 people.

3.2 Industry status
Some manufacturers have expanded 
their business into other renewable re-
sources such as solar energy, tidal energy, 
and others to provide stable renewable 
energy. However, the global economic 
crisis has reduced the prospects for re-
newable energy and new investment 
plans are being reviewed carefully.

 
3.3 Operational details
In 2011, 27 MW of wind power were 
newly installed and most turbines were 
supplied by domestic manufactur-
ers. Five 1.5-MW turbines were from 
Hanjin, one 2-MW turbine was from 

Unison, and two 1.5-MW turbines were 
from STX. Doosan and Samsung heavy 
industries provided one 3-MW and one 
2.5-MW turbines respectively. 

3.4 Wind energy costs
Newly installed wind turbines, especially 
those supplied by domestic manufac-
turers, are not operated for commercial 
purposes but for system check and accu-
mulating a track record. So there is not 
enough records of electric output and it 
is still difficult to estimate the real cost of 
wind energy. 

4.0 R, D&D Activities
4.1 National R, D&D efforts
The government has continuous-
ly increased the R&D budget and 

demonstrated strong support for wind 
energy. Even the Korean president men-
tioned wind energy as one of the can-
didates to expand the Korean economy 
at New Year’s news conference in 2011. 
The government has allocated a signifi-
cant R&D budget for local production 
of wind turbines and also realizes the 
importance of stable supply chain. The 
government, therefore, has increased 
the budget to develop technology for 
component and several government-
sponsored R&D projects are under way. 
More component development projects, 
as shown in Table 5, are launched every 
year. Table 5 shows the proportion of 
the R&D budget allocated for each cat-
egory. Overall, 40% of the R&D budget 
was provided to support component 

Table 4. Offshore wind farm construction plan for 2.5 GW
Demonstration Standardization Deployment

Objective Test record set up accumulation of 
track record site design

Operational experience validation 
of commercial operation

Cost effectiveness of GW site 
development and commercial 
operation

Wind Power 100 MW 400 MW 2,000 MW

Schedule 2011~14 (4 yrs) 2015~2016 (2 yrs) 2017~2019 (3yrs)

Figure 1. The budget trend of government sponsored R, D&D

Republic of Korea
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Table 5. Government R&D budget allocation in 2009 & 2010

Category
2009 2010

No. of Projects Budget Rate (%) No. of 
Projects

Budget Rate (%)

System 3 11.6 34 7 5.7 16

Field Test 3 9.2 27 2 12.1 35

Component 11 9.2 27 17 13.9 40

Electric, Controls 5 2.6 8 3 2.2 6

Others 3 1.3 4 3 0.9 3

Total 27 33.9 100 32 34.8 100

development in 2010. The components 
being developed for local production are 
brake calipers, pitch system and control-
lers, offshore floating simulation codes, 
condition monitoring, yaw bearings, 
blade damage smart sensing, LVRT con-
verter algorithms, shrink disks, gearbox-
es, yaw and pitch drives, and others.

5.0 The Next Term
The first stage of a 2.5-GW offshore 
wind farm was initiated in 2011 and 
RPS was enacted in 2012. These major 

issues are expected to encourage elec-
tric power suppliers and turbine sys-
tem manufacturers to plan for profit-
able wind farm construction. Also, many 
wind farm projects are planned by pri-
vate companies and provincial govern-
ments; therefore, it is quite difficult to 
predict future activities about wind en-
ergy in detail. 

Authors: Cheolwan Kim, Korea 
Aerospace Research Institute; Junoh 
Kim, Korea Energy Management Cor-
poration; and Jong Hoon Lee and Inmo 
Youn, Korea Institute of Energy Tech-
nology Evaluation and Planning, Korea.
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26  México

Table 1. Key Statistics 2011: México
Total installed wind generation 570 MW

New wind generation installed 50 MW

Total electrical output from wind 1.3 TWh 

Wind generation as % of 
national electric demand

0.6 % 

Average capacity factor ~30%

Target: 1.2 GW by the end of 2012 
2% of 2013 national electric demand

Bold italic indicates an estimate.

1.0 Overview
uring 2011, 20 new wind tur-
bines were commissioned in 
México, bringing the total 

wind generation capacity to 571 MW. 
D

The Law for Renewable Energy Use 
and Financing of Energy Transition 
(enacted in November 2008) is suc-
cessfully achieving its main objectives. 
Wind energy is now a competitive 
option within the Mexican electric-
ity market, and the Secretariat of En-
ergy (Sener) issued a Special Program 
for the Use of Renewable Energy. A 
2,000-MW, 400-kV, 300-km electri-
cal transmission line for wind energy 
projects in the Isthmus of Tehuantepec 
is under construction. Five 100-MW 
wind power plants are under construc-
tion and will be commissioned during 
2012 under the Independent Power 
Producer (IPP) modality.

The Energy Regulatory Commis-
sion has granted permits for a total of 
3,147 MW of wind power capacity. 
Currently, it is estimated that full im-
plementation of technologically and 
economically feasible projects would 
lead to the construction of more than 
12,000 MW of wind generation ca-
pacity. México’s largest wind energy 
resource is found in the Isthmus of Te-
huantepec in the state of Oaxaca. Aver-
age annual wind speeds in this region 
range from 7 m/s to 10 m/s, measured 
at 30 meters above the ground. It is es-
timated that more than 6,000 MW of 
wind power could be commercially 
tapped there. Using reliable and ef-
ficient wind turbines in this region 
could lead to annual capacity factors 
over 40%. The Mexican states of Baja 

California, Chiapas, and Tamaulipas, are 
emerging as the next wind energy de-
ployment regions in México. 

2.0 National 
Objectives and Progress
2.1. National targets
By the end of 2012 wind energy in-
stalled capacity in México will be close 
to 1,200 MW. Assuming this capacity 
operated at an average of 35% during 
2013, contribution of wind generation 
to national electric demand would be 
around 2%. 

2.2 Progress
Remarks:

•	La	Venta	I,	Guerrero	Negro,	and	
La Venta II (Figure 2) were first in 
the implementation of wind energy 
in México and are owned and op-
erated by the CFE.
•	Parques	 Ecológicos	 was	 the	 first	
privately owned wind energy plant 
in México (the main investor is 
Iberdrola Renovables) and is sup-
plying electricity for a number of 
private companies.
•	EURUS	is	the	largest	wind	pow-
er plant in Latin America (owned 
by CEMEX) and is aimed at sup-
plying around 25% of the CEMEX 
company’s electricity demand.
•	Eléctrica	 del	 Valle	 de	 México	
(opening photo) has the largest 
wind turbines installed in México, 
27 2.5-MW turbines from Clipper 
Windpower.
•	La	 Rumorosa	 1	 is	 the	 first	 wind	
energy project for public municipal 
lighting.
•	Certe-IIE	 is	 the	 first	 Mexican	
wind turbine test center and was 
supported by the Global Environ-
ment Facility (GEF) by means of 
the United Nations Development 
Program (UNDP). It is the first 
small wind energy power producer 
in México.
•	La	 Venta	 III	 is	 the	 first	 IPP	
wind energy project; the contract 

Photo: Clipper Windpower
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Figure 1. Wind generating capacity installed in México as of December 2011

awarded includes a complement 
to the electricity buyback price 
of about 0.015 USD/kWh (0.20 
EUR/kWh) that will be granted by 
GEF through the World Bank.
•	Bii	 Nee	 Stipa	 is	 owned	 by	
Iberdrola.

2.2.1 Contribution to electrical demand

During 2011, total electrical output 
from wind was around 1.3 TWh, which 
is equivalent to around 0.6 % of national 
electric demand.

2.2.2 Environmental benefits

Reduction of CO
2
 emissions due to 

wind generation for the year 2011 was 

780,000 tons, considering a mitigation 
rate of 0.6 tons CO

2
 per each wind 

generated MWh.

2.3 National incentive programs
The Law for the Use of Renewable En-
ergy and Financing of Energy Transition 
is a sound signal from the government 
of México regarding both political will 
and commitment for implementing en-
ergy diversification toward sustainable 
development. The main elements of the 
strategy in the law include: presenting 
strategic goals; creating a special program 
for renewable energy; creating a green 
fund; providing access to the grid; recog-
nizing external costs; recognizing capac-
ity credit; encouraging technical stan-
dards for interconnection and infrastruc-
ture for electricity transmission; provid-
ing support for industrial development; 
and providing support for R&D. Some 
of the regulatory instruments for this 
law have already been issued while oth-
ers are still under development. The ex-
isting incentives are:

•	Model	 agreement	 for	 the	 in-
terconnection of renewable en-
ergy power plants to the nation-
al electrical grid (2001), allows 

Figure 2. La Venta II 83.3-MW wind farm in the Isthmus of Tehuantepec, México
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Table 2. Progress on wind generation capacity in México
Wind power station No. WT WT (KW) WT 

Manuf
Station 

capacity 
(MW)

Status by the 
end of 2010

Type (1) Year (2) State

La Venta I 6 225 Vestas 1.3 Commissioned FGOB 1994 OAX

Guerrero Negro 1 600 Gamesa 0.6 Commissioned FGOB 1998 BCS

La Venta II 98 850 Gamesa 83.3 Commissioned FGOB 2007 OAX

Parques 
Ecológicos

93 850 Gamesa 79.9 Commissioned POSS 2009 OAX

EURUS 167 1,500 Acciona 250 Commissioned POSS 2009 OAX

Bii Nee Stipa 31 850 Gamesa 26.3 Commissioned POSS 2010 OAX

Certe-IIE F1 1 300 Komai 0.3 Commissioned FGOB 2010 OAX

E. Valle de México 27 2,500 Clipper 67.5 Commissioned POSS 2010 OAX

Mexicali 5 2,000 Gamesa 10.0 Commissioned SGOB 2010 BC

Fuerza Eólica 20 2,500 Clipper 50.0 Commissioned POSS 2011 OAX

La Venta III 121 850 Gamesa 102.9 U. Construction IPP 2012 OAX

Oaxaca I 51 2,000 Vestas 102.0 U. Construction IPP 2012 OAX

Oaxaca II 68 1,500 Acciona 102.0 U. Construction IPP 2012 OAX

Oaxaca III 68 1,500 Acciona 102.0 U. Construction IPP 2012 OAX

Oaxaca IV 68 1,599 Acciona 102.0 U. Construction IPP 2012 OAX

DEMSA 113 2,000 Gamesa 227.0 U. Construction POSS 2013 OAX

Eoliatec Istmo   82 2,000 Gamesa 164.0 U. Construction POSS 2013 OAX

Eoliatec Pacífico 160.5 Not initiated POSS 2013 OAX

EE Mareña 180.0 Not initiated POSS 2013 OAX

E.A. Istmeña 215.6 Not initiated POSS 2013 OAX

Bii Hioxo 227.5 Not initiated POSS 2013 OAX

C. Tamaulipas 54.0 Not initiated POSS 2014 TAM

F.E. B. Cal. 300.0 Not initiated POSS 2014 BC

San Matías 20.0 Not initiated POSS 2014 BC

Rumocannon 72.0 Not initiated POSS 2014 BC

B.Cal. 2000 10.0 Not initiated POSS 2014 BC

Sta. Catarina 17.5 Not initiated POSS 2014 NL

GSER 161.0 Not initiated POSS 2014 TAM

Dominica EL 200.0 Not initiated POSS 2014 SLP

Papaloapan 40.0 Not initiated POSS 2014 JAL

Accumulated 3,147.6

(1) FGOB=Federal Government, SGOB= State Government, POSS= Private owned self-supply, IPP= Independent Power 
Producer, IIE = Instituto de Investigaciones Eléctricas
(2) Commissioning year

Mexico

administrative interchange of elec-
tricity among billing periods
•	Accelerated	 depreciation	 (up	 to	
100% in one year) (2004)
•	Recognition	 of	 certain	 capacity	
credit for self-supply projects
•	Reduced	 tariffs	 for	 electricity	
transmission. 

2.4 Issues affecting growth
There is a critical need to include fit-
ting and fair social benefits to wind 
landowners (especially to peasants) in 
the negotiation of wind power projects. 
Planning studies for deploying wind 
power at the national level have not yet 
been carried out.

3.0 Implementation
3.1 Economic impact
By the end of 2011, it was estimated 
that the total investment in the con-
struction of wind power plants was 
around 1.14 billion USD (855 million 
EUR). Assuming that around 80% of 
this amount corresponds to the cost of 
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the wind turbines, the rest, around 228 
million USD (171 million EUR) could 
be considered as the economic distribu-
tion to México. Nevertheless, a substan-
tial portion of the work is carried out by 
foreign employees. 

3.2 Industry status
The Spanish wind turbine manufactures 
Acciona	Windpower	and	Gamesa	Eólica	
are leading the Mexican wind turbine 
market, but other companies like Ves-
tas and Clipper Windpower have been 
awarded important contracts. 

Several types of developers have 
emerged. CEMEX, a global leader in 
the building materials industry, is play-
ing the main role regarding investment 
in wind energy projects for self-supply 
purposes. Iberdrola is playing the main 
role in implementing wind energy 
projects for selling electricity to both 
big- and medium-sized electricity con-
sumers under the creation of self-supply 
consortiums. With the support of the 
federal government, the government of 
the state of Baja California implemented 
a 10-MW wind energy project for pub-
lic municipal lighting. This project was 
commissioned during 2010.

More than 200 Mexican companies 
have the capacity to manufacture some 
parts required for wind turbines and 
wind power plants. Trinity Industries de 
México, S. de R.L. de C.V. is manufac-
turing towers in for a number of wind 
turbine companies. The Mexican firm 
Potencia Industrial S.A. de C.V. is man-
ufacturing permanent-magnet electric 
generators for Clipper Windpower. The 
country also has excellent technical ex-
pertise in civil, mechanical, and electri-
cal engineering that could be tapped for 
plant design and construction. The new 
law for renewable energy instructs the 
Sener and the Secretary of Economy to 
promote manufacturing of wind tur-
bines in México.

3.3 Operational details
Operational details for each of the wind 
power stations are not available. During 
2011, the total average capacity factor 
for wind energy was around 30%. Being 
that 50 MW of new wind power plants 
were commissioned along the year, it 
means that capacity factor of individual 
wind power plants could be over 30%. 
In general terms, one can say that wind 
turbine manufactures are learning to 

deal with the outstanding wind regime 
of the Isthmus of Tehuantepec. 

3.4 Wind energy costs
Investment cost for installed wind ener-
gy projects in the Isthmus of Tehuante-
pec are around 2,000 USD/kW (1,500 
EUR/kW). In that region, the buy-back 
price for IPP generators is around 0.065 
USD/kWh (0.049 EUR/kWh). 

4.0 R, D&D Activities
4.1 National R, D&D efforts
With the economic support of the GEF 
and the UNDP, the Instituto de Inves-
tigaciones Eléctricas (IIE) implemented 
a Regional Wind Technology Center 
(WETC). In 2009, a special class of wind 
turbine prototype was installed in the 
WETC for testing purposes. The 300-
kW wind turbine is manufactured by the 
Japanese company Komai Tekko, Inc. Ac-
cording to the manufacturer’s specifica-
tions, the potential use for this turbine is 
distributed generation. It will be appro-
priate especially where site access is dif-
ficult, turbulence intensity is up to 20%, 
and seismic hazard is high. 

With the support of the Sener and 
the National Council for Science and 

Figure 3. The Wind Energy Technology Center operated by the IIE
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Figure 4. Mexican Wind Energy Atlas

Technology, the IIE is working on na-
tional capacity building on the most rel-
evant topics involved in the implemen-
tation of wind energy. The IIE is also 
carrying out specific studies and projects 
for CFE. The IIE developed a National 
Wind Energy Resource Atlas (Figure 4) 
that was presented by President Calde-
rón	during	the	COP	16	meeting.	

4.2 Collaborative research
The IIE participates in IEA Wind 
Task 11 Base Technology Information 
Exchange. 

5.0 The Next Term
Presently, the construction of 538 MW 
of new wind power capacity has been 
secured. This will bring the total genera-
tion capacity to at least 1,058 MW by 
the end of 2012. It is expected that, pri-
vate companies are capable of building 
the projects that they have been devel-
oping under the self-supply modality for 

bringing the total installed capacity to 
around 1,500 MW by the end of 2012. 

Author: Marco A. Borja, Instituto de 
Investigaciones Eléctricas (IIE), México.

Mexico
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27  the Netherlands

Photo credit: André de Boer, NL Agency

Table 1. Key Statistics 2011: Netherlands
Total installed wind generation 2,368 MW

New wind generation installed 123 MW

Total electrical output from wind  5.1 TWh

Wind generation as % of national electric 
demand

4.18 %

Average capacity factor

Target 2020 14% renewable energy

Target 2020 20% reduction CO2 as compared to 1990 
level

Bold italic indicates estimate

1.0 Overview
otal Dutch installed capacity 
has increased last year by 5.5% 
from 2,245 MW to 2,368 MW. 

The contribution of wind at sea capac-
ity remained unchanged at 228 MW. 
With this capacity a year overall aver-
age production of 4.18% of the national 
electric demand was reached. 2011 was 
more or less a standard wind year. In the 
Netherlands it is common to correct the 
annual production with a windex based 
on a ten years average (1996-2005). EU 
regulation nowadays requests corrections 
based on a five years average. Accord-
ing to Dutch methodology the windex 
(2011) was 0.96 meaning the wind was 
slightly less than average in the years 
1996-2005 in the Netherlands. Accord-
ing to the EU methodology the windex 
(2011) was 1.076, meaning the wind in 
2011 was 7.6% more than the last five 
years in the Netherlands.

Normalised at the mentioned ten 
years windex, the wind energy produc-
tion increased from 5,19 TWh (2010) 
to 5.31 TWh (2011). Although offshore 
turbines  cover ~10% of the total in-
stalled capacity, the production from 
wind offshore is around 16% of the total 
wind energy production  (Table 1)

T
2.0 National 
Objectives and Progress
2.1 National targets
The centre-right government took con-
trol in October 2010 and completed 
its first full year of operation in 2011. 
Already in 2010, national renewable 
energy targets for 2020 were reduced 
to the EU targets: 20% CO

2
 reduction 

compared to the 1990 level and a share 
of 14% renewable energy in 2020. The 
main tools to achieve these targets are:

•	Introduction	of	the	SDE	(stimuler-
ing duurzame energie)-plus produc-
tion subsidy for renewable energy 
replacing the previous SDE subsidy
•	Support	 of	 research	 and	 develop-
ment for new energy sources

•	Increased	 use	 of	 Kyoto	 flexible	
mechanisms
•	Implementation	of	nuclear	energy
•	Signing	 of	 more	 than	 50	 ‘Green	
Deals’ with society, aiming at en-
ergy efficiency and production of 
renewable energy
•	Preparation	 of	 the	 newly	 intro-
duced ‘Innovation Contracts’ (to be 
signed in 2012).

This means that the government 
broke with the past in terms of subsidy of 
energy research as explained in Section 4.

Within these renewable energy tar-
gets, no official targets for wind are cur-
rently set. The official vision and ambi-
tion in 2011 is, “National government 
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and provinces will make spatial plan-
ning as much as possible suitable for the 
growth of wind on land to at least 6,000 
MW in 2020. In addition, national gov-
ernment will designate enough space for 
6,000 MW wind at sea. Because not all 
parts of the Netherlands are suitable for 
large-scale wind on land, national gov-
ernment will allocate–in cooperation 
with provinces–preferred area for large 
scale wind on land.”

2.2 Progress
Progress was limited to net installation 
of 123 MW and the reorientation of the 
national incentive programs.

2.3 National incentive program
The main incentive program for re-
newable energy is the SDE-plus pro-
duction subsidy. By introducing the 
SDE-plus, the government responded 
to critics of the preceding SDE (effec-
tive 2008-2010), which gave subsidy to 
less expensive kinds of renewable en-
ergy as well as more expensive kinds. 
Accepted techniques for SDE-plus are 
energy from waste incineration, bio-
mass including biogas, wastewater, land-
fill, geothermal sources, osmosis, hydro, 
wind, and photovoltaics (≥15 kW

peak
). 

Compared to the preceding SDE, bio-
gas and renewable heat are new in the 
list. The main thought behind the new 
SDE-plus is to get as much renewable 
energy as possible for each subsidy-
euro. For SDE as well as for SDE-plus, 
the subsidy is meant only to fill the gap 
between the pay-back tariff (depend-
ing on the quality of the power, in ac-
tual practice ± 0.05 EUR/kWh; 0.06 
USD/kWh) and the ‘basic tariff,’ which 
is at most the cost price of the renew-
able energy. To apply SDE-plus, a pro-
ducer of renewable energy has to claim 
a certain basic tariff of its renewable 
energy and has to inform about the 
pay-back tariff of the energy company. 
SDE-plus can be received for the dif-
ference of these kWh-prices. In a cer-
tain sense, the term ‘basic tariff ’ is mis-
leading, since it is the sum of the pay-
back tariff and the SDE-plus. Currently, 
a maximum basic tariff is determined 
by the Netherlands research institute 
(ECN) and DNV KEMA Energy & 
Sustainability consultancy (KEMA). 
Submission for a price lower than the 
cost price of the renewable energy is 

possible too. In that case, the SDE-plus 
will be correspondingly less. 

The SDE-plus was planned to have 
a maximum of four rounds in 2011, 
starting 1 July, 1 September, 1 October, 
and 1 November, having a grand total 
of 1.5 billion EUR (1.6 billion USD) 
and all working according the first-
come-first-served principle. In the first 
round, submission could be made for 
projects with a claimed basic tariff up 
to 0.09 EUR/kWh (0.11 USD/kWh), 
in practice meaning a subsidy of at most 
± 0.04 EUR/kWh (0.05 USD/kWh). 
For the budget left over by the end of 
August, in September applications could 
be made for projects with a claimed ba-
sic tariff up to 0.11 EUR/kWh (0.14 
USD/kWh), in practice meaning a sub-
sidy of at most ± 0.06 EUR/kWh (0.08 
USD/kWh). For the budget left over 
after these two rounds, in October ap-
plications could be made for a basic tar-
iff up to 0.13 EUR/kWh (0.17 USD/
kWh) (subsidy of at most ± 0.08 EUR/
kWh; 0.10 USD/kWh). Finally in No-
vember applications could be done for a 
basic tariff up to 0.15 USD/kWh (0.19 
USD/kWh) (subsidy of at most ± 0.10 
EUR/kWh; 0.13 USD/kWh). One 
of the main features of the SDE-plus 
is that it is always possible to apply for 
a lower basic tariff in an earlier round. 
This would results in a lower SDE-plus 
subsidy but increases the chance of al-
lowance, because the chance of deple-
tion of the budget is lower when apply-
ing to an earlier round. These applica-
tions at a lower basic tariff are called free 
categories.

By the end of July, during the first 
round, the whole budget of 1.5 billion 
EUR (1.9 billion USD) was already 
claimed. Therefore, a second, third, and 
fourth round was not necessary. Broadly 
speaking the allocation was:

•	~60%	of	 the	budget	 allocated	 for	
green gas generation (digestion, 
excluded manure) and green gas 
upgrading
•	~10%	was	allocated	for	electricity	
from green gas
•	~9%	 was	 allocated	 for	 wind	 on	
land,
•	other	renewables	have	lower	per-
centages: ~7% co-digestion with 
manure, ~6% waste incineration, 
5% biomass (thermal) and ~2% 
photovoltaic.

Because 89% of the budget was 
claimed in the free categories, meaning 
the projects accept a lower SDE-plus 
than the maximum, it has been suggest-
ed that the basic tariffs were too high. 
Projects granted with SDE-plus have to 
be realized within three years. Therefore, 
the exact amounts of energy involved in 
it are not known yet.

2.4 Issues affecting growth
In the Netherlands, the availability of 
good wind farm locations is an issue. 
General policy for wind on land is to 
shift from stand-alone turbines to wind 
farms. Many provinces simply forbid 
the installation of stand-alone turbines 
and even forbid upgrading existing ones. 
Due to the high population density of 
400 persons/km2, the space for wind 
farms is limited. For wind at sea, lack of 
space is an important issue as well.

Further, the government reduced 
the fiscal advantages for private citizens 
on green savings accounts, green bonds, 
and green stocks, resulting in reduced 
amounts of money available for banks to 
spend on green projects. In addition, the 
general tendency of banks to have strict-
er rules on financing of projects also 
leads to less money available to spend on 
green projects. Both effects result in the 
need a higher financial participation of 
the project owner, making projects more 
difficult to be developed.

A third important factor affecting 
growth is the lack of harmonization of 
policies. This can result, for example, in 
difficulties in obtaining SDE-plus ben-
efits. SDE-plus applications can only be 
submitted after permissions, like envi-
ronmental permission and construction 
permits, are obtained. Obtaining these 
permits costs around 0.5% of the whole 
project, which is a high barrier for proj-
ect developers to spend at the moment 
when the SDE-plus allowance to make 
a project profitable is far from certain.

3.0 Implementation
3.1 Economic impact
The total investment in wind energy in-
stallations in the Netherlands for 2011 
can be estimated at 163 million EUR 
(211 million USD), assuming an average 
investment cost for land-based wind of 
1,325 EUR/kW (1,715 USD/kW) for 
the 123 MW installed. The total invest-
ment in wind energy installations built 

the Netherlands
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up to 2011 is, at the price level of 2011, 
estimated at approximately 3.55 million 
EUR (4.50 million USD).

In 2011, a report about the econom-
ic impact of the wind at sea sector was 
published (1). This was the result of ex-
tensive research at 112 companies. Based 
on the research, it can be stated that the 
employment of the sector is at least 1,800 
full-time employees but is very likely 
around 2,200 full time employees. Re-
garding employment, 11% is in R&D, 3% 
in project development, 74% in construc-
tion, and 12% in O&M. In construction 
seven companies in the construction sec-
tor generate two-thirds of the employ-
ment in the wind at sea sector. The turn-
over of the wind at sea sector is estimated 
at a minimum of 997 million EUR (1.1 
billion USD), but it is very likely that the 
real turnover is much more than 1 billion 
EUR (1.3 billion USD).

3.2 Industry status
XECM Darwind
XECM Darwind developed its 
XD115/5-MW offshore wind turbine 
with a 115-m rotor. The first proto-
type was installed in June 2011 at the 
ECN Wieringermeer test site (opening 
photo). The official opening ceremony 
was in September, attended by impor-
tant persons from the Chinese embassy, 
XEMC, the Ministry of EL&I, and the 
province. The turbine is being tested for 
Type certification and for further valida-
tion. Simultaneously the turbine is now 
being used for experimental research, 
amongst others experiments from the 
FLOW program (see Section 4).

3.3 Operational status
RWE/Essent Meteomast 
In October a new offshore metmast 
was installed, 75 km west of IJmuiden 
in Tromp Binnen windparkearea. This 
IJmuiden metmast is a twinning project 
with the German Nord Sea Ost met-
mast. The lattice, triangular-shaped mast 
is 96 m high. Part of this is the support 
structure, being a monopile of 62 m 
with a 3.2-m diamete. The total weight 
of the foundation is 370 tons. The 
monopile was rammed to a depth of 32 
m, the local sea depth is 26 m (Figure 1). 

Meteorological instruments are 
placed at four levels (96 m, 85 m, 58.5 
m, and 27 m). At platform height, two 
precipitation monitors are installed to 

detect rain, snow, etc. At the 85, 58.5 
and 27 meter levels, three booms are in-
stalled pointing in 0, 120, and 240 de-
gree directions respectively, where wind 
speed and/or wind direction are mea-
sured. The temperature, relative humid-
ity, and air pressure are also measured at 
each level.

On top, one sonic anemometer and 
two cup anemometers measure wind 
speed. Wind direction can be derived 
from the sonic anemometer. At 58.5 and 
27 m, boom lengths are sufficient to ac-
commodate both cup anemometers 
and wind vanes, at 85 m there are three 
wind vanes. Temperature sensors are in-
stalled at platform level and on top. Be-
sides these sensors in the mast, a Lidar is 
installed for additional wind speed mea-
surements and a wave and current buoy 
with acoustic Doppler current profiler 
(ADCP) system is installed to monitor 
current and wave data. Additional wave 
radar can be deployed depending on 
available power and resources. 

The meteorological station is com-
pletely self-supporting regarding energy 
requirements, and sends the measured 
data to the mainland using a satellite 
connection. The measurements are be-
ing carried out by ECN.

3.4 Wind energy costs
A report on the economic impact of 
offshore wind energy has been pub-
lished in Dutch (1). 

Figure 1. The RWE/Essent metmast, just after installation, without the booms

4.0 R, D&D Activities
4.1 National R, D&D efforts
As written in Section 1.0, the present 
government broke with history in terms 
of granting new subsidies on energy re-
search. While in 2010 a total of 38 million 
EUR (49 million USD) were awarded 
as subsidies for wind R&D, in 2011 only 
the direct governmental support of ECN 
and Technical University of Delft (TUD) 
were still funded (approximately 7.1 mil-
lion EUR; 9.2 million USD).

EOS (Energy Research Subsidy) 
and EWOZ (Wind offshore Subsidy):

EOS and EWOZ are two closed 
subsidy programs, but with projects still 
running that were awarded in 2010. No 
new budget was allocated in 2011. The 
most important project in progress in 
2011 are (marked by * are described in 
the IEA Wind 2010 Annual Report)

•	XEMC	Darwind*:	further	devel-
opment (testing, validating) of the 
XD 115 wind turbine 
•	2-B-Energy*:	development	of	the	
2 B Energy 6-MW downwind ro-
tor off shore wind turbine
•	EWT	(Emergya	Wind	Technolo-
gies)*: demonstration of the DW90 
2-MW, DDPM, outside rotor 
wind turbine
•	ActiFlow*:	 Research	 on	 porous	
turbine blades and/or blades with 
air inlets, leading to better aerody-
namic performances
•	ECN:	 sustainable	 control,	 de-
velopment of new control system 
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Figure 2. Vortex generators, to obtain better blade performance 
(Photo credit: CortEnergy)

including a.o. fault tolerant control, 
extreme event control, etc.
•	ECN:	 rotor	 flow,	 development	
of new ways of designing, using 
improved calculating methods of 
aerodynamic loads and dynamic 
loads
•	CortEnergy:	 VG	 airfoil,	 the	 in-
troduction of vortex-generators on 
turbine blades (Figure 2)
•	DotX	 Control	 Solutions:	 Devel-
opment of a non linear predictive 
controller
•	ECN:	 North	 Sea	 Transnational	
Grid (NSTG). Research on config-
urations of HVAC and HVDC, de-
termination of a NSTG on national 
nets, research on management and 
legislation issues.

Far and Large Offshore Wind 
(FLOW):

In December 2010, the Ministry of 
Economic Affairs, Agriculture and In-
novation granted a 23.5 million EUR 
(30.4 million USD) subsidy to the 
FLOW consortium with its 47 million 
EUR (60.8 million USD) research pro-
gram. The FLOW consortium is a mix 
of parties from industry (offshore, wind 
industry), utilities, TenneT, and research/
knowledge institutes. The FLOW pro-
gram has five research lines: wind farm 
design, support structures, peripheral 
infrastructure, turbine development, and 
societal items. In 2010, only the out-
line of the research was available, dur-
ing the course of the FLOW program, 

the outline will be filled in. Therefore, 
twice a year an internal tender of elabo-
rated projects will be organized. In 2011, 
the first (of four) full years, 11 million 
EUR of 47 million EUR (14 million 
USD of 60.8 million USD) on projects 
have been allocated. The most important 
projects include: 

•	Far	offshore	wind	modeling,	wind	
park wake modeling, and wind park 
turbulence modeling (Figure 3)
•	Coupling	between	near	wake	and	
far wake models
•	Offshore	 wind	 power	 plant	 con-
trol for minimal loading
•	Availability-based	 design	 of	 off-
shore wind power stations
•	Meteodashboard
•	Development	 of	 a	 noise	 mitiga-
tion under water screen, reducing 
sound pollution, enabling a longer 
permitted installation period (Fig-
ure 4)
•	Development	 of	 tools	 to	 design	
integrated and optimized wind tur-
bine/support structure
•	Wind	 farm	 electrical	 lay-out	 and	
optimization
•	Development	 of	 load	 analysis	
tools
•	Passive	 stall	 research	 to	 design/
develop new blades using planform 
modifications and complete fibre-
path definitions for blades.

Many of the projects are in close 
cooperation between industrial partners 
and research institutes/university.

Offshore Windfarm Egmond aan 
Zee (OWEZ):

The Monitoring and Evaluation 
Program (MEP) of OWEZ, formerly 
known as NSW, consists of two parts: 
technology/economy and ecology/en-
vironment. In 2011, the technology/
economy part was completed and the 
results were presented in an IJmuiden-
workshop in December (2). In addition 
to many conclusions in the field of tech-
nology and economy, one of the most 
important lessons was that an offshore 
wind farm and a monitoring/evaluation 
program can survive many governments, 
involved ministers, policy changes, and 
even project managers. For example, 
during the 15 years of this program 
(from concept to 2011), four Ministers 
of Economic Affairs were seen. This 
means that special attention has to be 
paid to the consolidation of procedures, 
agreements, experience, and knowledge. 
Even the way data are stored, processed, 
and presented via computer systems and 
websites needs special care (2).

4.2 Collaborative research
The Netherlands have continued to play 
an important role in several IEA Wind 
tasks. These include Task 26, Cost of 
Wind Energy, with the participation of 
the Netherlands research institute ECN 
and the direct involvement of the Min-
istry of Economic Affairs, Agriculture 
and Innovation. Also Task 28 on Social 
Acceptance of Wind Energy, includes 
direct participation of the NL Agency. 
Participation may include new Tasks 
under formulation (Task 30 and 31). 
Participation in the IEA Wind tasks is a 
cost-effective way to conduct research. 
On average, each euro spent in the 
Netherlands on research gives access to 
five euro value of research spent in the 
other participating countries.

5.0 The Next Term
5.1 Innovation Contracts
The most significant change in 2012 
will be the introduction of the Inno-
vation Contracts, which can be seen as 
replacements for several energy research 
subsidy programs. In autumn 2011, the 
government started the first initiative for 
Innovation Contracts. It is foreseen that 
Innovation Contracts will be signed in 
the seven fields of bioenergy, gas, built 

the Netherlands
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Figure 3. The nine small wind turbines at the ECN Wier-
ingermeer test field are used to measure and model the 
wake in a wind farm (Photo: ECN)

Figure 4. The IHC Noise Mitigation Sys-
tem, reducing impact on sea life due to 
offshore construction activities (Photo: 
IHC Offshore Systems)

environment, industry, smart grids, wind 
at sea, and photovoltaics. The leading 
idea behind the Innovation Contracts 
is the wish from politics/government 
to have the market parties (businesses, 
research centers, universities) directing 
and determining the research and devel-
opment to be done. Before Innovation 
Contracts are awarded, a long route has 
to be passed in which all the seven men-
tioned sectors have to organize them-
selves. They have to develop a common 
vision, a shared approach to R&D top-
ics to be handled, and a list of proposed 
projects to be financially supported. 

5.2 SDE-plus in 2012
SDE-plus 2012 will not be very much 
different from the way worked for 
2011. Some small adjustments include 
a total budget increased to 1.7 billion 
EUR (2.2 billion USD) and introduc-
tion of a new category called wind 
on land (< 6 MW, with increased year 
production). Wind offshore is not in-
cluded in the SDE-plus 2012 approach 
although it still can be applied under a 

free category and therefore at a lower 
SDE-plus subsidy rate.

5.3 Q10 wind farm
In 2013, the Netherlands energy com-
pany Eneco will start building the Q10 
wind farm. The base case of the farm 
will be 43 Vestas V112 3-MW turbines. 
It has been agreed with the govern-
ment that innovative elements will be 
included in the wind farm. For example, 
the installation and testing of one, two, 
or three innovative wind turbines. Those 
innovative turbines of a minimum of 
4-MW will need to be: 1) certified as 
a Prototype Class C onshore WTG ac-
cording to the IEC Type Certification 
System at the time of contract signing, 
2) producing power to the grid in at 
least one onshore location at the time 
of application, 3) out of serial produc-
tion, and 4) having a maximum rotor 
diameter of 115 m. Wind turbines that 
are already fully certified and commer-
cially available are not considered to be 
innovative. Innovations can be made in 
three fields: the design of the foundation 
(e.g., a light weight monopile, new kind 
of connections between transition piece 
and monopile or an integrated transition 
piece/monopile, a non steal monopile, 
suction techniques, jacket construc-
tion, drilling/vibrating ); in the field of 
innovative installation techniques (e.g., 
sound mitigation techniques, avoiding 
scour protection, reduction (-20%) of 
the number of lifting movements); or in 
a open category of innovations.

References 
(1) http://www.agentschapnl.nl/

content/sectoronderzoek-offshore-win-
denergie (Dutch)

(2) The results can be down-
loaded at http://www.agentschapnl.nl/
programmas-regelingen/results-wind-
park-egmond-aan-zee (in Dutch). Gen-
eral informal about the Monitoring and 
Evaluation Program can be found under 
the link at www.offshorewind.nl (mostly 
in English)

Author: André de Boer, NL Agen-
cy, NL Energy and Climate Change,  
The Netherlands.
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28  Norway

Table 1. Key Statistics 2011: Norway
Total installed wind generation 511 MW

New wind generation installed 76.5 MW

Total electrical output from wind 1.3 TWh

Wind generation as % of national 
electric demand

1.0%

Average capacity factor 31.3%

Target: No target

(Photo: Bernhard Kvaal, Trønder Energi AS)

1.0 Overview
n 2011, the new capacity installed 
was 85.1 MW. However, about 8.6 
MW of capacity were also taken out 

of production or downgraded, result-
ing in a net capacity installed in 2011 
of 76.5 MW. Total production of wind 
power was 1,308 GWh compared to 
906 GWh last year. The calculated wind 
index for 2011 was at 113%, resulting in 
an average capacity factor at 31.3% for 
the wind power plants in normal op-
eration. Wind generation constitutes 

I
1% of the total electric production in 
the country. Electric energy in Norway 
is generated using a very high share of 
renewable energy. The dominant en-
ergy resource is hydropower, but there 
is also a keen interest in wind power as 
a commercial source of energy. Most of 
the remaining economical renewable re-
sources are wind power, but there is also 
a potential for about 30 TWh of hydro-
power, mostly small-scale hydropower. 
The key statistics for 2011 are shown in 
Table 1 and Figure 1.

2.0 National 
Objectives and Progress
2.1 National targets
There is no separate target for wind en-
ergy production in Norway. The former 
national goal for 2016 is still effective. 
According to this goal, the production 
from renewable energy sources and en-
ergy efficiency should be at least 30 
TWh above the level of 2001. A new 
target, set in 2011, is to increase the pro-
duction of renewable electricity with 
13.2 TWh in 2020. 

2.2 Progress
Renewable sources of electricity sup-
plied 99% of the national electrical de-
mand in 2011. About 1% of the renew-
able supply came from wind power. 
Since electricity production in Norway 
mainly comes from hydropower, the 
share of renewable energy varies con-
siderably from one year to the next. It 
turns out that 2010 was a rather wet 
year resulting in a net power export of 
3.1 TWh. Since most of the electricity 
produced in Norway is already based on 
renewable energy, the national environ-
mental benefits of wind power are insig-
nificant since new wind power capacity 
only contributes to excess power for ex-
port to the European market.

2.3 National incentive programs
For renewable power production, the 
support system has so far been adminis-
trated through the state-owned organi-
zation Enova SF. Since 2001, Enova has 
signed contracts with energy utilities for 
18 wind power projects for 2.6 billion 
NOK (3.3 million EUR; 4.3 million 
USD), and an energy result of 2.1 TWh. 
In January 2012, Norway and Sweden 
established a common green certificate 
program. The economic incentive is 
expected to stimulate the development 
of 26.4 TWh of new renewable power 
in both countries and up to 50 billion 
NOK (6.5 million EUR; 8.4 million 
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Figure 1. Installed wind capacity in Norway 1997-2011

USD) in investments towards Norwe-
gian climate friendly electricity produc-
tion, mostly via wind power. Enova will 
from 2012 support technology develop-
ment connected to wind power. 

This program has been terminated 
in 2011, and from 2012 it was replaced 
by a new scheme for marketable elec-
tricity certificates. The certificate system 
will move the cost for supporting re-
newables from Enova to the electricity 
consumer. Approved power plants will 
receive one certificate for every gen-
erated MWh from renewable energy 
resources. Hence, owners of approved 
plants have two products on the mar-
ket: electricity and electricity certificates. 
They can be sold independent of each 
other.

The demand for certificates is cre-
ated by a requirement under the act that 
all electricity users purchase certificates 
equivalent to a certain proportion of 
their electricity use, known as their quo-
ta obligation. The price of certificates is 
determined in the market by supply and 
demand, and it can vary from one trans-
action to another. 

All renewables are included in the 
system, and there are no specific quotas 
for wind power. Nevertheless it is ex-
pected that theses electricity certificates 
will primarily stimulate new production 

from hydro and wind power plants, since 
other renewables (e.g., power from bio-
mass and solar) will hardly be able to 
compete. 

The objective of the electricity cer-
tificate system is to increase the produc-
tion of renewable electricity with 13.2 
TWh by year 2020 compared to year 
2012, and it is estimated that new wind 
power will contribute with 6 to 7 TWh. 

3.0 Implementation
3.1 Economic impact
Some of the Norwegian industry takes 
part in component production for wind 
energy systems, e.g., wind turbine blades 
and nacelles. Companies with expe-
rience from the offshore oil industry 
(OEWC Tower and Aker Solutions) 
have widened their scope of interest and 
engagement to the offshore wind indus-
try. The companies offer offshore wind 
turbine substructure solutions like Jacket 
Quattropod and Tripod.

3.2 Industry status
Production of wind power is dispersed 
among several energy companies, some 
of which are small local utilities. The 
largest wind power projects are oper-
ated by big national energy companies. 
Some Norwegian companies (Statkraft 
and Statoil) are also engaged in projects 

in foreign countries, like offshore wind 
in the United Kingdom. So far, there is 
no significant wind turbine manufactur-
ing industry in Norway.

3.3 Operational details
In 2011, the capacity factor of wind 
turbines varied between 29% and 50%. 
The average capacity factor was 31%. 
The technical availability of new wind 
turbines in Norway is usually in the 
range of 95% to 99%. Some wind farms 
are exposed to very harsh and turbulent 
wind. In those areas, the availability is 
considerably lower, and in some places 
is even less than 80%. The mechanical 
impact of turbulent wind has apparently 
been underestimated. The average avail-
ability is 95%.

3.4 Wind energy costs
The total wind farm installation costs 
are estimated between 11.5 and 12.5 
million NOK/MW (1.5 and 1.6 million 
EUR/MW; 1.9 and 2 million USD). 
Annual maintenance is reported to be 
between 0.12 and 0.16 NOK/kWh 
(0.014 to 0.02 EUR/kWh; 0.020 to 
0.026 USD/kWh), with an average cost 
of 0.15 NOK/kWh (0.019 EUR/kWh; 
0.025 USD/kWh). Estimates of produc-
tion costs from sites with good wind 
conditions (33% capacity factor) suggest 
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a production cost of about 510 NOK/
MWh (64 EUR/MWh; 85 USD/
MWh), including capital costs (discount 
rate 6.0%, 20-year period), operation, 
and maintenance. 

4.0 R, D&D Activities
4.1 National R, D&D efforts
In accordance with a broad-based po-
litical agreement on climate achieved in 
the Storting (the Norwegian parliament) 
and the national R&D strategy for en-
ergy (Energi21), the Research Council 
of Norway has founded eight Centers 
for Environment-friendly Energy Re-
search (CEER). The goal of the centers 
is to become international leaders in 
their respective areas of energy research 
and to make environmentally friendly 
energy profitable. Each CEER will re-
ceive up to 20 million NOK (2.4 mil-
lion EUR; 3.4 million USD) annually 
over a five-year period with the possibil-
ity of receiving an extension of funding 
up to eight years. Two of the CEERs 
are focusing on offshore wind energy: 
the Research Center for Offshore Wind 
Technology (NOWITECH) at SIN-
TEF Energy Research and the Norwe-
gian Center for Offshore Wind Energy 
(NORCOWE) at Christian Michelsen 
Research. A third CEER, the Center for 
Environmental Design of Renewable 
Energy (CEDREN) is working on is-
sues such as integration of wind energy. 

The governmental research program 
for sustainable energy is called REN-
ERGI. The budget increased slightly 
in 2011, and the following wind en-
ergy R&D projects were approved for 
funding.

•	Rapidly	 updated	 forecasts	 for	
wind energy production: Metrolo-
gisk Institutt
•	Fluid	 structure	 interactions	 for	
wind turbines: SINTEF
•	Cranefree	 fundament	 for	offshore	
vind: SEATOWER
•	Far	 offshore	 operation	 and	
maintenance vessel concept 

development and optimisation: 
Statkraft Development
•	Optimised	 planning,	 foundation	
design and installation procedures 
for offshore wind farms: Norwind 
Installer
•	Time-dependent	 models	 for	 the	
calculation of energy production in 
wind farms: Kjeller Vindteknikk
•	Add-on	 instrumentation	 sys-
tem for wind turbines: Kongsberg 
Maritime
•	A	 new	 material	 systems	 for	 high	
output and low energy produc-
tion process of wind turbine blades: 
Reichold.

In addition to this, several projects have 
been funded through the RENERGI 
budget the last few years. One of them is 
SWAY. SWAY has developed a floating 
wind turbine. A 1:6 down-scaled model 
is being tested in the sea outside Bergen 
under real conditions. The conditions 
for a down-scaled model are harsher 
than for the full scale, which has given 
important and valuable experience. 

The world’s first full-scale floating 
wind turbine (Hywind concept devel-
oped by Statoil) is operational. Statoil 
is testing the wind turbine over a two-
year period and has attained a high 
availability. Hywind has survived the 
heavy storm Berit followed by other 
storms with winds over 40 m/s and 
maximum waves over 18 m. The in-
creased production is of course partly 
related to good wind conditions at site. 
But Statoil’s continuous focus of chas-
ing downtime and alarms are paying 
off. Reduced downtime for alarms have 
been achieved through rapid response, a 
switch to remote resets, being an active 

and demanding customer, flexible ves-
sel contract, accurate production and 
weather forecasts. Improved access to the 
turbine, motion control, and a proactive 
approach are all focus areas that have re-
sulted in the increased production.

4.2 Collaborative research
In 2009, Norway participated in the fol-
lowing IEA Wind Tasks: Task 11 Base 
Technology Information Exchange; Task 
19 Wind Energy in Cold Climates; Task 
23 Offshore Wind Energy Technology 
and Deployment; Task 24 Integration 
of Wind and Hydropower Systems; Task 
25 Power Systems with Large Amounts 
of Wind Power; Task 28 Social Accep-
tance of Wind Energy Projects; and Task 
29 MexNEXT Analysis of Wind Tun-
nel Measurements and Improvement of 
Aerodynamic Models.

5.0 The Next Term
The next term will be dominated by the 
impetus given to the wind power indus-
try by the increased profitability offered 
by the electricity certificate scheme. As 
of early 2012, six wind farms were un-
der construction.

Authors: Tor Arne Hafstad, Norwe-
gian Research Council and Knut Hof-
stad, Norwegian Water Resources and 
Energy Directorate, Norway. 
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29  Portugal

Table 1. Key Statistics 2011: Portugal
Total installed wind capacity 4,302 MW

New wind capacity installed 315 MW

Total electrical output from wind 9.0 TWh

Wind generation as % of national 
electric demand

18%

Average capacity factor 26%

Target: Onshore: 6,800 MW
Off shore: 75 MW by 2020 

1.0 Overview 
uring 2011, Portugal experienced 
a strong reduction of electricity 

demand. With a decrease of 2.3%, 
the total consumption was 50.5 TWh (1). 
Due to a mild winter season, the most 
relevant renewable generation facilities 
(hydro and wind) experienced a strong 
production reduction in comparison with 
2010. In 2011, Portuguese wind farms 
produced 21 GWh less than the previ-
ous year. It is only because of the decrease 
in consumption that wind penetration 
achieved a value of 18%. 

The growth of the wind sector has 
maintained the pace of 2010, and 315 
MW were added. This amounts to a total 
installed capacity of 4,302 MW, represent-
ing 22% of the electric system’s installed 
capacity (1). In November 2011, a mile-
stone for Portuguese offshore wind devel-
opment was achieved with the success-
ful deployment of its first offshore float-
ing wind turbine – WindFloat (opening 
photo).

2.0 National 
Objectives and Progress 
2.1 National targets
The targets for installed capacity cur-
rently in place were established in 
June 2010 by the former government 
through the Plano Nacional de Acção 
para as Energias Renováveis (PNAER 
plan) (1). During 2011, a Memorandum 
of Understanding (MoU) was signed by 
the Portuguese government, the Euro-
pean Commission (EC), European Cen-
tral Bank (ECB), and the International 
Monetary Fund (IMF) (3) that spe-
cifically addressed the renewable energy 
sector, aiming to reduce its economic 
impact on Portuguese industrial produc-
tion costs. Actions regarding the renew-
able energy sector were studied focusing 
globally on the reduction of the cost of 
electricity in Portugal. As a consequence 
of the economic climate and the pub-
lic’s perception of wind energy as in-
troducing an extra cost on the country’s 

D

electricity, in 2011 only 11 MW of new 
wind plants were licensed (2). 

2.2 Progress
During 2011, 315 MW of wind power 
were deployed in Portugal. This figure is 
on the same level as 2010 but reveals the 
decreasing trend of the last few years as 
displayed on the dark green bar graph of 

Figure 1. The new capacity was distrib-
uted over 10 new wind farms that added 
207 turbines. The total number of de-
ployed wind turbines in Portugal is now 
2,349 of which 2,239 are installed in 
mainland Portugal (2) and 110 in Ma-
deira and Azores (4).

Considering only mainland Portugal, 
the yield of generated wind energy was 

Photo: Courtesy WindFloat
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9,003 GWh which is 23 GWh less than 
in 2010. Nevertheless, wind energy ac-
counted for 18% of the total consump-
tion, a figure 1% above that obtained in 
the previous year. This was only possible 
because an historic 2.3% decrease of con-
sumption was recorded (1). 

The average production at full ca-
pacity was 2,093 hr/MW, which is sub-
stantially lower than the 2,348 hr/MW 
of 2010. The wind energy production 
by classes of number of hours at full ca-
pacity (NEPs) was concentrated (52%) 
in wind farms with NEPs between 
1,750 and 2,250 hours. In 2010 a similar 
proportion was obtained for wind farms 
with NEPs between 2,250 a 2,750 
hours. Wind farms with NEPs below 
1,750 hours increased their production 
from 1% to 6%. The trend in 2011 was 
to have the production concentrated in 
parks that produce less (58%). Therefore, 
reductions were felt on more productive 
wind farms, with NEPs between 2,250 
and 2,750, reduced from 53% in 2010 
to 29% in 2011, and wind farms with 
NEPs above 2,750 hours saw a reduc-
tion of 3% recording 13% in 2011.

The year was atypical for renewable 
electricity production and far below 
what Portugal showed it can produce. 
Renewable energy sources accounted 
for 45.3% of the gross electric demand 
which was a severe reduction in the 
pace established by the 51.6% of 2010. 
The largest share of renewable produc-
tion came from hydro power plants 
which accounted for 49.1%, a figure 8% 
below what was obtained in 2010. With 

Figure 1. Installed versus accumulated wind capacity (bar graph) and percentage of 
wind energy production (line graph)

the reduction of the largest player, the 
remaining sources were able to augment 
their contribution, wind energy yielded 
37% of production, the biomass sector 
represented 12.4%, and PV grew from 
0.8 to 1.1%.

2.3 National incentive programs
The strategy and incentives for renew-
able energy investments in Portugal 
are set by the PNAER plan approved 
in 2010. The milestones defined by it 
are set to 2020 and foresee a quota for 
the renewables contribution to the sev-
eral energy sectors. The plan considers 
2005 as a baseline, where the contribu-
tions from renewables were of 0.2 % in 
transportation, 29.3% in electricity, and 
31.9% in heating and cooling. The tar-
gets for 2020 are to raise the contribu-
tion to 10% in the transportation sector, 
30.6% in heating and cooling, and to 
60% in electricity (5).

Other incentive programs currently 
in place in Portugal target micro-gen-
eration (up to 11 kW)  and mini-gen-
eration (up to 250 kW) renewable en-
ergy installations. For micro-generation, 
the yearly feed-in tariffs and limits for 
grid-connected power are established 
by dispatch until 31 December of the 
previous year. The tariffs for 2011 were 
established on 30 December 2010 by 
the Energy Sector Regulator Direcção 
Geral de Energia e Geologia (DGEG) 
to a value of 380 EUR/MWh (491.7 
USD/MWh) and a limit of 29.6 MW 
of grid-connected power was set. 
The mini-generation program was 

established in 2010, but only in March 
2011 the Decree-law 34/2011 setting 
its rules was published (6). This program 
allows small companies to install renew-
able-based production centers of up to 
250 kW. There are limitations on the 
yearly amount of energy which will be 
rewarded at a maximum of 250 EUR/
MWh (323.5 USD/MWh).

2.4 Issues affecting growth
In May 2011, the Portuguese govern-
ment agreed with the EU, the ECB, and 
the IMF on  a settlement due to the 
Euro zone crisis. The agreement result-
ed a document known as the MoU on 
Specific Economic Policy Conditional-
ity (3). Regarding the energy markets, 
the objectives established in the MoU 
include: complete liberalization of the 
electricity and gas markets, reduction of 
the energy dependence from external 
sources and renewable energy promo-
tion ensuring limited additional costs, a 
consistent overall energy policy by re-
viewing existing instruments, and fur-
ther integrate the Iberian market for 
electricity and gas (MIBEL and MIB-
GAS). The most important measures 
regarding renewable energy are to re-
view the efficiency of support schemes 
for renewables, covering their rationale, 
their levels and other relevant design 
elements; and to assess the possibility to 
reduce eventual extra costs associated 
with the renewable sector. For mature 
technologies, mechanisms alternative to 
FIT (such as feed-in premiums) are be-
ing investigated. Reports on action are 
to be taken in the third quarter of 2011, 
third quarter of 2012, and third quarter 
of 2013.

To follow the trends and evolution 
of emissions during the implementation 
period of the Kyoto protocol (2008-
2012), the Portuguese company E.Value 
publishes a monthly index on energy 
consumption and CO

2
 emissions from 

electricity generation (Figure 2). The 
month of December 2007 is used as the 
reference (value 1,000). After reaching 
record values by the end of 2010 (a val-
ue of approximately 1,042), during 2011 
the energy index has steadily decreased, 
ending the year with a value of 1,010. 
The CO

2
 index inverted its tendency, 

Portugal
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Figure 2. Electricity consumption and CO2 emission from electricity generation E.Value index for Portugal 
(Source: www.evalue.pt)

Figure 3. Record wind power penetration and energy generation during 2011 (13 November) (1)

because 2011was a difficult year for re-
newable energy generation, reflected by 
a growth of 130 points throughout the 
year.

A design parameter limit of elec-
tric systems like the Portuguese is the 
extreme penetration of renewable, non-
dispatchable sources (e.g., wind power 
or river run-off hydropower). After 2010 
where the records for highest wind in-
stantaneous penetration and daily con-
sumption supplied by wind were set, 
2011 saw those figures surpassed again. 
The highest instantaneous wind pen-
etration was recorded on 13 November 
2011 at 4:30 AM with a value of 93%. 
On this day, 81 GWh of wind energy 

were produced, which meant 70% of 
consumption, also a record (1). Figure 
3 describes the wind energy timing on 
the maximum demand day, highest wind 
penetration, and highest contribution 
from wind.

3.0 Implementation 
3.1 Economic impact
The current wind capacity together 
with the Portuguese wind industry ac-
count for an estimated number of 3,200 
jobs. In 2011, wind generated electri-
cal energy produced an estimated in-
come of 842 million EUR (1.090 bil-
lion USD) and allowed for savings of 
3.1 million tons of CO

2
 emissions. The 

newly installed capacity (315 MW) rep-
resented a private investment by wind 
power developers of more than 400 mil-
lion EUR (517 million USD). The wind 
energy sector has an economic impact 
of nearly 1.3 billion EUR (1.7 billion 
USD).

In 2011, the Portuguese Renew-
able Energy Association (APREN) and 
Roland Berger Strategy Consultants 
published the study “Assessment of costs 
and benefits of electricity production 
from renewable energy sources” (7). This 
study reviews the period between 2005 
and 2010, estimates the costs of energy 
from renewable sources and convention-
al sources for the period between 2011 
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and 2030, and analyzes the current tar-
iff ’s structure. 

3.2 Industry status
The onshore manufacturers market is 
again led by Enercon in 2011. With 
207 wind turbines, Enercon has 87.7% 
of the market. The closest competitor is 
Nordex with a share of 7%. The remain-
ing wind turbines (12) were installed 
in equal parts by REpower and Ves-
tas, amounting to a share of 2.6% each. 
With this scenario, Enercon increased 
its share of the overall Portuguese mar-
ket to 52.2% of the installed capacity. 
In second place is Vestas with a 14.3% 
share, followed by Gamesa (9.8%), Nor-
dex (9.4%), REpower (4.2%), GE Wind 
(2.4%), Ecotecnia (2.4%), Suzlon (2.4%), 
Izar Bonus (1.7%) and other manufac-
turers (1.2%) (2 and 4).

An important milestone for offshore 
wind development in Atlantic waters 
was achieved in November 2011. The 
WindFloat, a semi-submersible structure 
holding a multi-megawatt wind tur-
bine, has been deployed at Aguçadoura, 
a	site	located	6	km	offshore	of	Póvoa	do	
Varzim, north of Portugal with a depth 
of 50 m. It is the outcome of the Wind-
Plus joint venture from EDP – Ener-
gias de Portugal, Principle Power, A. 
Silva Matos (ASM), Vestas Wind Systems 
A/S, InovCapital and Fundo de Apoio 
à Inovação (FAI). The assembly, instal-
lation, and preparation were performed 
on a dry dock in Setenave, Setubal, and 
the WindFloat was towed more than 
350 km to its final location. 

3.3 Operational details
Ten new wind farms were connected 
to the grid in 2011. Of these, 92.2% 
have an installed capacity between 10 
and 50 MW, while the remaining 7.2% 
were installed with a capacity below 10 
MW. With the exception of two wind 
farms, all the new parks have deployed 
2.0 MW rated power wind turbines (2). 
The largest new wind park is composed 
of 22 wind turbines. The overall installed 
capacity is distributed mainly in small 
(<10 MW) and medium sized (10-50 
MW) wind farms. The first have a quota 

of 51.4%, the second of 40.8%, while 
only 7.8% of the wind farms have a ca-
pacity above 50 MW (2).

In Portugal, 2011 was an atypical 
year for wind availability and produc-
tion. Here wind turbines operate in 
two different environments, the coastal 
or the mountainous region. In both re-
gions, the indexes maintained by LNEG 
for wind and production (Figure 4) 
show a pronounced decrease from pre-
vious years. The wind availability was 
far below average, an index of 0.93 was 
recorded in the coastal region and 0.92 
in the mountainous region. Regarding 
production, wind farms in the coastal 
region were able to yield a figure close 
to average (index of 1.0), whereas in the 
mountainous region only an index of 
0.91 was recorded. Data from the Por-
tuguese TSO (1) is in line with the one 
from LNEG and points to an overall 
production index of 0.97 in 2011 when 
considering the period between 2001 
and 2010. 

3.4 Wind energy costs
During 2011, the average installed cost, 
excluding grid connection and land 
contracting, was 1.4 million euro/MW 
(1.81 million USD/MW). The mean 
tariff paid during 2011 was 93.5 EUR/
MWh (121 USD/MWh) to the wind 
power plants and 103.4 EUR/MWh 
(134 USD/MWh) for the renewable in-
dependent producers, according to the 
Portuguese energy regulator (ERSE) (8).

Figure 4. Wind (bar graph) and production indexes (line graph) on coastal and moun-
tainous regions of Portugal

4.0 R, D&D Activities
4.1 National R, D&D efforts
The national R&D efforts during 2011 
were mainly focused on offshore wind 
energy, development of tools and meth-
odologies to maximize the penetration 
of renewable energy, and promoting 
energy sustainability. These activities are 
taking place at the principal institutes 
and universities of the country financed 
through national or European programs. 
The main R&D activities underway in 
Portugal are: 

•	Project	 NORSEWiND:	 made	
up of 15 organizations between re-
search institutes and industrial orga-
nizations with the Portuguese par-
ticipation of LNEG funded by EC 
FP7. The project aims to character-
ize and evaluate the wind resource 
on the northern seas. 
•	Project	ROADMAP:	a	Portugal-
based project funded by the Por-
tuguese Science and Technology 
Foundation (FCT), with the pur-
pose of identifying the constraints 
and barriers to the development of 
offshore energy in Portugal. 
•	Project	 SEANERGY	 2020:	 an	
EC-IEE project to evaluate and 
further develop the maritime spa-
tial planning on the European space 
with the PT participation of LNEG. 
•	Project	 REIVE:	 a	 consortium	
of leading industrial and energy 
companies with R&D institutes 
led by INESC-Porto with the 

Portugal
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participation of LNEG. A project 
to deliver the “Smart Vehicle to 
Grid” funded by FAI (Portugal).
•	Project	TWENTIES:	a	project	to	
deal with transmission system op-
eration with large penetration of 
wind and other renewable electric-
ity sources in networks by means 
of innovative tools and integrated 
energy solutions. Is funded by EC 
FP7 and has the PT participation of 
INESC-Porto.
•	Project	MERGE:	a	consortium	of	
European partners with the Portu-
guese participation of INESC-Por-
to and the National Grid Operator 
(REN), funded by EC FP7 aiming 
to prepare Europe’s grid for electri-
cal vehicles.
•	Project	MARINA:	 a	project	 that	
brings together companies, tech-
nology centers and universities 
from twelve EU countries. Is led 
by Acciona Energy and funded by 
EC FP7. The objective is to de-
velop deep water structures that 
can exploit the energy from wind, 
waves, tidal and ocean current en-
ergy sources.
•	Project	 ORECCA:	 a	 collabora-
tion between European organiza-
tions and two North American 
research institutes is funded by EC 
FP7 and has the Portuguese par-
ticipation of WavEC and LNEG. 
The project will stimulate collabo-
ration in research activities leading 
towards innovative, cost efficient 
and environmentally benign off-
shore renewable energy conversion 
platforms. 
•	Project	 DEMOWFLOAT:	 a	
project to demonstrate the sustain-
ability of the WindFloat technolo-
gy deployed in Portuguese Atlantic 
waters. A consortium of European 
and North American partners will 
address the challenge of wind re-
source assessment in oceanic deep 
waters. It is funded by EC FP7 
and has the participation of LNEG 
and several Portuguese partners 

involved in the joint venture led by 
EDP. LNEG will coordinate a WP 
to address the deep offshore wind 
energy challenges.

4.2 Collaborative research 
Portugal and LNEG are active partners in 
international research efforts. The country 
participates in IEA Wind Task 25 Design 
and Operation of Power Systems with 
Large Amounts of Wind Power, and IEA 
Wind Task 27 Labeling Small Wind Tur-
bines. LNEG is the Portuguese represen-
tative in the European Energy Research 
Alliance Wind Program (EERA-Wind), 
an initiative funded by leading Euro-
pean research institutes. EERA aims to 
strengthen, expand, and optimize EU en-
ergy research capabilities.

5.0 The Next Term
Due to the Euro zone crisis, 2012 is ex-
pected to be a year adjustment. The on-
shore wind energy market was stagnant 
in 2011 when only a few megawatts 
were licensed. The key players will con-
centrate on the wind farms already built 
and turn to emergent markets like Bra-
zil or Eastern Europe. Expectations are 
high in regards to project WindFloat, 
after its deployment, the first tests and 
commissioning will take place in the 
first quarter of 2012. 
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30  Spain
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1.0 Overview
nstalled wind capacity in Spain 
reached 21,673 MW in 2011 with 
the addition of 1,050 MW, according 

to the Spanish Wind Energy Associa-
tion’s (AEE) Wind Observatory. Smaller 
growth was expected for 2011 after the 
increase of 1,515.95 MW in 2010. Spain 
is the fourth country in the world in 
terms of installed capacity and produced 
41,799 GWh of electricity from wind in 
2011.

The mandatory Pre-allocation Reg-
ister established by the Spanish central 
government has slowed wind energy 
deployment since 2010. As a result, the 

I

Table 1. Key Statistics 2011: Spain
Total installed wind generation 21,673 MW

New wind generation installed 1,050 MW

Total electrical output from wind 41.79 TWh

Wind generation as % of national electric 
demand

16.40%

Average capacity factor

Target 1. Offi  cial Network Planning 29,000 MW by 2016

Target 2. New National Renewable 
Energies Action Plan (NREAP)

38,000 MW by 2020

percent increase in capacity has been 
declining. The addition of 1,050 MW 
in 2011 represents an increase of 5.1% 
compared with a 7.9% increase in 2010.

Electrical energy demand decreased 
1.3% from 2010 to 254.78 TWh. Wind 
energy met 16.3% of this demand and 
was the fourth largest contributing tech-
nology in 2011. Other big contributors 
to the system were nuclear power plants 
(22.6%), gas combined-cycle power 
plants (19.8%) and coal (17.0%) (Figure 
1).

During 2011, the government im-
plemented new decreases to incentives 
for wind energy. The wind sector must 

share the burden of helping the country 
reduce its subsidy bill for green energy. 
Spain’s landmark renewable energy law, 
661/2007, only governs wind power 
prices for new projects through 2012. A 
draft decree sent to the national energy 
commission in September sets out the 
proposed regulations post 2012. Howev-
er, lobbyists are arguing the 2020 target 
will not be achieved if the bill is passed.

The draft bill sets rules for wind 
farms from 2013 onward and proposes 
a system of variable premiums. These 
premiums will diminish for capacity 
installed each year in excess of the an-
nual target of 1.4 GW (required to reach 
the 2020 target of 35 GW). For the first 
1.4 GW, all producers will receive a 20 
EUR/MWh (26 USD/MWh) pre-
mium over market prices. The guaran-
teed floor price will decrease from the 
current 55 EUR/MWh to 77 EUR/
MWh (71 USD/MWh to 100 USD/
MWh), and it will be reviewed annu-
ally. The draft decree also limits subsidies 
for wind projects to 12 years compared 
with the previous projects. Developers 
would receive premium payments only 
during the first 1,500 operating hours 
each year. Finally, premiums will not be 
revised in line with inflation. 

The AEE warned that these mea-
sures will introduce a level of volatility 
into support levels that could make fi-
nancing projects impossible. It claimed 
that the proposed measures will result 
in a 40% reduction in support for wind 
farms installed after 2012. Wind sector 
developers and investors in Spain, and 
across Europe, will be waiting nervously 
over the coming months to see whether 
the draft decree will be passed.

The government deferred decision 
on the draft decree to the new govern-
ment elected in November 2011. The 
conservative party won the elections and 
the first decisions will be how to end 
the national deficit created partially by 
the feed-in tariff system. A new law will 
likely come early in 2012.

During 2011, the Spanish wind sec-
tor installed about 1,050 MW, the lowest 
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Figure 1. Percentages of the 2011 power supply mix in Spain (Source: REE, AEE)

figure since 2000. Possibly the worst news 
for the sector, whose projects need from 
three to five years to mature, is that after 
December 2011, it is unclear if new proj-
ects will receive any feed-in tariff. This 
uncertainty will stop the installation of 
new wind farms for several years. 

2.0 National 
Objectives and Progress
2.1 National targets
On 11 November 2011, the new Re-
newable Energy Plan (REP 2011-2020) 
(1) was approved by the Spanish govern-
ment for the years 2011 to 2020, estab-
lishing the development framework for 
the renewable energy sector. This plan 
aims to fulfill and go beyond the EU 
objectives of covering 20% of total en-
ergy consumption by renewable sources 
by 2020. The REP 2011-2020 estab-
lishes Spanish objectives and suggests the 
measures to be implemented to reach 
the 20% goal. It includes the Spanish vi-
sion for each type of renewable energy. 
The public entity charged with imple-
menting the REP 2011-2020 is the 
Institute for Energy Diversification and 
Saving.

For wind energy, the objective for 
2020 is 35,000 MW. Offshore wind 
power is still in the early stages of devel-
opment, with R&D projects being car-
ried out. By the end of the REP 2011-
2022, it is estimated that wind energy 
will continue to be the largest renewable 
energy contributor with 35,000 MW 
(71,540 GWh/yr) onshore and 750 
MW (1,845 GWh/yr) offshore.

The REP 2011-2020 includes 87 
measures, half of which are sector-spe-
cific. The measures are divided into five 
groups:

•	Support	schemes:	new	feed-in	tar-
iffs (to be continued, adapting to the 
costs), net metering for small wind

•	Economic	 proposals:	 public	 in-
centives for investments and ac-
tivities for 2011-2020, mainly dedi-
cated to R&D projects for offshore 
wind
•	Regulation:	 new	 regulations	 will	
aim to simplify administrative pro-
cedures and authorizations, as well 
as reduce deployment times
•	Changes	 in	 energy	 related	 infra-
structures: technical interventions 
to facilitate the integration of re-
newable energy installations in the 
Spanish energy system, including 
demand management systems and 
an increase of electricity exchange 
capacities with France
•	Activities	 for	 the	 planning,	 pro-
motion, information, and training.

2.2 Progress
The electrical generation capacity in the 
Spanish mainland system increased more 
than 1,879 MW during 2011 for a total 
of 100,176 MW, according to the Span-
ish TSO Red Eléctrica de España (REE) 
(3). The technologies that contributed 
most to this growth were wind (1,050 

Figure 2. Annual and cumulative installed wind capacity in Spain

MW) and solar power (674 MW). With 
more than 21,673 MW of wind power 
installed, more than 19,450 turbines are 
operating in Spain, grouped among 930 
wind farms. The average size of an in-
stalled wind farm in 2011 was 26 MW. 

Wind energy is present in 15 of the 
17 autonomous communities (Figure 
3). Castilla-Leon has the most installed 
power among them, with 5,233 MW. 
This autonomous community has had 
the biggest growth with 462 MW add-
ed in 2011. The Valencian Community 
experienced 18.5% growth, the second 
biggest, with 183 MW installed in 2011. 
It has 1,170 MW of wind capacity. The 
third biggest growth has been in Cata-
luña with 18% (154 MW new) reaching 
1,003 MW total. Then Andalucia with 
92 MW (3.1% growth) reaches 3,367 
MW. Andalucia is followed by Astur-
ias, which added 73 MW for a total of 
428.45 MW. Then Aragon installed 50 
MW in 2011 for 1,811.31 MW total 
wind capacity. With only 26.5 MW of 
new capacity installed in 2011 in Cas-
tilla-La Mancha region, it stays in sec-
ond place with total capacity of 3,737 
MW. Castilla-La Mancha is followed by 
Navarra, which added just 8.5 MW for 
a total of 977 MW. The Canary Islands 
added 1.8 MW for a total capacity of 
146 MW. Despite having their respective 
development plans approved, the two 
communities of Galicia and Cantabria 
have not increased their wind capacity 
due to different political reasons. Only 
two autonomous regions, Extremadura 
and Madrid, have not yet installed any 
wind power capacity. However, they 
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have advanced projects and regulations 
to start wind energy activities, especially 
in the Extremadura region.

Unlike many countries with sig-
nificant wind development, Spain has 
increased its distribution throughout 
the country. Figure 3 shows wind en-
ergy development and annual growth by 
region.

The use of wind power has low-
ered CO

2
 emissions by about 22.5 mil-

lion tons during 2011. Furthermore, 
wind generation has saved up to 8.3 
million tons of conventional fuels and 
has supplied the electrical consump-
tion of more than 13.1 million Spanish 
households.

2.3 National incentive programs
To date the promotion of renewable en-
ergies has been a stable national policy. 
All political parties have had similar pol-
icies regarding support of renewable en-
ergies. The main tools within this policy 
at a national level have been as follows:

•	A	 payment	 and	 support	 mecha-
nism enacted by the Parliament 
through Electric Act 54/1997: Pro-
ducers of renewable energy sources 
may connect their facilities and 
transfer the power to the system 
through the distribution or trans-
mission grid and receive remunera-
tion in return. 

Figure 3. Wind energy capacity distributions by autonomous communities (MW)

•	The	NREAP	(2005-2010),	which	
included midterm objectives for 
each technology, has been fulfilled. 
The new NREAP (2011-2020) has 
been launched, and the intention 
is to continue guarantying tariff 
schemes.
•	Royal	 Decree	 (RD)	 661/2007	
regulates the price of electricity 
from renewable sources in Spain. 
The regulation has been in force 
since June 2007. Wind farm instal-
lations governed by previous regu-
lations (RD 436/2004) had until 
January 2009 to decide whether 
they would continue to follow 
RD 436 or choose the new RD 
661/2007.
•	Royal	Decree	Act	(RDA)	6/2009	
established a mandatory instrument 
called “Pre-allocation Register” 
where all new promotions must be 
included before obtaining the re-
quired permit. This instrument de-
fines RES progress taking into ac-
count energy prices, electricity tariff 
deficit, and network capacity.
•	To	 facilitate	 the	 integration	 of	
wind energy into the grid, supple-
mental incentives are based on 
technical considerations (reactive 
power and voltage dips). These 
incentives apply only for existing 
wind farms (after January 2008), 

and it is mandatory to satisfy Grid 
Code P.O.12.3. 

Payment for electricity generated by 
wind farms in Spain is based on a feed-
in scheme. The owners of wind farms 
have two options: 

1) A regulated tariff scheme: pay-
ment for electricity generated by a wind 
farm is independent of the size of the 
installation and the year of start-up. For 
2011, the value was 79.08 EUR/MWh 
(94.84 USD/MWh). The update was 
based on the Retail Price Index minus 
an adjustment factor.

2) A market option: payment is cal-
culated as the market price of electric-
ity plus a premium, plus a supplement, 
minus the cost of deviations from en-
ergy forecasting. There is a lower limit 
to guarantee the economic viability 
of the installations and an upper limit 
(cap and floor). For instance, the values 
for 2011 are reference premium 20.142 
EUR/MWh (24.170 USD/MWh), 
lower limit 76.975 EUR/MWh (92.37 
USD/MWh), and upper limit of 91.737 
EUR/MWh (110.884 USD/MWh).

A new order ITC/3353/2010 es-
tablished the access fees from 1 January 
2011 and the rates and premiums (feed-
in tariffs) for the wind installations in-
cluded in the RD 661/227.

Finally a new Royal Decree 
1699/2011 was approved in November 
to regulate the grid connection of small 
power production facilities (up to 100 
kW). This new act will be decisive for 
the development of small wind genera-
tion for the owners' use. To facilitate the 
economic feasibility of these small gen-
erators, a new net balance based support 
scheme is under development. 

2.4 Issues affecting growth
The economic slowdown affected the 
wind industry in 2011. In addition, the 
application of the “Pre-allocation Reg-
ister” has limited wind energy develop-
ment. As a result, wind turbine produc-
tion in Spain is declining and more than 
5,000 jobs have been lost. Installations in 
2012 may be as low as 1,000 MW. 

3.0 Implementation
3.1 Economic impact
The number of installations during 2011 
demonstrates the maturity of the wind 
industry, which has increased despite 

Spain
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worldwide financial crisis and deploy-
ment of the Pre-allocation Register in 
Spain. Installing and operating wind 
plants to cover 16.4% of the Spanish 
electrical demand implies a huge ac-
complishment by the developers and 
manufacturers.

3.2 Industry status 
During 2011, the largest manufacturers 
were Gamesa (461.15 MW new capac-
ity), Vestas Wind Power (207.4 MW new 
capacity), GE Wind (163.44 MW new 
capacity), Acciona Wind Power (102 
MW new capacity), Alston Wind (68.11 
MW new capacity), and Siemens Wind 
Power (48 MW new capacity). 

Gamesa is still the top manufac-
turer in Spain with 11,510.16 MW to-
tal wind capacity installed (53.1% of the 
total wind capacity installed). In the sec-
ond position is Vestas Wind Power with 
3,733.49 MW total wind capacity in-
stalled (17.2% of the total wind capacity 
installed), and Alston Wind moved into 
third place with 1,629.54 MW (7.5% 
of the total wind capacity installed). The 
Spanish manufacturer Acciona Wind 
Power is in the fourth position with 
1,556.13 MW (7.2% of the total wind 
capacity installed). 

Several manufacturers are develop-
ing small wind turbines from 3 kW to 
100 kW for grid-connected applica-
tions, and two manufacturers are work-
ing on mid-sized wind turbine proto-
types from 150 kW to 300 kW (Electria 
Wind And ADES).

Iberdrola Renovables, the larg-
est Spanish utility, has the largest ac-
cumulated capacity (5,327.65 MW) 
thanks to the addition in 2011 of 
101.08 MW. However, the company in-
stalled more than 1,059 MW outside of 
Spain in 2011, leading the wind power 

Figure 4. Installed wind capacity in 2011 by manufacturer (in MW and percentages)

installations and total capacity among 
the leading international developers.

Acciona Energy, in second place, has 
accumulated capacity of 4,164.32 MW 
with 127.50 MW installed in 2011. Also, 
this Spanish developer installed around 
524 MW in other countries in 2011. 
The Portuguese company EDPR, with 
1,997.6 MW total, installed 155.01 MW 
during 2011. The Italian utility Enel 
Green Power España is in the fourth po-
sition with a total capacity installed of 
1,380.50 MW with 129.45 MW installed 
in 2011. Several other developers have in-
stalled wind power in 2011 (Figure 5).

3.3 Operational details
The number of wind turbines in Spain 
increased by more than 580 in 2011, 
and the total number of turbines is more 
than 19,606 units. The average size of a 
wind turbine installed in 2011 was 1.8 
MW and the average size of the total in-
stalled capacity is 1.1 MW.

Wind turbines operating in Spain 
show important seasonal behavior. An-
nual electricity generated by wind farms 
was more than 41,661 GWh. During 
2011, equivalent hours at rated power 
were slightly higher than 1,800 hours 
for all of the wind farms. This shows that 
2011 was not a good wind resource year 
overall. However on several occasions, 
wind power exceeded previous histori-
cal instantaneous power peaks and maxi-
mum hourly and daily energy produc-
tion. On 6 November 2011 (2:00 am), 
59.6% of total power demand was cov-
ered by wind energy. 

Regulations for the grid code have 
been completed successfully. Every wind 
farm is assigned to a control center and 
only 30% of wind capacity has not com-
plied with the low voltage ride-through 
requirement.

3.4 Wind energy costs
In spite the price increases for some raw 
materials used in wind turbines, the in-
creased use of large wind turbines (2 
MW of nominal power), the excess of 
available main components, and the cur-
rent limited demand for wind turbines, 
prices for wind generators have de-
creased. The official cost at the factory 
during 2011 in Spain was about 820 
EUR/kW (1,000 USD/kW). 

4.0 R, D&D Activities
4.1 National R&D efforts
The R&D activities in Spain are struc-
tured in Research, Development, and 
Innovation programs funded by the 
central government and by the govern-
ments of the autonomous communities. 
The Spanish national R&D plan covers 
2008 to 2011. It is based on the national 
science and technology strategy instead 
of thematic areas as in previous plans. 
The national has a basic research pro-
gram and a national innovation strategy 
(e2i). The basic research program is not 
oriented research and the leaders are 
researchers from universities and public 
and private R&D centers.

The national innovation strategy has 
integrated actions to promote innova-
tion. The innovation plan (INNOVAC-
CION) was developed to implement 
the innovation strategy and two pro-
grams (INNFLUYE and INNPACTO) 
are designed to stimulate public-private 
collaboration.

The INNPACTO Program pro-
motes stable collaboration between the 
productive sector and the agents of re-
search, development, and innovation. It 
also guides R&D demand. Projects can 
be awarded to companies (public and/or 
private companies, small medium enter-
prises, or big companies), public research 
organisms, technological centers, uni-
versities, R&D centers, etc. At least 60% 
of the budget for these projects should 
be covered by the companies and a 
minimum of 20% covered by the R&D 
agents. The project must last from two to 
four years and have a minimum budget 
of  700,000 EUR (900,000 USD). The 
idea is to promote experimental devel-
opment projects. In 2011, a special allo-
cation of 200 million EUR (258 million 
USD) was made for energy projects. The 
energy special allocation received 138 
proposals with 80 projects approved and 
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Figure 5. Total MW and percentage of installed wind capacity by developer at the 
end of 2011

funded. Only 12 projects dealing with 
wind energy were funded (12% of the 
total funding). Eight projects concerned 
onshore wind, three offshore wind, and 
one small wind. Some of these IN-
NPACTO projects granted in 2011 are 
described below.

SUPERTURBINES Project
The SUPERTURBINES Project 

will develop and demonstrate a new 
10-MW superconductor wind turbine 
to provide increased power generators 
for future wind farms on land and off 
shore. The project will define specifica-
tions and requirements of the super-
conductive generator, design the new 
wind turbine concept, and design the 
demonstration machine, develop and 
validate the demonstration machine and 
conduct tests and prepare final conclu-
sions. The project goes from July 2011 
to December 2014 with a budget is 1.5 
million EUR (1.9 million USD). The 
participants are ACCIONA Energy, AC-
CIONA Wind Power, and TECNALIA.

WETSITE Project
The WETSITE Project will develop 

methodologies, tools, and guidelines for 
use in deep water offshore wind. Spain 
has significant energy resources avail-
able in demanding marine operating 
environments where current technol-
ogy cannot meet the challenges. This 
project brings a multidisciplinary con-
sortium involving both research centers 
and companies with experience in wind 
and marine power. The consortium is 
composed by ACCIONA Windpower 
Inc, Tecnoambiente and Technology 
centers as TECNALIA Foundation for 

Research and Innovation, AZTI and 
National Renewable Energy Centre 
(CENER). The funding is 2.45 million 
EUR (3.2 million USD). 

FLOAT SOLUTIONS Project
The FLOAT SOLUTIONS project 

will develop and validate innovative so-
lutions for very high wind turbines for 
future offshore wind developments. The 
project plan has four activities:

1) Aeroelastic/hydrodynamic tank 
testing definition (CEHPAR Model) 
to improve the testing methodology of 
scaled models of floating wind turbines. 
The system will be improved to intro-
duce aerodynamic loads in the scaled 
wind turbine during the tests. 

2) New logistic processes develop-
ment, studies, and simulation of opera-
tions. This activity comprises the analysis 
of different manufacturing and logistic 
processes, installation of offshore plat-
forms under certain boundary condi-
tions, and different scenario and analysis 
conditions for the implementation of 
proper land, port, and maritime condi-
tions. It also will establish a procedure 
to install the mooring lines of the wind 
turbine as simple convenient, safe, and 
low cost as possible.

3) New manufacturing processes, 
optimized production of structures. The 
will optimize the wind turbine support 
structure through new manufacturing 
processes or by optimizing the structures 
for more precise knowledge of loads to 
reduce cost.

 4) Dynamic design of the cable. 
This activity will develop a cable with 
some technical features to withstand 
the stress, motion, and energy transport, 

generated in offshore platforms. This 
activity seeks to design the cable, set its 
properties, define the simulation param-
eters, establish cable qualification tests, 
and analyze the interaction of the cable 
with the floating structure. The project 
will last from April/2011 to December 
2012, with a budget of 2.3 million EUR 
(2.9 million USD). The partnership is 
composed by ACCIONA Energía, AC-
CIONA Windpower, TECNALIA, 
General Cable, CENER, Vincinay Ca-
denas and Engineea.

MONOPALA Project
Design and development of a new 

2-MW, single-blade wind turbine with 
balanced torque. The scientific and tech-
nological objective of the project is the 
design and development of a 2-MW 
rated power wind turbine with com-
pensated torque. Partnership: ADES and 
AITIIP Technological center. Duration: 
2011-2014. 

ROTORES MONOPALA Project
The project will develop and manu-

facture a high-speed, single-bladed ro-
tor for wind turbine applications. This 
rotor will have better characteristics of 
weight and level of finish than previous 
designs for similar configurations, also in 
terms of power rating, loads, stability, and 
acoustic noise emissions. Partnership: 
ADES and AITIIP Technological Center 
and Composites Aragon S.L. The dura-
tion of this project from 2011 to 2013.

TEEV Project
Experimental development project 

of a new concept of a vertical axis wind 
turbine adapted to urban environments. 
This project will develop a low-cost, small 
wind turbine without major maintenance 
requirements. Although it will have low-
er efficiency than those installed in large 
wind farms, it will be capable of exploit-
ing the available wind resources in popu-
lated areas. This wind resource is not very 
favorable because of the complexity of 
the sites. The partnership includes PRO-
EMISA S.L:, INGEVAL and Universidad 
Politécnica of Valencia.

The strategic consortia for techni-
cal research sub program, which was 
launched to increase the collaboration 
between companies and research cen-
ters, there are clearly defined objectives: 
to build capacities in private strategic 
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consortiums, to address technical chal-
lenges, and to make these companies 
leaders in innovative technologies. The 
leaders of the consortiums must be mar-
ket leaders with interest to develop in-
novative technology for the future. Most 
of the funding available is as grants to 
the companies (up to 50% of the total 
budget). The balance must be funded 
by the companies themselves. The pub-
lic research centers and private research 
centers must be subcontracted by the 
companies.

In this subprogram, the most impor-
tant instrument is called INNPLANTA 
(former CENIT projects). It finances 
large, integrated industrial research proj-
ects of a strategic nature, that develop 
new technologies with economic and 
commercial prospects at the internation-
al level. This INNPLANTA Program is 
carried out by the Center for Industrial 
Technological Development (CDTI) 
from the Spanish Ministry of Science 
and Innovation. It is a Spanish govern-
ment program to increase investment in 
R&D for both public and private initia-
tives over the next few years, with the 
objective of reaching 2% of GPD. The 
program CENIT started in 2006, and so 
far four R&D projects were approved: 
Windlider 2015 (completed), Eolia 
(completed), Ocean-Líder (in progress), 
and Azimut (in progress).

The “support actions” subprogram is 
funding the Spanish Wind Power Tech-
nological Platform REOLTEC. RE-
OLTEC has an important role in the 
coordination and definition of Spanish 
R&D activities in wind energy (4). RE-
OLTEC was created with the support of 
the Spanish Ministry of Education and 
Science as a place for exchange of ideas 
among all Spanish R&D entities to de-
fine priorities. In addition, it establishes 
procedures for optimizing the acquisition 
of forecasted results, and it establishes 
priorities in wind energy R&D to ad-
vise the government. Those priorities are 
studied by working groups that focus on 
wind turbine technology, wind resources 
and site assessment, grid codes, certifica-
tion and standardization, offshore wind 
farms, applications, environmental affairs, 
and social acceptance studies.

The ‘HiPRWind’ project is develop-
ing specific elements to support float-
ing structures for offshore turbines in-
stalled in high wind power platforms. 

It is a research umbrella that comprises 
the FP7 European Union funding for 
the HiPRWind project by itself, and 
it also has co-funding by the Span-
ish government through the project 
titled “FLOATING WINDTURBINE 
STRUCTURE: Specific elements that 
allow a floating Wind Turbine.” This 
project gives additional support for some 
validation tests, mainly basin tests and 
also some research and development in 
areas not contemplated or funded by the 
FP7 HiPRWind project. 

The two projects described above 
were approved in September 2011 un-
der the Spanish INNPACTO Call. They 
cover site assessment (Ocean and Meteo 
conditions), the “WETSITE” Project, 
and the “Float SOLUTIONS” Project, 
to design  dynamic cables with clear 
focus on the needs of the HiPRWind 
floating wind turbine. 

Additionally, a bilateral project 
known as “FloatMET” is developing a 
new type of floating met station (over 
70 m height) for deep water applica-
tions. It will involve the fabrication and 
installation of a floating met mast at the 
same site where the HiPRWind floating 
wind turbine will be installed. The aim 
is to assess the resource, follow the effi-
ciency of the HiPRWind turbine, pro-
vide information over the power curve 
of floating wind turbines, and define a set 
of standards for the use of measuring de-
vices. This project has been launched by 
Acciona Energia (leader) and Navantia 
(biggest Spanish ship builder), and D2M 
(small-medium enterprise), Leosphere 
(small-medium enterprise) and Vincinay 
Cadenas as collaborators. Funding comes 
from the Spanish agency CDTI.

It also important to highlight the 
“FloatGEN” project, with FP 7 Eu-
ropean funding, which aims to install, 
test, and evaluate three different float-
ing wind turbines. This project leaded by 
Gamesa and Alston Wind and Acciona 
Wind Power as wind turbine manufac-
turers, with different floating platforms 
designed in collaboration with Navantia 
(potential platform would be built in the 
Navantia Shipyard), Blue H Technolo-
gies, Olav Olsen, Frauhoffer Institute, 
University of Stuttgart, RSk Environ-
ment and Green novate Europe is going 
to start in 2012 and the duration is four 
years. This project has a budget of  36.5 
million EUR (47.2 million USD), with 

a grant of 19.6 million EUR (25.4 mil-
lion USD).

In Spain there are also R&D&I 
projects funded by the autonomous 
communities. A good example of this 
the “FLOTTEK” project, which is a 
new source of energy based on deep 
sea offshore wind energy. The Basque 
country autonomous government funds 
this project through the program called 
ETORGAI with a grant of  1.37 mil-
lion EUR (1.77 million USD). The 
project budget of 4.4 million EUR (5.7 
million USD) is going to be finished 
in 2012. The company leader is Game-
sa and the consortium is composed 
by	 Iberdrola	 Ingeniería	 y	 construcció,	
Lemona Industrial, Vincinay Cadenas, 
Ormazabal, ECN, and Itsaskorda.

Two new research facilities are un-
der development, and several interesting 
facilities were operating in 2011.

CENER Experimental Onshore 
Wind Farm:

This new test facility operated by 
CENER is located in Aoiz (Navarra). 
The topography is complex terrain and 
there are six calibrated positions to in-
stall prototypes of large wind turbines 
up to 5 MW each (separation of 280 m), 
and five additional meteorological tow-
ers, 120 meters high. The main purpose 
of this facility is to test prototypes and 
certify wind turbines. The experimen-
tal wind farm has continuous operation 
measurement instrumentation, offices 
for clients, and meeting rooms. It has 
been carefully studied, characterized, and 
analyzed to offer the best conditions for 
prototypes.

ZÈFIR Offshore Wind Turbine Test 
Station: 

This new offshore test station is still 
under development by the Catalonia 
Institute for Energy Research (IREC). 
This activity will develop and set up 
a deep-sea offshore Wind Turbine Test 
Station off the coast of Tarragona (Spain) 
to test new technology so that it can be 
marketed. This important initiative will 
stimulate the collaboration between ma-
jor research centers, the industry, and 
universities.

The development is structured in 
two phases. Phase 1: Four bottom-fixed 
turbines will be installed with a maxi-
mum total capacity of 20 MW, 3 km off 
the coast and at 40 m water depth. Con-
struction is planned for fourth quarter 
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2012. Phase 2: Eight wind turbines will 
be installed using floating technology 
with a maximum total capacity of 50 
MW, 30 km off the coast, at 110 m wa-
ter depth. Construction is planned for 
fourth quarter 2013. Within this phase, 
a project has been submitted to the EU 
NER300 Program for funding. The 
project is lead by IREC and Gamesa, 
Alston Wind and Acciona Windpower 
as partners; has a budget of  80 million 
EUR (103 million USD); and will con-
tinue for five years (2015-2020).

Biscay Marine Energy Platform 
(BIMEP):

The objective of BIMEP is to of-
fer an open sea test infrastructure for 
research and demonstration of offshore 
wave and wind energy converters. The 
facility can test full-scale prototype de-
vices as single devices or arrays to assess 
and monitor performance. The funding 
source is the Basque country govern-
ment through regional funds assignment 
as a funding mechanism.

Centro de Desarrollo de las Energías 
Renovables: 

The small wind test laboratory of 
CEDER-CIEMAT, located a few ki-
lometers from the city of Soria (Spain), 
can test small wind turbines up to 50 
kW (power performance curve, acous-
tic noise emissions, duration test, and 
operation and function tests) in several 
test sites (class I/II). It can also test wind 
turbine blades up to 10 m length (static 
and fatigue test) in a fully instrumented 
blade test bench. Full-scale blade testing 
provides structural information to opti-
mize and improve manufacturer’s designs 
and is a requirement for many certifica-
tion standards.

4.2 Collaborative research
Spain is active in international research 
efforts and bilateral agreements. The 
government R&D program supports 
experts in Spain who lead IEA Wind 
Task 11 Base Technology Information 
Exchange, Task 27 Labeling Small Wind 
Turbines, and most recently Task 31 

Wakebench: Benchmarking Wind Farm 
Flow Models, a new task lead by Span-
ish experts in wind flow modeling in 
complex terrain.

5.0 The Next Term
Expectations for the Spanish wind en-
ergy industry for 2012 are not very op-
timistic. If the slowdown in 2011 was 
caused by funding problems related to 
the financial crisis and by the Regis-
ter of Pre-Assignment, created by the 
central government to control more 
precisely the RES capacity growth, the 
forecast of the coming situation is even 
worse. Because the high national defi-
cit created partially by the feed-in tariff 
cost must be reduced, a potential deci-
sion of the government could be the 
temporally suspension of the support 
scheme. This decision will be dramatic 
for the wind sector until a new support 
scheme is developed. This situation will 
push the Spanish wind sector even more 
to the internationalization. During 2012 
and coming years, technology and instal-
lation costs are expected to be lower to 
compete in the marketplace. 

The price of electricity is likely to 
remain flat in 2012, because of excess 
installed power capacity and reduced 
power demand. However, the depen-
dence of the Spanish energy sector on 
imported fuel could result in increased 
electricity prices if prices of that fuel 
rise.

The new NREAP 2011-2020 and 
the REP approved in 2011 with new 
objectives and tariffs will start slowly 
because of the economic situation and 
the deficit created by the existing sub-
sidy scheme based on the feed-in tariff. 

If this situation is overcome, it is realistic 
to estimate that 35,000 MW of onshore 
and 750 MW of offshore wind capacity 
could be operating by 2020, providing 
close to 30% of Spain’s electricity.
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31  Sweden

Table 1. Key Statistics 2011: Sweden
Total installed wind generation  2,899 MW

New wind generation installed  755 MW

Total electrical output from wind  6.19 TWh

Wind generation as % of national electric 
demand

4.4 %

Average capacity factor

Target: 30 TWh of wind generation by 2020

Source: Brian Domino

1.0 Overview
he new wind energy installa-
tions in 2011 had a capacity of 
755 MW (604 MW were in-

stalled in 2010). The goal is to increase 
renewable generation by 25 TWh com-
pared to the level in 2002 by 2020. A 
major part of wind power research fi-
nanced by the Swedish Energy Agency 
is carried out in the research programs 
Vindforsk III, Vindval, and the Swedish 
Wind Power Technology Center (SW-
PTC). The technical program Vindforsk 
III runs from 2009 to 2012 and has a 
total budget of about 80 million SEK 
(8.6 million EUR; 11.1 million USD). 
Vindval is a knowledge program fo-
cused on studying the environmental 
effects of wind power. Vindval runs be-
tween 2009 and 2012 with a budget of 
35 million SEK (3.8 million EUR; 4.9 
million USD). The SWPTC at Chalm-
ers institute of technology runs between 
2010 and 2014 and has a total budget of 
100 million SEK (11 million EUR; 14.2 
million USD). The center focuses on 
complete design of an optimal wind tur-
bine which takes the interaction among 
all components into account. 

2.0 National 
Objectives and Progress 
In 2008, the Swedish government ex-
pressed a planning target of 30 TWh 
wind power by 2020, comprised of 20 
TWh onshore and 10 TWh offshore. 
Within the electricity certificate system 
the goal is to increase renewable elec-
tricity generation by 25 TWh compared 
to the level in 2002. Electricity gen-
eration from wind power has increased 
from 3.5 TWh in 2010 to 6.1 TWh in 
2011 (Figure 1).

The Swedish electricity end use in 
2011 was 139.2 TWh, an increase of 
about 1% compared to 2010. The wind 
power electricity generation share is 
now 4.4% 

2.1 National incentive programs
There are two main incentive programs 
for the promotion of wind power: 

T

electricity certificates and support for 
technical development in coordination 
with market introduction for large-scale 
plants offshore and in arctic areas. The 
work done in assessing areas of national 
interest for wind power can also be con-
sidered a sort of “soft incentive.”

2.1.1 Electricity Certificates

The electricity certificate system came 
into force on 1 May 2003, and it is in-
tended to increase the production of 
renewable electricity in a cost-efficient 
way. The increased deployment of re-
newable electricity generation will be 
driven by stipulated quotas that are 

increased annually, as well as by a quota 
obligation fee. The principle is that there 
should be sellers and purchasers of cer-
tificates, and a market to bring them to-
gether. There are no specific quotas for 
wind power. Electricity producers re-
ceive a certificate from the state for each 
megawatt hour of renewable electricity 
that they produce. This certificate can 
be sold to provide additional revenue 
above the sale of the electricity, improv-
ing the economics of electricity produc-
tion from renewable energy sources and 
encouraging the construction of new 
plants for the purpose. The demand for 
certificates is created by a requirement 
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Figure 1. Installed wind power capacity in Sweden 1991 to 2011

under the Act that all electricity suppli-
ers and certain electricity users purchase 
certificates equivalent to a certain pro-
portion of their electricity sales or use, 
known as their quota obligation. The 
price of certificates is determined by 
supply and demand, and it can vary from 
one transaction to another.

2.1.2 Support for technical development

In 2003, the Swedish Energy Agency 
launched a program to support techni-
cal development, in coordination with 
market introduction, for large-scale plants 
offshore and plants in arctic areas. The aim 
is to stimulate the market, achieve cost 
reduction, and gain knowledge about en-
vironmental effects. For the years 2003 to 
2007, the budget was 350 million SEK 
(38 million EUR; 49 million USD). The 
market introduction program has been 
prolonged another five years with an ad-
ditional 350 million SEK (38 million 
EUR; 49 million USD) for the period 
2008 to 2012. The projects funded up to 
date are shown in Table 2.

2.1.3 Areas of national interest

According to the environmental code, 
land and water areas shall be used for 
the purposes for which the areas are 
best suited in view of their nature, the 
situation, and the existing needs. Priority 
shall be given to the use that promotes 
good management from the point of 
view of public interest. These are areas 
of national interest for fishery, mining, 

nature preservation, outdoor recreation, 
wind power, etc.

2.1.4 Network for wind utilization (1)

The Swedish Energy Agency is the ex-
pert authority appointed by the govern-
ment to promote the development of 
wind power, taking a holistic approach 
to encouraging the rapid expansion of 
wind power. Therefore, the Swedish En-
ergy Agency has started a national net-
work for wind utilization. A national 
network important for putting to use 
the opportunities offered by the expan-
sion of wind power for local and re-
gional development. The purpose of the 
network is to disseminate knowledge of 
the natural resource of wind, safeguard 
the availability of information for facili-
tating the expansion of wind power, and 
support regional initiatives of national 
importance. An essential part of the net-
work is to strengthen existing initiatives 
and contribute to the formation of new 
regional nodes in the field of wind pow-
er. An important task is also to coordi-
nate other authorities in their work on 
wind power. 

2.1.5 Vindlov.se (2) 

One of the key obstacles prolonging 
the permission process for wind power 
is the huge number of stakeholders in 
the process. Hence information a de-
veloper must consider is widespread, of 
different formats and quality, or simply 
is not accessible. Furthermore staying 

up-to-date on this information requires 
considerable amounts of work. In this 
process some stakeholders might also be 
overlooked.

The website Vindlov.se (i.e. wind 
permit), takes a unique approach to tar-
get this bottleneck. The website follows 
the concept of a one stop shop provid-
ing joint service of information on per-
mitting issues from nearly twenty public 
authorities from a wide range of sectors. 
This includes permission information 
over the whole life cycle of wind power 
and features a dynamic web map appli-
cation as well as contact tools to wind 
power handlers at all authorities. Further 
development is planned and an English 
version is in progress.

The dynamic web map application 
(www.vindlov.se/kartstod) enables the 
wind power developer to view, share, 
and attach up-to-date public geographic 
information to a project without being 
a specialist in Geographic Information 
Systems. The service is free and can also 
be accessed via a so called WMS service 
in order to easily combine own wind 
park layouts and localizations with pub-
lic stakeholder interests and basic condi-
tions for wind power. This includes a set 
of different administrative boundaries 
and a detailed base map as well as wind 
speed charts, weather radars and protec-
tion zones, restricted areas around mili-
tary airports and training fields, national 
interest areas of different kinds, elec-
tricity trunk lines, valuable natural and 
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Table 2. Projects with support from the market introduction program
Project Recipient company Support Location Estimated production and 

estimated year of operation

Lillgrund Örestads vindkraftpark AB 
(owned by Vattenfall)

213 million SEK
(23 million EUR; 29 million 
USD)

Offshore 330 GWh; operating since 
late 2007

Vindpark Vänern Vindpark Vänern Kraft AB 40 million SEK
(4.3 million EUR; 5.6 million 
USD)

Largest 
Swedish 
lake

89 GWh; operation in 2009

Uljabouoda Skellefteå Kraft AB 35 million SEK
(3.8 million EUR; 4.9 million 
USD)

Onshore 
arctic

100 GWh (2008)

Kriegers Flak Sweden Offshore Wind AB 
(Vattenfall AB)

9.45 million SEK (1 million 
EUR; 1.3 million USD)

Offshore No production. Only 
development program, 
reported

Storrun Storun AB 26.25 million SEK (2.8 million 
EUR; 3.6 million USD)

Onshore 80 GWh; 2009

Large scale wind power in 
northern Sweden

Svevind AB 115 million SEK (12.4 million 
EUR; 16 million USD)

Onshore 197 GWh; 2009-2011

Large scale wind power in 
southern Swedish forests

Arise Windpower AB 50 million SEK (5.4 million 
EUR; 6.9 million USD)

Onshore 140 GWh; 2009-2010

Large scale wind power in 
highland areas

O2 Vindkompaniet 72.5 million SEK (7.8 million 
EUR; 10.1 million USD)

Onshore 260 GWh; 2011

Havsnäs NV nordisk Vindkraft AB 20 million SEK (2.2 million 
EUR; 2.8 million USD)

256 GWh; 2009-2010

Vindval 35 million SEK
(3.8 million EUR; 4.9 million 
USD)

Environmental research 
program

Figure 2. Large scale wind power in highland areas, O2 Vindkompaniet (Photo: Brian 
Domino)

cultural environments, and concession 
areas for mineral excavation.

3.0 Implementation 
The expansion of wind power onshore 
is mostly driven by large utilities like 
Vattenfall and E.ON but also by others. 
A number of utilities, developers, real es-
tate companies, and private persons are 
developing small and large projects.

The large, international manufactur-
ers of turbines, Enercon, Nordex, Vestas, 
and others have sales offices in Sweden. 
On the component side (supply chain), 
the value of manufactured goods is large. 
The market consists of subcontractors 
such as SKF (roller bearings and moni-
toring systems), ABB (electrical com-
ponents and cable), Vestas Castings (for-
merly Guldsmedshytte Bruk AB), Dy-
navind (tower production), and EWP 
Windtower Production. Other com-
panies worth mentioning are Oiltech 
(hydraulic systems and coolers), Nexans 
(cables), and ESAB (welding equip-
ment). The subcontractors are mainly 
multinational companies, but smaller 
entities that find the wind power market 
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relevant to their know-how are also es-
tablished in Sweden.

3.1 Operational details
Wind power in mountainous terrain 
and cold climates is gaining more and 
more interest. Northern Sweden ex-
hibits many such areas, where the wind 
potential is high. Wind turbines in the 
northern part of Sweden are facing a 
number of challenges not seen in areas 
with warmer climates. One such chal-
lenge is the risk of ice on the wind tur-
bine blades, which will reduce produc-
tion and may result in falling ice. Expe-
riences from operation of wind power 
in cold climates indicate that energy 
losses due to ice buildup on wind tur-
bine blades can be substantial, see also 
information in IEA Wind Task 11 base 
technology information exchange. It is 
a general understanding that wind tur-
bines in such areas have to be equipped 
with special cold climate packages. Such 
packages may include special steel quali-
ties in towers and nacelle structures, and 
special types of oil and grease. The most 
essential thing is to equip blades with 
equipment for de/anti icing. To support 
the deployment in cold areas the Swed-
ish Energy Agency is supporting a num-
ber of projects financially (Table 2).

In addition to pilot projects, Vattenfall 
has inaugurated the StorRotliden wind 
farm, consisting of 48 machines with a to-
tal installed capacity of 78 MW. The expe-
rience from one year of operation is that 
production losses can be considerable. De-
icing and anti-icing equipment may help 
alleviate such losses.

4.0 R, D&D Activities
Publicly funded wind energy research in 
2011 was mainly carried out within the 
Vindforsk (3), Vindval (4), and SWPTC 
(5) research programs. The present phase 
of Vindforsk (Vindforsk III) runs from 
2009 to 2012, with a total budget of 
20 million SEK/yr (2.2 million EUR/
yr; 2.9 million USD/yr). The program 
is financed 50% by the Swedish Energy 
Agency and 50% by industry. Vindforsk 
III is organized in four project packages: 
The wind resource and establishment; 
cost effective wind power plant and de-
sign; optimal running and maintenance; 
wind power in the power system.

The SWPTC runs from 2010 to 
2014. The program is financed by the 
Swedish Energy Agency, by industry, and 
by Chalmers University. SWPTC has 
organized its work in five theme groups: 
power and control systems; turbine and 
wind load; mechanical power transmis-
sion and system optimization; struc-
ture and foundation; maintenance and 
reliability.

Vindforsk, Vindval, and SWPTC to-
gether invited interested actors to a con-
ference where researchers and organiza-
tions participated and presented research 
projects. During 2011, intensive work 
was carried out by applicants, steering 
groups, and the Vindforsk and SWPTC 
organization to formulate and start up 
new research projects.

The Vindval program is financed 
by the Swedish Energy Agency and is 
administrated by the Swedish Environ-
mental Protection Agency. Vindval’s ob-
jective is to facilitate an increase in the 
expansion of wind power by compiling 
basic data for environmental impact as-
sessments and permit application pro-
cesses. During 2008, the program was 
extended through 2012 with a new 
budget of 35 million SEK (3.9 million 
EUR; 5 million USD). Within this time 
period, the program includes new en-
vironmental studies in important fields 
such as: social studies; animals in the for-
ests; and effects on economic areas like 
reindeer farming, nature tourism, and 
outdoor recreation. Other important 
areas will be to synthesize and spread 
information to important actors in the 
industry about the effects from wind 
power development.

Some of the projects in these pro-
grams and other R&D projects that 
have been funded include the following: 

•	Wind	 turbine	drive	 train	dynam-
ics, system simulation, and accel-
erated testing. The project deals 
with the development of methods, 
mathematical models and validated 
computational tools for advanced 
analysis of drive train dynamics and 
load transmission in multi-MW 
wind turbines.

•	Aerodynamic	 loads	 on	 rotor	
blades. The project will develop 
computational methods for predict-
ed unsteady aerodynamic loads on 
wind turbine rotor blades.
•	Load-	and	risk-based	maintenance	
management for wind turbines. 
The project aims to reduce the 
overall costs of maintenance man-
agement of wind turbines.

5.0 The Next Term
The research programs Vindval, Vind-
forsk, and SWPTC continue with new 
research projects in 2012. The Vindval 
research program will also continue syn-
thesizing and spreading knowledge. A lot 
of the expected growth in wind genera-
tion capacity will be in forest areas and 
also in the northern parts of Sweden in 
the “low-fields.” The interest in those 
regions is prompted by the rather good 
wind potential as estimated by Swedish 
wind mapping. Substantial uncertainty, 
however, exists in the energy capture 
and loads of turbines in forested areas. 
The character of wind shear and turbu-
lence is less explored in these areas and 
projects in the coming research program 
will be set up to increase the knowledge 
in this area. The SWPTC activities will 
continue developing wind turbines and 
to optimize maintenance and produc-
tion costs. 

References and notes:
(1) www.natverketforvindbruk.se/
(2) www.vindlov.se
(3) www.vindenergi.org/
(4) http://www.naturvardsver-

ket.se/sv/Start/Verksamheter-med-
miljopaverkan/Energi/Vindkraft/
Vindval/

(5) http://www.chalmers.se/ee/
swptc-en/ (English)

Authors: Andreas Gustafsson, Swed-
ish Energy Agency; and Sven-Erik Thor, 
Vattenfall Vindkraft AB, Sweden.
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Table 1. Key Statistics 2011: Switzerland
Total installed wind generation 45.5 MW

New wind generation installed 3.2 MW

Total electrical output from wind 0.07 TWh

Wind generation as % of national electric 
demand

0.1%

Average capacity factor <20%

Target: 0.6-1.2 TWh/yr in 2030

32  Switzerland

1.0 Overview 
y the end of 2011, 30 wind tur-
bines of a considerable size were 
operating in Switzerland with 

a total rated power of 45.5 MW. These 
turbines produced 70 GWh of electric-
ity. Since 1 January 2009, a cost-covering 
feed-in-tariff (FIT) for renewable energy 
has been implemented in Switzerland 
(1). This change of policy in promoting 
wind energy led to a boost of new wind 
energy projects. Financing was requested 
for additional 1,938 MW under the FIT 
scheme. Due to various obstacles in the 
planning procedures and acceptance is-
sues, only two new turbines with a rated 
power of 3.2 MW were installed in 2011 
(opening photo: Feldmoos turbines).

In Switzerland, an ancillary in-
dustry for wind turbine manufactur-
ers and planners has developed, which 
acts mainly on an international level. 
The total turnover is about 1.4 million 
EUR (1.88 million USD). Wind energy 
research is conducted by the public re-
search institutions, such as the Swiss 
Federal Institute of Technology in Zu-
rich (ETHZ), as well as by experienced 
private companies. Research activities 
are internationally cross-linked, mainly 
in the fields of cold climate, turbulent 
and remote sites, and social acceptance.

2.0 National 
Objectives and Progress 
2.1 National targets
With the introduction of the FIT, one 
of the goals of Switzerland's energy 
policy is to increase the proportion of 
electricity produced by “new” renew-
able energy (without large-scale hydro) 
by 5,400 GWh, or 10% of the country's 
present-day electricity consumption, by 
2030 (Figure 1). Wind energy should 
contribute 600 to 1,200 GWh to these 
targets. The Swiss wind energy concept 
(plan) also identifies the calculated wind 
energy potential for Switzerland, based 
on the real existing wind conditions 
on the sites and on the possible num-
ber of plants to be installed. The poten-
tial is outlined by time horizons: Time 

B

horizon 2020: 600 GWh; Time horizon 
2030: 1,500 GWh; Time horizon 2050: 
4,000 GWh (2).

2.2 Progress
Today, approximately 56% of Switzer-
land's overall electricity production 
comes from renewable sources, with 
hydropower by far the biggest contribu-
tor (96.5%). In 2011, two turbines were 
put in operation with an average rated 
power of 1.6 MW (opening photo). In 
total, 30 wind turbines of a considerable 
size are installed with a rated capacity 
of 45.5 MW. These turbines produced 
70 GWh (Figure 2). During an average 

wind year, these turbines would gener-
ate 77 GWh. Due to various obstacles 
in the planning procedures, there is only 
one additional project under construc-
tion, but projects with possible energy 
yield of 828 GWh have been submitted 
to planning bodies, 382 GWh are al-
ready authorized.

2.3 National incentive programs
The revised Energy Act from 1 January 
2009 also contains a package of mea-
sures for promoting renewable energy 
and efficient electricity use. The FIT is 
the most significant measure and con-
cerns cost-covering remuneration for 

Photo: Martin Heiniger, Brugg, Switzerland
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Figure 1. Actual and future energy yield of wind turbines in Switzerland 2011

Figure 2. Development of wind energy in Switzerland 2011

the input of electricity produced from 
renewable energy sources into the net-
work. Renewable resources include hy-
dropower (up to 10 MW), photovolta-
ics, wind energy, geothermal energy, 
biomass, and waste material from bio-
mass. In the year 2011, the actual figures 
are: 220 million EUR/yr (285 million 
USD/yr), financed by a 0.37 EUR /
kWh (0.48 USD/kWh) fee on electric-
ity sold in Switzerland, will be available 
for offsetting the difference between the 
cost-covering FIT and market price.

The tariffs for remuneration for 
electricity from renewable energy sourc-
es (green power) have been specified on 
the basis of reference facilities for each 
technology and output category. Remu-
neration will be applicable for a period 
of between 20 and 25 years, depending 
on the technology. A gradual downward 
curve is foreseen for these tariffs in view 
of the anticipated technological progress 
and the entrance of a growing number 
of technologies in the market. For wind 
energy, the same system Germany uses 
has been applied, whereby the higher 
price is 0.18 EUR /kWh (0.23 USD/
kWh) and the lower price is 0.11 EUR 
/kWh (0.14 USD/kWh) (3). Producers 
who decide in favor of the FIT option 
cannot simultaneously sell their green 
power on the free ecological electricity 
market. Yet they can decide every year 
whether they will sell the electricity 
on the market or apply the FIT system. 
The developers can register their fa-
cilities with Swissgrid, the national grid 
operator. 

As a result of the devastating earth-
quake in Japan and the disaster at Fu-
kushima, the Swiss government and 
parliament decided in autumn 2011 to 
decommission existing nuclear power 

plants at the end of their operational 
lifespan and to not replace them with 
new nuclear power plants. In order to 
ensure the security of supply, the Fed-
eral Council, as part of its new Energy 
Strategy 2050, is placing emphasis on 
increased energy savings (energy effi-
ciency), the expansion of hydropower 
and new renewable energies, and, if 
necessary, on fossil fuel-based electric-
ity production (co-generation facilities, 
gas-fired combined-cycle power plants) 
and imports. Furthermore, Switzerland's 
power grid should be expanded without 
delay and energy research strengthened. 

This new strategy means also a 
change from central to increasingly de-
centralized and variable electricity gen-
eration, a fundamental change in the 
available types of power plant. The nec-
essary reserve and storage capacities will 
have to be made available in the future. 
The Swiss energy system will have to 

be transformed while taking account of 
potential conflicts of interest and targets 
already set in various sectors, such as: cli-
mate protection; conservation of lakes, 
rivers, and the countryside; spatial plan-
ning; and the established division of tasks 
between the federal government and the 
Cantons will have to be maintained (4).

Wind energy is an important ele-
ment within this new strategy. Suisse 
Eole, the Swiss Wind Energy Associa-
tion, is the leading authority on the use 
of wind energy in Switzerland and will 
play an even more important role in co-
ordinating all activities in collaboration 
with the cantonal (state) institutes of en-
ergy, energy suppliers, and energy plan-
ners. A special focus will be on social ac-
ceptance issues (5). 

2.4 Issues affecting growth
The high number of registrations within 
the FIT scheme (also for other technol-
ogies) led to the the Swiss Federal Of-
fice of Energy (SFOE) declaring a mor-
atorium from 1 February 2009 for all 
technologies. Based on a new legislation, 
the available amount will be 420 mil-
lion EUR (545 million USD), financed 
by 0.74 EUR /kWh (0.96 USD/kWh), 
beginning from 2013. Other issues af-
fecting growth include:

•	The	 substantial	 potential	 of	wind	
energy in Switzerland can only be 
achieved if the existing widespread 
acceptance of this technology 
can be maintained. The activities 
of the IEA Wind Task 28 Social 

Switzerland
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Acceptance continue to play an im-
portant role. 
•	Planning	 procedures	 and	 con-
struction permits in Switzerland are 
in general very time and cost in-
tensive and the outcomes are often 
uncertain. 
•	Based	 on	 the	 important	 changes	
in the FIT, a dramatic rise in play-
ers on the Swiss market occurred. 
Establishing a high quality reference 
standard for future projects will 
be a major challenge for the Swiss 
Wind Energy Association.

3.0 Implementation 
3.1 Economic impact
A study of McKinsey (6) from 2009 
quantifies the world wide turnover of 
Swiss companies in the field of wind 
energy with 1.6 million EUR (2.15 
million USD) underestimates a poten-
tial in the year 2010 of 8.6 billion EUR 
(11.6 billion USD).

3.2 Industry status
The Swiss industry is active in several 
fields of wind energy: development and 
production of chemical products for ro-
tor blades, like resins or adhesives (Gu-
rit Heberlein, Huntsman, Clariant); grid 
connection (ABB); development and 
production of power electronics like 
inverters (ABB, Integral Drive Systems 
AG, Vivatec, VonRoll Isola); services in 
the field of site assessments and proj-
ect development (Meteotest, Interwind, 
NEK, New Energy Scout, Kohle/Nuss-
baumer, etc.); and products like gearbox-
es (RUAG).

3.3 Operational details
Due to the specific wind regime in 
Switzerland (moderate wind speeds, tur-
bulent sites, and icing conditions, etc.) 
the average capacity factor for installa-
tions in Switzerland is below 20%. New 
projects with modern wind turbines 
are showing substantially higher per-
formance, also thanks to lessons learned 
within research activities.

3.4 Wind energy costs
The specific costs of existing large wind 
power plants is about 1,450 EUR /kW, 
including installation the figure rises 
to 2,100 EUR /kW. The regulation 
for the compensatory feed-in remu-
neration scheme provides 0.11 to 0.18 

EUR/kWh (0.18 to 0.23 USD/kWh) 
for wind energy – based on the same 
mechanism as the German model. Swiss 
participation in IEA Wind Task 26 Cost 
of Wind Energy generates important in-
formation for this discussion.

4.0 R, D&D Activities
4.1 National R, D&D efforts
The wind energy research program for 
2008 to 2011 (7) focuses on develop-
ing innovative turbine components for 
specific application in harsh climates, in-
creasing availability and energy yield at 
extreme sites, increasing of the "value" 
of the wind energy, optimizing the in-
tegration of wind energy into the grid, 
and increasing the acceptance of wind 
energy. Implementation of pilot and 
demonstration projects is designed to 
increase market penetration of wind en-
ergy and close the gap between research 
activities and application in practice. In 
2011, the budget for wind energy re-
lated R&D projects was 375,000 EUR 
(494,657 USD). An amount of 506,000 
EUR (667,000 USD) is spent on pro-
motional activities.

Several innovative research projects 
were underway in 2011.

•	Development	 of	 wind	 turbines	
for safe operation in alpine envi-
ronments (phase II) Influence of 
upstream wakes on turbine power 

Figure 3. The novel approach of using an instrumented Unmanned Aerial Vehicle 
(UAV) to measure the wind speed and turbulence in wind parks has been developed 
at ETH Zürich

in complex terrain (8). Phase II of 
this project by ETH Zürich fo-
cused on quantifying wind turbine 
performance losses due to wakes, 
understanding the flow phenomena 
responsible for these losses, as well 
as proposing loss mitigation strate-
gies (Figure 3). The primary out-
come of this project, detailed in this 
report, is a new wake model, based 
on free shear flow mixing theory, 
that yields an average error of 3.6% 
in the predicted wind turbine per-
formance, compared to 7% to 12% 
error for the more commonly used 
wake models. 
•	Test	Sites	for	wind	turbines	in	al-
pine regions (9). On the occasion 
of the conference on the research 
program "wind energy" of 9 De-
cember 2011, the experts present 
underlined the need for a wind 
energy test site in Switzerland. As 
part of a preliminary project, the 
following research areas have been 
identified: Influence of topography, 
influence of climatic conditions, 
and evaluation of new means of 
transportation (Figure 4).
•	Increase	 of	 the	 acceptance	 of	
wind energy (10). Three years of 
experience within the working 
group and supporting institutions 
of IEA Wind Task 28 on social 
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acceptance of wind energy have 
shown the international exchange 
on social acceptance issues to be 
extremely valuable for those in-
volved such as administrations, the 
research community, IEA Wind 
members, and for further wind 
energy promoters in the respec-
tive countries, e.g. wind energy 
associations. The development of 
wind energy, especially the debates 
surrounding the projects in the 
field, have also proven that social 
acceptance is a topic to be further 
researched if the policy targets for 
renewable energy production are to 
be accomplished. Specific projects 
require social acceptance to be real-
ized and proponents and opponents 
need support to work together to 
improve the projects. This seems to 
be increasingly recognized by the 
industry as well as administrative 
institutions, but to achieve long-
term acceptance of wind power, 
the topic needs further attention 
and accompanying projects such as 
Task 28 with their interdisciplinary 
and trans-national approach.

4.2 Collaborative research 
In addition to IEA Wind Task 28, Swit-
zerland participated in the IEA Wind 

Figure 4. Transport solutions for diffi cult access in mountainous areas, e.g., tilting 
blade adapter

Task 11 Base Technology Informa-
tion Exchange, Task 19 Wind Energy 
in Cold Climates, and Task 26 Cost of 
Wind energy. 

5.0 The Next Term
If significant economic effects of the 
wind energy for the Swiss industry are 
to be realized, a substantial rise in re-
search and promotional activities is cru-
cial. In 2011, the energy research con-
cept 2013 to 2016 was being elaborated 
by the SFOE. The following key issues 
should be included:

•	Quantifying	production	losses	and	
downtimes due to icing; imple-
mentation and evaluation of rel-
evant measures, in collaboration 
with IEA Wind Task 19 Wind En-
ergy in Cold Climates
•	Reducing	 energy	 production	
costs by increasing the full-load 
hours and reliability of turbines in 
harsh conditions and on sites with 
low wind speeds
•	Increasing	the	accuracy	of	energy	
yield estimates and the economics 
of wind parks
•	Reducing	 planning	 and	 installa-
tion costs by speeding up planning 
procedures and considering impor-
tant acceptance issues

•	Maintaining	 the	 high	 degree	
of wind energy acceptance in 
Switzerland.
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Table 1. Key Statistics 2011: United Kingdom
Total installed wind generation 6,470 MW

New wind generation installed 1,092 MW

Total electrical output from wind 15.5 TWh

Wind generation as % of national electric 
demand

4.24%

Average capacity factor Onshore: 27.4%
Off shore: 36.7%

Target 15% renewables by 2020

33  United Kingdom

Photo: Martin Phelps of Westmill Wind Farm Co-operative

1.0 Overview
he United Kingdom (UK) has ap-
proximately 40% of Europe's en-

tire wind resource and significant 
potential for both onshore and offshore 
wind. The UK government has put in 
place a range of measures to enable the 
deployment of that potential resource 
and is committed to ensuring the further 
growth of wind generation in the UK. 
The UK signed up in 2009 to an EU tar-
get of 20% of primary energy (electric-
ity, heat, and transport) from renewables 
sources. The UK contribution to that tar-
get is 15% by 2020. Wind will be an im-
portant contributor to this target.

In 2011, total wind capacity in the 
UK was 6.47 GW, representing 4.24% 
of the UK’s national electricity demand, 
an increase of 1.09 GW from the 2010 
figure (a 20% increase) (1). A significant 
increase in electricity generation from 
wind was seen in 2011 in the UK. The 
largest absolute increase in generation 
was from onshore wind, rising from 7.1 
TWh in 2010 to 10.4 TWh in 2011 
(30% increase), partly due to increased 
capacity, but mainly due to much higher 
wind speeds (1.4 knots higher than in 
2010). Also as result of increased capac-
ity and high wind speeds, offshore wind 
generation increased by 68%, from 3.0 
TWh in 2010 to 5.1 TWh in 2011 (a 
68% increase). 

The government is committed to 
driving the deployment of renewable 
electricity and other forms of low-car-
bon electricity generation. During 2011, 
the Electricity Market Reform (EMR) 
White Paper was published, which set 
out key measures to attract investment, 
reduce the impact on consumer bills, 
and create a secure mix of electricity 
sources including gas, new nuclear, re-
newables, and carbon capture and stor-
age. Other key advances in 2011 are 
listed below. 

The UK Renewables Energy 
Roadmap (2): Published in July, this set 
out a comprehensive action plan to ac-
celerate the UK’s deployment and use 
of renewable energy, and put us on 

T

the path to achieve our 2020 target, 
while driving down the cost of renew-
able energy over time. It identifies the 
eight technologies (including onshore 
and offshore wind) that have either the 
greatest potential to help the UK meet 
the 2020 target in a cost-effective and 
sustainable way, or offer great potential 
for the decades that follow.

Offshore wind Cost Reduction Task 
Force: As announced in the Renewables 
Roadmap, significant cost reduction was 
identified as being required in order to 
maximize the potential size of the sector. 
To help achieve this, an industry led task 
force was established to set out an action 
plan for cost reduction to 2020. The task 
force will drive the work necessary to 
realize the vision of reaching 100 GBP/
MW/h (113 EUR/MW/h; 162 USD/

MW/h) for offshore wind and will re-
port to the Department for Energy and 
Climate Change (DECC) Ministers and 
Devolved Administration Ministers by 
Spring 2012.

Renewables Obligations Banding 
Review: The government and devolved 
administrations undertook consultations 
on proposals for the levels of banded 
support available for renewable electric-
ity generations under the Renewables 
Obligation (RO) for the period 2013-
2017. Separate consultations took place 
for England and Wales, Scotland, and 
Northern Ireland.

Green Investment Bank: Work con-
tinued to prepare the Green Investment 
Bank for its opening in 2012. The Green 
Investment Bank is designed to acceler-
ate private sector investment in the UK’s 
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transition to a green economy. Offshore 
wind power generation, commercial and 
industrial waste processing and recycling, 
energy from waste generation, non-do-
mestic energy efficiency, and support for 
the Green Deal will be the first priority 
sectors for the bank, subject to approval 
by the European Commission. It will 
work to simulate the deployment of pri-
vate sector capital and debt. In this way 
it can play a key role in facilitating ac-
celerated investment in the development 
and construction phases of projects, 
potentially enabling initiatives which 
may not otherwise have been able to 
proceed.

Investor Conference: In London a 
conference was held with potential in-
vestors (such as pension funds, invest-
ment funds, and sovereign wealth funds) 
in offshore wind projects to establish 
what can be done to increase investment 
in this area. The UK needs around 200 
billion GBP (225 billion EUR; 291 bil-
lion USD) of investment in new energy 
infrastructure to help reduce depen-
dence on imported fossil fuels and boost 
our energy security. Much of this will 
need to come from sources beyond the 
UK’s current major energy suppliers.

Aviation and Radar: During 2011, a 
Second Memorandum of Understand-
ing (MOU) Aviation Plan was signed. 
Wind turbines can have a significant ef-
fect on radar, which in turn is a major 
barrier to deployment in the UK. The 
signatories to the MOU commit to 
working together to implement the Avi-
ation Plan and to ensure the timely and 
effective delivery of solutions to mitigate 
the effects of wind turbines on aviation. 
The goal is to promote the deployment 
of wind energy generation, whilst taking 
all necessary steps to protect air safety 
and air defense requirements. 

Offshore Renewable Energy Cata-
pult: A competition was run by the 
Technology Strategy Board (TSB) to 
form an Offshore Renewable Energy 
Catapult, one of a new network tech-
nology and innovation centers aiming 
to transform the UK’s capability for in-
novation in seven specific sectors and to 
help drive sustainable economic growth 
in those areas. The Offshore Renewable 
Energy Catapult will focus on technolo-
gies for offshore wind, wave, and tidal 
stream power generation. It will help 

to commercialize the best outputs of 
Britain’s world-class research base and 
facilitate business access to testing facili-
ties and expertise to help commercial-
ize new and emerging technologies that 
can capture a share of emerging global 
markets. 

Offshore Wind Accelerator (OWA): 
A novel turbine foundation design for 
North Sea conditions – the Keystone 
‘twisted jacket’ – was successfully dem-
onstrated 100km offshore in 30m water 
depths at the Hornsea zone to support a 
met mast; this is the first of four founda-
tions identified in a 2009 competition to 
be demonstrated.

Planning and Consenting Task 
Force: A short-life planning and con-
senting task force was established in 
October 2011 to bring together off-
shore renewable developers with marine 
Scotland and environmental regulators 
to produce a report promoting greater 
streamlining and efficiency of Scotland’s 
marine planning and consenting re-
gimes. The aim being to enable Scotland 
to meet its offshore renewable ambi-
tions, as set out in the 2020 Routemap 
for Renewable Energy in Scotland. In 
April 2011 the Scottish government 
initiated a one-stop-shop for offshore 
wind, wave, and tidal developers to ob-
tain consents and licenses in Scottish 
waters.

2.0 National  
Objectives and Progress
2.1 National targets
In 2009, the UK agreed, (as part of the 
EU target to provide 20% of primary 
energy, electricity, heat and transport), to 
a target of providing 15% of its primary 
energy from renewables sources. Up to 
two-thirds of the electricity compo-
nent of the UK’s legally binding 2020 
renewable energy target is likely to be 
provided by wind energy, and a high 

Table 2. Wind Projects Prospects 
at End of 2011 
Description MW

Planning application submitted 8,079

Planning approved (awaiting/
under construction)

9,141

Total planned and/or in 
construction

17,220

percentage of this is likely to be offshore. 
We envisage that by 2020 in order to 
meet this target the UK will deliver 30% 
of its electricity from renewables, and 
12% of its heat. 

2.2 Progress
UK electricity is generated from a range 
of sources. Of electricity generated in 
2011, provisional data highlights that 
gas accounted for 40% (a decrease of 
6% since 2010) and coal accounted for 
30%. Nuclear energy’s share increased by 
3% since 2010, to contribute 19% of the 
total, while renewable energy’s share of 
generation increased by 2.5% since 2010 
to a record 9.5%.

Generation from wind increased 
significantly in 2011 due to an increase 
in capacity and also due to higher wind 
speeds. The largest absolute increase in 
generation was from onshore wind, ris-
ing from 7.1 TWh in 2010 to 10.4 TWh 
in 2011 (30% increase). This was partly 
due to increased capacity, but mainly 
due to much higher wind speeds (1.4 
knots higher than in 2010). Also as a re-
sult of increased capacity and high wind 
speeds, offshore wind generation in-
creased by 68%, from 3.0 TWh in 2010 
to 5.1 TWh in 2011. In 2011, onshore 
wind’s load factor averaged 27.4%, a 
5.8% increase from 2010’s 21.7%. Mean-
while, offshore wind’s load factor rose 
by 6.2%, from 30.4% to 36.7%. This 
was due to the high wind speeds expe-
rienced, particularly in the final quarter.

In 2011, 1,092 MW of new wind 
generation capacity was commis-
sioned, bringing the total UK capacity 
to 6.47GW, an increase of 20% above 
the 2010 level. This includes 1.84 GW 
of offshore wind. The UK continues to 
be the world leader in the development 
and deployment of offshore wind. 

2.3 National incentive programs
2.3.1 Renewables Obligation

The Renewables Obligation (RO) is 
currently the government’s chief incen-
tive mechanism for eligible renewable 
electricity generation. It is also an im-
portant part of the government’s pro-
gram for securing reductions in carbon 
dioxide emissions, working in support 
of other policy measures such as the EU 
Emissions Trading System. It requires 
licensed electricity suppliers for Great 
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Figure 1. Thanet Offshore Wind Farm, completed in 2010  (Photo: DECC)

Britain and Northern Ireland to pro-
vide a specified and increasing number 
of RO Certificates (ROCs) as evidence 
that an increasing proportion of their 
electricity comes from eligible renew-
able sources, or pay a buy-out price. 

The RO Banding Review consul-
tation looks at the level of support each 
technology will receive under the RO 
from 2013 to 2017(1 April 2014 for off-
shore wind). The consultation opened 
on 20 October and ran until 12 Janu-
ary 2012. Banding reviews ensure that as 
market conditions and innovation with-
in sectors change and evolve; renewables 
developers continue to receive the ap-
propriate level of support necessary to 
maintain investments.

The RO system works on the basis 
of three complimentary obligations, one 
covering England and Wales, and one 
each for Scotland and Northern Ireland. 
Decisions regarding the details of the 
ROs, including the setting of RO band-
ing levels are for the Scottish govern-
ment and Northern Ireland executive. 
Separate consultations on ROC sup-
port have also been held in Scotland and 
Northern Ireland.

2.3.2 Feed-In Tariff (FIT)

The FIT scheme was introduced on 1 
April 2010, under powers in the En-
ergy Act 2008. Through the use of FITs, 
DECC hopes to encourage deployment 
of additional small-scale (less than 5 

MW) low-carbon electricity generation, 
particularly by organizations, businesses, 
communities, and individuals that have 
not traditionally engaged in the electric-
ity market. This will allow many peo-
ple to invest in small-scale low-carbon 
electricity, in return for a guaranteed 
payment from an electricity supplier 
of their choice for the electricity they 
generate and use as well as a guaranteed 
payment for unused surplus electric-
ity they export back to the grid. Small-
scale low-carbon electricity technologies 
eligible for FITs are: wind; photovolta-
ics (PV); hydro; anaerobic digestion; 
and domestic scale microCHP (with 
a capacity of 2 kW or less). DECC has 
published data regarding the first year 
of the scheme – from 1 April 2010 to 
31 March 2011 which can be accessed 
from (3).

2.3.3 Electricity Market Reform (EMR)

The UK government published the 
Electricity Market Reform White Paper 
in 2011 which set out key measures to 
attract investment, reduce the impact on 
consumer bills, and create a secure mix 
of electricity sources including gas, new 
nuclear, renewables, and carbon capture 
and storage. Key elements of the reform 
package include:

•	the	 government	 would	 put	 in	
place a Carbon Price Floor to re-
duce investor uncertainty, putting a 
fair price on carbon and providing 

a stronger incentive to invest in 
low-carbon generation now; 
•	new	 long-term	 instruments	 will	
be introduced: FIT with Contracts 
for Difference (CfD) to provide 
stable financial incentives to invest 
in all forms of low-carbon electric-
ity generation. A contract for dif-
ference approach has been chosen 
over a less cost-effective premium 
feed-in-tariff; 
•	an	 Emissions	 Performance	 Stan-
dard will be set at 450g CO

2
/kWh 

to reinforce the requirement that 
no new coal-fired power stations 
are built without carbon capture 
and sequestration (CCS), but also 
to ensure necessary investment in 
gas can take place; and 
•	a	 capacity	 mechanism,	 including	
demand response as well as genera-
tion is needed to ensure future se-
curity of electricity supply. 

The measures introduced as part of 
EMR will ensure that the UK will meet 
renewables targets for 2020 and have 
secure, affordable, and low-carbon elec-
tricity to 2030 and beyond. EMR has 
been designed to provide more revenue 
certainty to investors in low carbon 
electricity while reducing the impact on 
consumers, which when combined with 
Ofgem’s work on market liquidity will 
be key to attracting new developers and 
finance providers as well as encouraging 
investment by the existing utilities. The 
package of measures being introduced 
through the EMR process includes a 
new support scheme for all low carbon, 
including renewable generation.

In addition to the EMR White Pa-
per, the government published a Techni-
cal Update paper. This Technical Updat-
er sets out the following features.

•	the	government’s	decision	to	leg-
islate for a capacity mechanism in 
the form of a capacity market, de-
signed to ensure consumers con-
tinue to enjoy reliable electricity 
supplies and avoid the higher prices 
that could result from tight capacity 
margins; 
•	the	 government’s	 view	 that	 the	
system operator, part of the nation-
al grid, best meets the criteria for 
delivering the FIT with CfD and 
the capacity mechanism; 
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•	detail	 on	 work	 to	 enable	 invest-
ment decisions for early projects; 
•	the	next	 steps	 for	 the	EMR	pro-
gram; and 
•	more	 detail	 on	 arrangements	 for	
Renewable Obligation Certificates 
from 2027 onwards.

It is recognized that transitional 
arrangements need to be established 
whilst the new market arrangements are 
established.

2.3.4 Transitional Arrangements 

The UK government recognizes that 
significant investments have been made 
under the current RO. Throughout the 
EMR process, clear and transparent 
transition arrangements have been set 
out from the RO to the new support 
mechanism, with the aim of preventing 
a hiatus in renewables investment while 
the new arrangements are being put in 
place.

Existing investments under the RO 
will continue to receive their support 
through the RO mechanism. The new 
scheme will be for new generation only, 
and the RO will remain open to new 
accreditations until 31 March 2017. Af-
ter which the system will be ‘vintaged’ 
to ensure that projects already sup-
ported under the RO mechanism can 
continue to receive support under that 
mechanism.  

Between the introduction of CfDs 
(from 2014) and the RO closing in 2017 
new renewable generation will have a 
choice between the two mechanisms. 
Existing RO generation will remain in 
that scheme. 

The Electricity Market Reform 
White Paper set out proposals for the 
RO transition, including that the RO 
is calculated by headroom until 2027, 
then the priced is fixed of a Renewables 
Obligation Certificate (Fixed ROC) 
to 2037. This is to provide confidence 
in the final years of ROC income. The 
Technical Update provides more detail 
on how the Fixed ROC scheme will 
operate, to assist investors and developers 
taking long-term investment decisions.

3.0 Implementation
3.1 Industry status
Although no established wind turbine 
manufacturer is currently based in the 

Table 3. Offshore Wind Projects Completed by the End of 2011
Wind farm 
name

Turbine type Number of 
turbines 

Total capacity 
(MW)

Date online

Walney 1 3.6-MW 
Siemens

51 183.6 July 2011

Thanet 3-MW Vestas 
V90

100 300.0 September 
2010

Robin Rigg 3-MW Vestas 
V90

60 180.0 April 2010

Gunfleet Sands 
I + II Offshore 
Wind scheme

3.6-MW 
Siemens

48 172.8 April 2010

Rhyl Flats 3.6-MW 
Siemens

25 90.0 December 
2009

Inner Dowsing 3.6-MW 
Siemens

30 108.0 November 
2008 

Lynn 3.6-MW 
Siemens

24 86.4 November 
2008 

Burbo Bank 3.6-MW 
Siemens

25 90.0 October 2007 

Beatrice 5-MW 
REPower

2 10.0 July 2007 

Barrow 3-MW Vestas 
V90 

30 90.0 July 2006 

Kentish Flats 3-MW Vestas 30 90.0 October 2005 

Scroby Sands 2-MW Vestas 30 60.0 March 2004 

North Hoyle 2-MW Vestas 30 60.0 December 
2003 

Blyth Offshore 2-MW Vestas 2 3.8 December 
2000 

UK, overseas manufacturers were more 
interested in the UK as a base for man-
ufacturing as a result of the 2010 an-
nouncement of Round 3 leasing com-
petition. In addition, the UK govern-
ment committed up to 60 million GBP 
(67 million EUR; 97 million USD) to 
support offshore wind manufactur-
ing at port sites so that offshore wind 
manufacturers can locate new facilities 
in assisted areas in England. The Scot-
tish government will make available up 
to 70 million GBP (78 million EUR; 
113 million USD) of similar funding to 
stimulate the offshore wind industry. A 
number of wind turbine manufacturers 
have since signaled their intention to es-
tablish UK manufacturing bases. 

3.2 Operational details
In 2011, the UK saw key achieve-
ments in wind power development. Two 
large onshore wind farms came into 

operation in Scotland during 2011. Are-
cleoch, a 120 MW wind farm and the 
first phase of Clyde Wind Farm came 
on-line (130 MW). The biggest Eng-
lish onshore wind farm, the 66-25MW 
Fullabrook came on line. Offshore con-
struction activities began on two sepa-
rate wind farms with a total capacity of 
813 MW. These are the Walney 2 (183 
MW) and London Array (first phase) 
(630 MW) wind farms. Walney 1 (183 
MW) was fully brought into opera-
tion.  First electricity was also generated 
from a number of offshore wind farms 
although these were not fully brought 
into operation in 2011.  

4.0 R, D&D Activities
To order accelerate development of 
wind energy, the UK government pro-
vides funding for R&D projects in part-
nership with industry. Technology inno-
vation reduces the cost of commercial 

United Kingdom



IEA Wind 169

deployment, making it more cost ef-
fective for business to invest in our en-
ergy infrastructure and ensure security 
of supply. Innovation support is needed 
from early stage development through 
to demonstration and pre-commercial 
deployment.

Test facilities are important for ac-
celerating the deployment of renew-
ables technology. The New and Renew-
able Energy Centre (NAREC), based at 
Blyth docks in northeast England is cur-
rently the main offshore test facility. It 
was announced in 2011 that the Energy 
Technologies Institute (ETI) will in-
vest 25 million GBP (28 million EUR; 
40 million USD) into a state-of-the art, 
open access, wind turbine drive train test 
rig at NAREC. The indoor rig will be 
capable of testing complete drive trains 
and nacelles up to 15 MW. It should be 
available for commercial testing from 
June 2013. There are also plans to open 
another offshore wind turbine centre, in 
Scotland, near Aberdeen (European Off-
shore wind Deployment Centre).

4.1 The Low Carbon Innovation 
Co-ordination Group (LCICG) 

The LCICG brings together the 
major public-sector backed funders of 
low carbon innovation in the UK. Its 
core members include DECC, BIS, Car-
bon Trust, Energy Technologies Institute, 
Technology Strategy Board, the Engi-
neering and Physical Sciences Research 
Council, the Scottish government, the 
Scottish Enterprise, and several other 
organizations, including the other de-
volved administrations, have recently 
joined as associate members. 

The group’s aims are to maximize 
the impact of UK public sector funding 
for low carbon energy, in order to:

•	Deliver	affordable,	secure,	sustain-
able energy for the UK; 
•	Deliver	 UK	 economic	 growth;	
and 
•	Develop	 UK’s	 capabilities,	
knowledge and skills. 

The group has been working to-
gether on a number of work streams 
including the Technology Innovation 
Needs (TINA) project. This project aims 
to identify and value the key innovation 
needs of specific low carbon technol-
ogy families, including offshore wind, 

to inform the prioritization of public 
sector investment in low carbon inno-
vation. The LCICG worked with repre-
sentatives from the offshore wind indus-
try to ensure that the most robust data 
possible was fed into the TINA process. 

4.2 Research Councils UK 
Energy Programme 
The Research Councils UK Energy 
Programme aims to position the UK 
to meet its energy and environmental 
targets and policy goals through world-
class research and training. The Energy 
Programme is investing more than 530 
million GBP (596 million EUR; 772 
million USD) in research and skills to 
pioneer a low carbon future. This builds 
on an investment of 360 million GBP 
(405 million EUR; 583 million USD) 
over the past five years. The Energy Pro-
gramme is led by the Engineering and 
Physical Sciences Research Council 
(EPSRC). It brings together the work 
of EPSRC and that of the Biotechnol-
ogy and Biological Sciences Research 
Council (BBSRC), the Economic and 
Social Research Council (ESRC), the 
Natural Environment Research Council 
(NERC), and the Science and Technol-
ogy Facilities Council (STFC).

The EPSRC established the SU-
PERGEN Wind Energy Technologies 
Consortium (SUPERGEN Wind) on 
23 March 2006 as part of the Sustain-
able Power Generation and Supply (SU-
PERGEN) programme. The project was 
renewed for another four years, starting 
from 23 March 2010. The SUPERGEN 
Wind Consortium is led by Strathclyde 
and Durham Universities and consists of 
seven research groups with expertise in 
wind turbine technology, aerodynamics, 
hydrodynamics, materials, electrical ma-
chinery and control, and reliability and 
condition monitoring. The Consortium 
has 19 industrial partners, including 
wind farm operators, manufacturers, and 
consultants.

Doctoral Training Centre at the 
University of Strathclyde has awarded 
ten prestigious EPRSC research stu-
dentships to talented engineering and 
physical science graduates to undertake 
a four year PhD in 2009. The Centre is 
now recruiting another ten graduates to 
start their PhDs in October 2011.

The Technology Strategy Board 

(TSB) is an executive, Non-Departmen-
tal Public Body (NDPB), established by 
the government in 2007 and sponsored 
by the Department for Business, Innova-
tion and Skills (BIS). The TSB activities 
are jointly supported and funded by BIS 
and other government departments, the 
devolved administrations, regional devel-
opment agencies, and research councils. 
The TSB aims to accelerate innovation 
by helping UK businesses to innovate 
faster and more effectively than would 
otherwise be possible, using its exper-
tise, connections and funding. It pro-
vides support to businesses conducting 
research and development in certain 
technology areas through match-fund-
ed grants. As well as investing in pro-
grams and projects, much of its work is 
in spreading knowledge, understand-
ing policy, spotting opportunities, and 
bringing people together to solve prob-
lems or make new advances. 

In the face of climate change, issues 
of energy security and rising fuel costs 
there are major market opportunities 
for UK businesses working in the en-
ergy sector and the TSB is looking to 
support innovation in energy genera-
tion and supply technologies, which will 
create wealth for the UK and help meet 
the country's energy needs. The TSB is 
one of the public sector members of the 
Energy Technologies Institute and, in 
addition, is working closely with other 
funding agencies such as DECC, the 
Research Councils, the Regional De-
velopment Agencies, and Carbon Trust 
to develop a coordinated Energy R&D 
program for the UK. The TSB will con-
tinue to oversee the development and 
execution of the Catapult centre de-
velopment program, including the Off-
shore Renewable Energy Catapult.

R, D&D projects supported by the 
technology program during this report-
ing period included development of 
in-situ wireless monitoring systems for 
towers and blades, cost effective manu-
facture of offshore wind turbine founda-
tions, and a direct drive superconducting 
generator for offshore wind application.

4.3 Energy  
Technologies Institute (ETI)
The ETI is a UK-based company 
formed from the UK government 
and global industries, including BP, 
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Caterpillar, EDF Energy, E.ON, Rolls-
Royce, and Shell, bringing together 
projects and partnerships accelerating 
the development of affordable, clean, 
and secure technologies to help the UK 
meet its legally binding 2050 climate 
change targets. The ETI makes targeted 
commercial investments in projects cov-
ering heat, power, transport, and their 
supporting infrastructure that accelerate 
the development of affordable, clean and 
secure energy technologies. Offshore 
wind is seen as an important area of fo-
cus. Cost, reliability and maintenance are 
paramount to accelerating the offshore 
wind market further and the ETI has 
commissioned projects in all three areas. 
The ETI focus is on achieving signifi-
cant cost reductions and enhanced reli-
ability for offshore wind. The current 
on-going Wind Energy Program proj-
ects are as follows:

Condition Monitoring: The project 
is led by wind turbine blade monitoring 
specialists Moog Insensys in partnership 
with EDF Energy, E.ON, Romax Tech-
nology, SEEByte, and the Univeristy of 
Strathclyde. This project aims to develop 
a system that can detect the causes of 
faults and component failures in offshore 
wind turbines. It will provide offshore 
wind operators with sufficient warning 
to allow a suitable maintenance strategy 
to be planned, predicting faults before 
they occur, identifying potential causes 
and overall, reducing turbine downtime. 
The system has the capability to reduce 
the cost of generating electricity from 
offshore wind turbines. In summer 2011 
the system started testing on onshore 
wind turbines.

Offshore Wind Drivetrain Test Rig: 
ETI will invest 25 million GBP (28 mil-
lion EUR; 40 million USD) into a state-
of-the art, open access, wind turbine 
drive train test rig seen as crucial for the 
continued success and further expansion 
of the UK’s offshore wind industry. A 
consortium of GE Energy Power Con-
version and MTS will design and devel-
op the rig, which will be sited at Narec 
in Blyth, Northumberland and will be 
capable of testing complete drive trains 
and nacelles up to 15 MW. The test rig 
is being designed to allow the whole 
turbine nacelle to be tested onshore and 
indoors before being taken offshore. This 

approach should reduce the technical 
and commercial risks of mass produc-
tion and deployment, lower the cost of 
deploying and testing turbines offshore, 
and accelerate the development of new 
prototypes. It should be available for 
commercial testing from autumn 2013.

Offshore Wind Floating Platform: 
The ETI plans to invest up to 25 mil-
lion GBP (28 million EUR; 40 million 
USD) in an offshore wind floating sys-
tem demonstration project which would 
open up new areas off the coast of the 
UK and help bring generation costs 
down. The project will see the design, 
construction, and installation of a float-
ing system demonstrator by 2016 at a 
relatively near shore site with high wind 
speeds up to about 10 m/sec in water 
between 60 and 100 m deep. It will be 
operated for at least two years to show 
that it can generate high levels of elec-
tricity, be maintained without using spe-
cially designed vessels and demonstrate 
the predicted technical and economic 
performance. A decision on who will 
carry out the work on behalf of the ETI 
is expected in early 2013.

Next Generation Bigger Blades: A 
project to develop long high-perfor-
mance blades for the next generation 
of large offshore wind turbines was also 
commissioned by the ETI in 2011. De-
velopers will be asked to design, build, 
and test blades in excess of 90 m long 
– each blade will be nearly the same 
height of Big Ben in London. These 
blades would be used on the next gen-
eration of large offshore wind turbines 
with a capacity of  8 to 10 MW. The 
ETI expects to invest around 10 mil-
lion GBP (11 million EUR; 16 million 
USD) in the project, and a decision on 
who will carry out the project is expect-
ed towards the end of 2012.

4.4 Department for Energy 
and Climate Change (DECC)
DECC’s vision is of a thriving, globally 
competitive, low carbon energy econo-
my.  DECC’s key priorities are to:

•	Save	energy	with	the	Green	Deal	
and support vulnerable consumers 
•	Deliver	secure	energy	on	the	way	
to a low carbon energy future 
•	Drive	ambitious	action	on	climate	
change at home and abroad 

•	Manage	 our	 energy	 legacy	 re-
sponsibly and cost-effectively 

In the UK Renewables Road-
map, published in July 2011, DECC 
announced funding of up to 30 mil-
lion GBP (33 million EUR; 48 million 
USD) of innovation support – subject 
to value for money assessments – for 
offshore wind cost reduction. Up to 15 
million GBP (17 million EUR; 24 mil-
lion USD) of this support has been allo-
cated to the Offshore Wind Component 
Technologies Development and Dem-
onstration Scheme. 

The first call of the Offshore Wind 
Component Technologies Develop-
ment and Demonstration Scheme was 
launched on 21 November 2011 for 
innovators to apply for support for the 
development and demonstration of in-
novative component technologies across 
the offshore wind system. With a call 
budget of around 5 million GBP (5.6 
million EUR; 8 million USD) capi-
tal, the funding will help companies 
with novel ideas that could further im-
prove offshore wind systems. DECC 
and the TSB are working together on 
this scheme. The first call is funded and 
managed by DECC but the TSB is par-
ticipating in the appraisal process. The 
aim of the scheme is to support the 
demonstration of component technolo-
gies that will lead to cost reduction in 
offshore wind energy and increase de-
ployment levels by 2020 and in the fol-
lowing decade. This first call closed on 
the 23 December 2011. A second round 
of the Offshore Wind Component Tech-
nologies funding will be launched in 
early May 2012.

Projects from the Environmental 
Transformation Fund: Offshore Wind 
Demonstration Scheme were coming 
to completion in 2011, with a few car-
ried over into 2012. The fund, offered 
support for the development of innova-
tive technologies with the potential to 
reduce the cost of deploying offshore 
wind and enable faster deployment of 
offshore wind technology.

The Carbon Trust Offshore Wind 
Accelerator (OWA) is a collaborative R, 
D&D program involving the Carbon 
Trust and eight energy companies that 
aims to reduce the cost of offshore wind 
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by 10% in time for Round 3 (2015). 
One third is funded by the UK govern-
ment and two thirds from the industry. 
The OWA focuses on four research ar-
eas –access systems, electrical systems, 
foundations, and wake effects. Set up in 
2009 and running to 2014, the OWA 
achieved a number of milestones in 
2011.

•	Access	systems	–	Thirteen	leading	
designs from 450 entries in a com-
petition for improved crew transfer 
vessels received financial and tech-
nical support for design develop-
ment. These should allow mainte-
nance to take place in much harsh-
er sea states than is possible today, 
increasing availability.
•	Electrical	 systems	–	An	engineer-
ing design study confirmed the po-
tential for higher voltage (66 kV) 
intra-array cables to reduce the cost 
of energy.
•	Foundations	 –	 Following	 18	
months of concept development 
and de-risking, the first of four fi-
nalists from 104 entries in a 2009 
turbine foundation competition 
was successfully demonstrated. The 
Keystone ‘twisted jacket’ was in-
stalled in the Hornsea zone, 100 
km offshore in 30 m water depths 
to support a met mast.
•	Wake	effects	–	The	OWA	funded	
the development of two new wake 
effects models that forecast wind 
farm yields more accurately. This 
will reduce financing costs and al-
low more efficient wind farm lay-
outs to be adopted. 

Britain’s first Industrial Doctorate 
Centre in Renewable Energy was com-
missioned and funded by the ETI and 
the EPSRC. It will take its first students 
in January 2012. The Centre will train 
up to 50 students in the research and 
skills needed to accelerate the develop-
ment of renewable energy technologies. 
Each will spend part of their training 
with the three universities in the con-
sortium. The students will spend most 
of their training time at ETI Member 
companies, as well as in other renewable 
industry organizations and companies. 
The students will each gain an interna-
tionally-leading engineering doctorate. 

The drive to meet the UK’s ambitious 
deployment targets for offshore renew-
able energy technologies requires a 
steady supply of highly trained engi-
neers, scientists and leaders. This new 
Industrial will contribute significantly to 
that requirement.

5.0 The Next Term
In 2012, further announcements and 
activities in wind are expected. The 
offshore wind Technology Innovation 
Needs Assessment (TINAs) report will 
be published. The TINAs aim to identify 
and value the key innovation needs of 
specific low carbon technology families 
to inform the prioritization of public 
sector investment in low carbon innova-
tion. It is intended that publication of a 
TINA for each low carbon technology 
and offshore wind is anticipated to be 
the first to be published. 

The government response to the 
Renewable Obligation review is ex-
pected to be published in spring 2012. 
The Green Investment Bank will be-
gin making investments in green proj-
ects from April 2012 and a draft Energy 
Bill will be published in May 2012 for 
pre-legislative scrutiny by the UK par-
liament. This Bill will establish a legis-
lative framework for delivering secure, 
affordable, low carbon energy. A second 
call of the Offshore Wind Component 
Technologies Scheme is expected to be 
launched in May 2012. The Offshore 
Renewable Energy Catapult Centre 
will open for operation in 2012. It will 
be headquartered in Glasgow, Scot-
land with an operations center in Blyth, 
north-east England. The Cost Reduc-
tion Task Force will report to DECC 

Ministers and Devolved Administration 
Ministers by Spring 2012.

In 2012, the government will un-
dertake a consultation on a compre-
hensive review of the tariffs for non-PV 
technologies under the FIT scheme, and 
also on scheme administration issues. 
The first offshore renewable energy leas-
ing is underway in Northern Irish wa-
ters and The Crown Estate expects to 
offer development rights, for an area that 
could deliver up to 600 MW, by autumn 
2012.

References:
(1) http://www.decc.gov.uk/en/

content/cms/statistics/publications/
trends/trends.aspx

(2) http://www.decc.gov.uk/en/
content/cms/meeting_energy/renew-
able_ener/re_roadmap/re_roadmap.
aspx#

(3) http://www.decc.gov.uk/as-
sets/decc/11/stats/publications/energy-
trends/4779-energy-trends-mar12.pdf

Author: Ian Furneaux, Depart-
ment for Energy and Climate Change 
(DECC), United Kingdom.
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Table 1. Key Statistics 2011: United States
Total installed wind generation (1)  46,916 MW 

New wind generation installed (1)  6,816 MW

Total electrical output from wind (3)  119.75 TWh

Wind generation as % of national electric 
demand

2.9%

Average capacity factor (9) 33%

Target: 80% of electricity from clean sources by 
2035

1.0 Overview 
he United States added about 

6.8 GW of wind generating ca-
pacity in 2011, about 30% more 

than was added in 2010 (1). The ad-
ministration’s goal is to generate 80% 
of the nation’s electricity from clean 
energy resources by 2035. In support of 
that goal, the U.S. Department of En-
ergy Wind Program conducts research 
to improve wind technology, decrease 
costs, and increase wind generating 
capacity. In 2011, the Wind Program 
made significant progress by dedicating 
a new large blade test facility, installing 

T
three new multimegawatt turbines for 
testing, expanding activities at univer-
sity-led research centers, and complet-
ing significant research projects on grid 
integration, cost estimation, offshore 
foundation design, technology develop-
ment, and more. The Energy Depart-
ment, along with the U.S. Department 
of the Interior, also published a National 
Offshore Wind Strategy (2) in 2011 that 
outlines the actions it will pursue to 
support an offshore wind industry in 
the United States. The Energy Depart-
ment signed contracts with national 
laboratories and with industry and 

university partners to conduct research 
that will advance this important off-
shore wind effort, and it awarded up to 
50 million USD (65 million EUR) in 
funding for 47 projects for research in-
to technology development and market 
barriers. The work will span advanced 
drivetrain and turbine design to envi-
ronmental impacts and supply chain 
assessment.

2.0 National 
Objectives and Progress 
2.1 National targets
The Energy Department Wind Program 
directly contributes to the administration’s 
goal for the United States to achieve 80% 
of its electricity from clean energy sources 
(including renewable energy technolo-
gies, nuclear, clean coal, and natural gas) 
by 2035. The Energy Department’s report 
20% Wind Energy by 2030 (4), published 
in 2008, examined the feasibility, costs, and 
benefits of supplying 20% of the nation’s 
electricity from wind by 2030. The report 
identified offshore wind as a key element 
in reaching high contributions to electri-
cal supply. In 2011, the Energy Depart-
ment and the Department of the Interior 
published a National Offshore Wind Strategy 
(2) that outlines how the departments will 
guide a national effort to enable a scenar-
io of 54 GW of offshore wind generating 
capacity by 2030 at a cost of energy of 
0.07 USD/kWh (0.09 EUR/kWh).

2.2 Progress
In 2011, the U.S. wind industry installed 
6,816 MW of generating capacity, a 30% 
increase over the capacity that was add-
ed in 2010, according to the American 
Wind Energy Association (AWEA) (1). 
In the last quarter of 2011, 3,446 MW 
came online and another 8,300 MW 
were under construction at the end of 
the year. The new capacity in 2012 will 
be added in more than 100 projects in 
31 states and Puerto Rico. Wind power 
now contributes nearly 3% of the total 
U.S. electricity supply. 

Initial numbers from the small wind 
industry show that the market declined 

Photo: Todd Spink
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by 11.3% in 2011. By the end of the 
year, cumulative capacity topped 200 
MW with 151,000 turbines deployed (1). 

2.3 National incentive programs
Federal tax and grant incentives and 
state renewable portfolio standards have 
played important roles in the growth of 
wind capacity, especially over the past 
five years. The production tax credit, a 
performance-based tax credit for kilo-
watt-hours produced by a wind farm af-
ter it is built, was enacted as part of the 
Energy Policy Act of 1992. In 2009, the 
American Recovery and Reinvestment 
Act added a 30% investment tax credit, 
extended loan guarantees to wind, and 
provided other incentives including the 
30% cash grant program that expired 
at the end of 2011. The production tax 
credit and various levels of bonus depre-
ciation are effective through 2012. Ef-
forts to renew or expand these incentives 
are underway in Congress in 2012. If the 
tax, loan, and grant incentives are allowed 
to expire, experts believe that installations 
will be minimal in 2013 and the U.S. 
wind industry will face hard times.

Another driver of wind installations 
is state-mandated renewables portfo-
lio standards (RPS) that require utilities 
to purchase a percentage of their over-
all generating capacity from renewable 
resources. As of June 2011, mandatory 
RPS programs existed in 29 states and 
Washington, D.C. Utility resource plan-
ning requirements, voluntary customer 
demand for “green” power, state clean 
energy funds, and state and regional car-
bon-reduction policies also play a role in 
supporting wind energy deployment.

2.4 Issues affecting growth
The United States is addressing the 
challenges to achieving 20% wind 
energy by 2030, which include the 
need for stable national energy poli-
cies, transmission interconnection bar-
riers, siting issues that include wind/
radar interference and wind/wildlife 
interactions, making wind energy cost 
competitive, increasing reliability and 
performance, developing technologies 
required for offshore development, and 
increasing the workforce. 

2.4.1 Use conflicts

To address conflicts that have arisen be-
tween wind energy and other resources, 

significant efforts were continued or 
launched in 2011. The U.S. Fish and 
Wildlife Service worked with stakehold-
ers in 2011 to develop voluntary guide-
lines for wind developers to assess and 
mitigate potential impacts to wildlife re-
sulting from their projects. These guide-
lines were developed in 2011 for release 
in 2012.

Global information system (GIS)-
based tools are being perfected to help 
wind developers find construction sites 
that will avoid potential conflicts with 
uses such as military radar, aircraft flight 
paths, and threatened wildlife. For ex-
ample, the Natural Resources Defense 
Council (an environmental group) and 
the U.S. Department of Defense created 
an interactive database that highlights 
potential impacts of a particular site to 
nearby military facilities and ranges, ra-
dar installations, airspace and designated 
flight paths, and wildlife distributions. 
The database can be viewed at www.
nrdc.org/energy/readgdb.asp. A similar 
Landscape Assessment Tool that focused 
solely on potential conflicts between 
wildlife and wind energy was launched 
by the American Wind Wildlife Institute 
in partnership with The Nature Conser-
vancy, and can be found at http://wind.
tnc.org/awwi/. 

To validate commercial off-the-shelf 
technologies that have the potential to 
mitigate electromagnetic interference 
from wind turbines on radar systems, the 
Energy Department, the Department of 
Defense, the Department of Homeland 
Security, and the Department of Trans-
portation’s Federal Aviation Admin-
istration established the multi-agency 
Wind-Radar Interagency Field Test & 
Evaluation partnership. The interagency 
partnership is sponsoring two national 
laboratories to conduct three demon-
stration campaigns on ten mitigation 
technologies over two years.

In 2011, the Energy Department 
continued working with its national 
laboratories, the National Wind Coor-
dinating Collaborative (NWCC), en-
vironmental groups, other government 
agencies, and industry members to un-
derstand and mitigate the effects of wind 
energy development on wildlife species 
with high potential conflict with wind 
development. The NWCC published 
a revised version of its Comprehensive 
Guide to Studying Wind Energy/Wildlife 

Interactions (5), which includes consensus 
best-practice methods and metrics for 
assessing wildlife-wind turbine interac-
tions. The NWCC is conducting three 
studies on the impacts of wind energy 
on the greater Sage-Grouse and con-
tinued ongoing studies of the Greater 
Prairie Chicken to determine the po-
tential impacts of wind on these species. 
The Bats and Wind Energy Coopera-
tive completed studies identifying two 
promising mitigation measures—cut-
in-speed adjustment and acoustic deter-
rence—with the potential to substantial-
ly reduce bat mortality at wind facilities. 
Small increases in cut-in wind speed (1 
– 3 m/s) have shown reductions in mor-
tality of 44% to 93% with minimal im-
pacts to project revenue.

Potential conflicts with existing uses 
such as military airspace and radar, envi-
ronmental protection, fisheries, and nav-
igation may turn out to be even greater 
issues for deployment of offshore wind, 
particularly in the near-term while the 
interactions between offshore wind and 
these uses remain uncertain. To address 
these barriers, in 2011, the Energy De-
partment initiated additional research 
projects through a major funding op-
portunity announcement. More infor-
mation on the studies initiated under 
this opportunity can be found in 4.1.3.

2.4.2 Economics 

Low prices for natural gas have been 
identified as stiff competition for wind 
power. One way to increase the value of 
wind-generated electricity to the utility 
is to accurately forecast when it will be 
available. According to a study conduct-
ed by the National Renewable Energy 
Laboratory (NREL), using day-ahead 
wind power forecasts for unit commit-
ment can dramatically improve system 
operation and reduce overall operation 
costs (6). To improve forecasting, NREL, 
Xcel Energy, and the National Center 
for Atmospheric Research developed a 
dynamic integrated forecast system that 
combines the outputs of various numer-
ical weather forecasting models and real 
time observations at wind plants (7). The 
forecasting error measured in terms of 
mean-absolute-percent-error decreased 
dramatically in the three Xcel plants that 
had the new system installed. 

The Energy Department also 
launched a 6 million USD (7.8 million 
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USD) project with the National Ocean 
and Atmospheric Administration (NO-
AA) and private partners to collect data 
and assess utility benefits of improved 
forecasting. The research teams will use 
LIDAR, SODAR, and other instru-
mentation to improve NOAA's mod-
els that are used by commercial wind 
power forecasters. 

2.4.3 Education and training

According to AWEA, as of February 
2012, 256 educational programs offered 
coursework related to wind energy edu-
cation and workforce training. Of those 
programs, 46% are offered by communi-
ty colleges, technical schools, and train-
ing centers; 41% are university programs; 
9% are specialty online or research pro-
grams; and 4% are in primary and sec-
ondary schools (1). 

AWEA instituted the Wind Tur-
bine Service Technician Program Seal 
of Approval and issued three approvals 
to workforce training programs in Iowa, 
Oregon, and Texas in 2011. 

The Energy Department’s Wind for 
Schools project raises awareness in rural 
America about the benefits of wind en-
ergy and works to develop a wind en-
ergy workforce. The project is active in 
11 states and has installed 97 small wind 
systems in host primary and secondary 
schools. These schools are paired with 
Wind Application Centers at in-state 
universities where university students  
learn by doing and provide host primary 
and secondary schools with technical 
assistance related to wind resource and 
energy usage analysis, siting, permitting, 
land use, financial analysis, installation 
of power and data acquisition systems, 
and analysis of performance data. In 
2011, more than 60 university students 
graduated having been involved in Wind 
Application Center activities such as 
engaging in wind-energy-related edu-
cational opportunities in and out of the 
classroom, supporting K-12 schools in-
volved with Wind for Schools, and on-
campus employment opportunities. 
 
3.0 Implementation 
3.1 Economic impact
Wind energy development in the Unit-
ed States supports at least 472 manu-
facturing facilities across the nation. In 
2011, the U.S. wind industry provided 

an estimated 75,000 jobs - 30,000 of 
which were in the manufacturing sec-
tor. Nineteen new manufacturing facili-
ties that produce everything from towers 
and generators to subcomponents came 
online in 2011 (1).

3.2 Industry status
3.2.1 Utility-Scale sales 

GE Energy continued to lead the util-
ity-scale wind turbine manufacturing 
market in 2011 providing 2,006 MW 
of wind turbine capacity. Vestas rose to 
a close second and gained market share 
to supply 1,969 MW in 2011 com-
pared to 221 MW in 2010. Siemens 
sales grew to 1,233 MW from 828 
MW in 2010. Gamesa sales declined 
to 152 MW in 2011 from 564 MW in 
2010. New sales appeared in 2011 for 
Aeronautica, Alstom, Goldwind, Hyun-
dai, Kenersys, Sany, Sinovel, Unison, 
and VENSYS.

3.2.2 Offshore deployment

A resource assessment released by 
NREL (Figure 1), estimated that the 
United States has an offshore wind 
gross resource potential of 4,000 GW 
at 90 m. This is roughly four times the 
generating capacity currently carried on 
the entire U.S. electric grid. Although 
this number does not consider environ-
mental and socioeconomic constraints, 
developing even a small percentage 
of this potential would make offshore 
wind a substantial contributor to the 
U.S. electric supply. No offshore wind 
facilities were installed in 2011, but 15 
different projects across 10 states have 
been proposed as well as an offshore 
transmission line (1).

3.2.3 Small wind sales

According to preliminary reports from 
AWEA (1), the small wind systems mar-
ket declined slightly from 25.6 MW in 
2010 to 22.7 MW in 2011.The sales 
consisted of 2,700 turbines and 135 
million USD (174 million EUR) in in-
stalled system revenue. 

The Small Wind Certification 
Council (SWCC) certified the first two 
small wind turbines and issued con-
sumer labels in 2011. Twenty-seven ad-
ditional turbine models are pursuing 
certification, which requires conform-
ing to the AWEA Small Wind Turbine 

Performance and Safety Standard and 
completing the SWCC or other accred-
ited certification body’s review process.

3.3 Operational details
More than 38,000 wind turbines with 
capacity ratings greater than 1 MW are 
in commercial operation in the United 
States, and almost 3,500 turbines were 
installed in 2011. The average capac-
ity of new turbines installed in 2011 was 
1.97 MW, compared with 1.77 MW for 
2010. At least 96 projects were completed 
in 2011. The average project size was 71 
MW, up from 48 MW in 2010.

Electricity production from the U.S. 
wind fleet was 26.5% greater in 2011 
than in 2010, and it met 2.9% of total U.S. 
electrical demand (3). The performance of 
wind facilities in the United States is be-
ing tracked in a reliability database funded 
by the Energy Department. The Continu-
ous Reliability Enhancement for Wind 
(CREW) Database enables analysis to 
improve the performance of wind facili-
ties. Data from the first CREW Bench-
mark Report (8) covers three seasons 
and 58,000 turbine-days (the number of 
turbines times the number of days in the 
time period) of data. 

3.4 Wind energy costs
According to the 2011 Wind Technologies 
Market Report (9) the capacity-weighted 
average sales price in 2011 for bundled 
power and renewable energy certificates 
was roughly 74 USD/MWh (55 EUR/
MWh). This price is based on a sample 
of projects built in 2011 and is essen-
tially unchanged from the average of 
73 USD/MWh (54 EUR/MWh) for 
the sample of projects built in 2010, but 
higher than 61 USD/MWh (45 EUR/
MWh) for the sample of projects built 
in 2009. When grouped by the year in 
which each project’s power purchase 
agreement (“PPA”) was executed rather 
than by the year in which each project 
achieved commercial operations, how-
ever, the full project sample exhibits 
falling prices since 2009. Specifically, the 
capacity-weighted average levelized PPA 
price among those wind power projects 
with PPAs signed in 2011 is 35 USD/
MWh (26 EUR/MWh), down from 59 
USD/MWh (44 EUR/MWh) for PPAs 
signed in 2010 and 72 USD/MWh (54 
EUR/MWh) for PPAs signed in 2009.
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Figure 1. A new 80-m wind resource map produced by NREL and AWS Truepower in 2012 shows the pre-
dicted mean annual wind speeds at an 80-m height (Source: NREL)

This discrepancy in price between proj-
ect and PPA vintage is attributable to 
an unusually long lag time between 
when PPAs were signed and when proj-
ects achieved commercial operations. 
For example, some projects that were 
built in 2011 signed PPAs as far back as 
2008 – i.e., at the height of the market 
for turbines – thereby locking in prices 
that ended up being above market in 
2011 once those projects were finally 
operational.

Another study published in 2011, 
Understanding Trends in Wind Turbine Prices 
Over the Past Decade (10), examines seven 
primary drivers that may have contrib-
uted to higher-than-expected turbine 
prices. Drivers include labor costs, war-
ranty provisions, manufacturer profitabil-
ity, turbine scaling, raw materials prices, 
energy prices, and foreign exchange 
rates. The analysis found that all of the 
factors contributed to higher prices 
through 2008. Since 2008, however, 
turbine prices have declined by roughly 
one-third. Unlike the other drivers ana-
lyzed, increased cost per installed kilo-
watt due to up-scaling resulted in a low-
er levelized cost of energy.

To understand factors driving U.S. 
offshore wind costs, Energy Department 
researchers developed a pro-forma cash 
flow model to calculate the levelized 
cost of energy and the break-even price 
required for financial viability. They 
identified input values from their analy-
ses of capital markets and assessment of 
35 operating and planned projects in 
Europe, China, and the United States. 
They ran the model for inputs appropri-
ate to U.S. policies, electricity markets, 
and capital markets to assess how chang-
es in policy incentives, project inputs, 
and financial structure affect the break-
even price of offshore wind power. The 
model and documentation are publicly 
available (11).

4.0 RD&D Activities
4.1 National RD&D efforts
The Wind and Water Power Program 
(WWPP) in the U.S. Department of 
Energy’s Office of Energy Efficiency 
and Renewable Energy supports the de-
velopment and deployment of wind and 
water power technologies. WWPP is 
one program that contains two distinct 
focus areas: wind and water. The Wind 

Program and the Water Power Program 
operate as integrated, but separate sub-
programs within WWPP. The Wind Pro-
gram makes competitive awards to the 
wind industry, universities, and 12 U.S. 
national laboratories to reduce the level-
ized cost of wind energy through inno-
vative research, specifically in the areas of 
wind plant performance improvement, 
increased wind plant reliability, and the 
development of next-generation wind 
turbine systems and components. Areas 
of research include electrical grid inte-
gration, complex flow characterization, 
wind resource assessment and forecast-
ing, wind turbine component failure 
mitigation, advanced rotor and drive-
train development, improved manu-
facturing methods, public acceptance 
through education, and responsible sit-
ing to avoid use conflicts. 

The Wind Program budget was 80 
million USD (103 million EUR) in fis-
cal year 2011 and will rise to 93.5 mil-
lion USD (120.9 million EUR) in 2012. 
The Energy Department requested 95 
million USD (122 million EUR) for the 
Wind Program for 2013 (12). 
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Figure 2. Large wind turbines 
commissioned at Energy Depart-
ment-supported test sites in 2011. 
Left to right: Clipper Liberty 2.5-
MW; Gamesa G97 2-MW Class 
IIIA; Alstom 3-MW Eco 100 

4.1.1 Test facilities update

Megawatt-scale turbine testing

The Energy Department is currently 
conducting testing on four full-scale 
wind turbines at NREL’s National Wind 
Technology Center (NWTC); a GE 
1.5-MW turbine purchased by the En-
ergy Department, a Siemen’s 2.3-MW 
turbine, an Alstom 3-MW turbine, and 
a Gamesa 2-MW turbine (Figure 2). 
The Alstom and the Gamesa turbines, 
which were installed in 2011, will un-
dergo power quality, acoustic noise, and 
system performance tests. The measure-
ments will be carried out according to 
IEC standards. 

Also in 2011, the Energy Depart-
ment funded university-led consortia 
with industry to acquire utility-scale 
wind turbines, conduct R&D, and train 
the next generation of wind industry 
technicians and engineers. The Univer-
sity of Minnesota installed its first large 
wind turbine, a 2.5-MW Clipper Liber-
ty wind turbine, at the new Eolos Wind 
Energy Research Station in Rosemont, 
Minnesota, and the Illinois Institute of 
Technology installed a 1.5-MW GE 
wind turbine located at a wind farm in 
Marseilles, Illinois. Figure 3. A 46.7-m blade undergoing commissioning tests at the new Wind Technol-

ogy Testing Center in Boston, Massachusetts (Source: NREL/PIX 19939)

The Energy Department is build-
ing a new test site near Texas Tech 
University in Lubbock, Texas, to help 
manufacturers and developers improve 
turbine reliability and wind farm per-
formance. Initially, the site will include 

two 225-kW wind turbines and three 
anemometer towers, with the poten-
tial to expand to nine or more wind 
turbines. Sandia National Laboratories, 
Texas Tech, and Group National Insti-
tute of Renewable Energy will operate 
the facility to explore turbine-to-turbine 
interactions; evaluate innovative rotor 
technologies; and investigate aero-acous-
tics, aero-elasticity, and structural health 
monitoring using embedded sensor 
systems. 

New blade test facility opens

The Wind Technology Testing Center 
in Boston, Massachusetts, was opened 
in May 2011 and it completed its first 
test on a commercial blade. Construct-
ed with funding from the Energy De-
partment through the Recovery Act 
and from the state of Massachusetts, it 
is the first facility in the United States 
equipped to test blades up to 90 m long. 
The facility’s high bay features three test 
stands and an overhead bridge crane 
rated for 100 tons. The facility provides 
industry partners with commissioning 
testing, prototype development, blade 
repair, and workforce training (Figure 3). 

Drivetrain test facilities

In 2011, construction began on a 5-MW 
dynamometer test facility funded under 
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the Recovery Act at NREL’s NWTC. 
The facility will test the largest wind tur-
bine drivetrains used in land-based mar-
kets. It will simulate wind loads in six 
degrees-of-freedom, the most complete 
simulation of wind turbine operating 
conditions available in North America. 
The dynamometer test facility will also 
simulate the grid connection for tests of 
low-voltage ride-through capability, re-
sponse to faults, and reaction to other ab-
normal grid conditions. 

Also through the Recovery Act, the 
Energy Department is funding the con-
struction of a test facility for large drive-
trains in South Carolina. The new facil-
ity is being built by Clemson University 
at the Charleston Naval Complex. It 
will have 7.5-MW and 15-MW dyna-
mometers for testing land-based and 
offshore wind turbine drivetrains and 
will feature power analysis equipment 
capable of performing highly accelerated 
endurance testing. 

4.1.2 Selected research progress

Offshore wind development

Floating wind turbine platforms will be 
needed to take full advantage of the vast 
offshore wind resources in the United 
States because most of that resource is 
located over water with depths greater 
than 60 m. To account for dynamic re-
sponses of floating platforms, a new 
NREL-enhanced simulation tool (13) 
combines the computational method-
ologies used to analyze land-based wind 
turbines with hydrodynamic computer 
programs and methodologies devel-
oped for the offshore oil and gas indus-
tries. The tool was used to analyze three 
floating-platform concepts: a tension-leg 
platform, a spar buoy, and a barge system.

Components

The Energy Department awarded 7.5 
million USD (9.7 million EUR) to six 
companies in 2011 to support the de-
velopment of the next generation of 
advanced drivetrains for both land-
based and offshore wind turbines. The 
recipients will conduct technology cost 
and readiness assessments for six months 
and then compete to receive additional 
funds to conduct performance tests on 
their new designs.

Drivetrains

To validate the typical gearbox de-
sign process, the Energy Department 
and NREL launched the Wind Tur-
bine Gearbox Reliability Collabora-
tive in 2006. The collaborative brought 
together the world’s leading turbine 
manufacturers, consultants, and experts 
from more than 30 companies and or-
ganizations to conduct a comprehensive 
dynamometer and field-test program on 
extensively instrumented gearboxes. The 
group’s first report, published by NREL 
in 2011 (14), describes the project’s ma-
jor objectives, the activities conducted to 
date, and findings that will help to im-
prove wind turbine gearbox reliability. 
The report also contains recommenda-
tions for future research.

Blades

Sandia National Laboratories (Sandia) 
began field-testing its Structural and 
Mechanical Adaptive Rotor Technol-
ogy blades in 2011. The new blades are 
based on the Sandia CX-100 blade de-
sign and incorporate small trailing-edge 
flaps along the outer 6 ft of each 30-ft 
blade. The small, lightweight flaps are 
driven by individual electric actuators 
and are designed to respond quickly to 
wind velocity changes caused by gusts 
or vertical wind shear. They have in-
ternally mounted structural sensors and 
surface-mounted aerodynamic sensors. 
The result should be improved control 
during peak loads. The experimental 
data will be used to quantify the ben-
efits of this approach. 

The Blade Reliability Collaborative 
is a project lead by Sandia with partici-
pation of industry partners active in the 
blade supply chain. The Collaborative 
works to address the reliability of wind 
turbine blades as they are delivered to 
the field and operated for the turbine 
lifetime. The Collaborative is using a 
database of blade failures, analyses on 
the effects of defects, and evaluation of 
inspection techniques in order to bet-
ter design, test, and certify wind turbine 
blades for higher reliability.

The Advanced Manufacturing Ini-
tiative at Sandia is working with indus-
try to improve manufacturing processes 
and create U.S. jobs by improving labor 

productivity in wind turbine blade con-
struction. In 2011, this effort complet-
ed a virtual factory model for a plant 
owned by research partner TPI Com-
posites. The team also demonstrated a 
true 3-D laser projection system cou-
pled to 3-D composite part simulation 
software that resulted in labor savings of 
10.4% for blade molding and 3.75% for 
total labor per blade. 

Grig integration studies

Phase 1 of the Western Wind and Solar 
Integration Study (15) found that pene-
tration levels up to 30% of wind and 5% 
of solar energy would be feasible if sig-
nificant changes were made to operating 
practices, such as balancing area coop-
eration and intra-hour scheduling. Phase 
2 of the study, launched in 2011, will 
explore the increased maintenance costs 
resulting from more frequent ramping 
and cycling of conventional coal and 
gas generators to accommodate wind 
and solar energy. The work will identify 
when it makes sense to upgrade a con-
ventional generator to better accommo-
date wind and solar, and it will develop 
options to lower overall costs by reduc-
ing the cycling and ramping of conven-
tional generators.

4.1.3 Selected new projects

Offshore wind technology

The Energy Department awarded 43 
million USD (55 million EUR) (sub-
ject to Congressional appropriations) 
for 41 offshore wind R&D projects 
across 20 states over the next five years. 
Nineteen projects will address techni-
cal challenges that include R&D for 
key components such as floating sup-
port structures and turbine rotor and 
control subsystems that reduce capital 
costs; advancement of the current state-
of-the-art modeling and analysis tools; 
and development of conceptual designs 
that enhance energy capture, improve 
performance and reliability, and reduce 
costs. Twenty-two projects will address 
factors limiting deployment of offshore 
wind, including market and economic 
analysis; environmental risk reduction; 
manufacturing and supply chain de-
velopment; transmission planning and 
interconnection studies; optimizing 
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infrastructure and operations; resource 
characterization; and impact on elec-
tronic equipment and the marine 
environment. 

Continuing grid integration studies

New research at NREL is exploring 
the ability of wind power plants to pro-
vide active power control or ancillary 
services. The research includes the eco-
nomic, dynamic, and structural impacts 
to the utility system and to the wind 
turbine and its components. The study 
seeks to document how allowing wind 
to provide these controls will serve to 
support system reliability and earn po-
tential additional revenues in ancillary 
services markets.

The Eastern Renewable Genera-
tion Integration Study, begun in 2011, 
addresses items identified in previous 
studies and explores how to plan and 
operate the Eastern Interconnection 
in the face of generation and transmis-
sion uncertainty. The study will evalu-
ate the ability of greater inter-regional 
cooperation, geographic diversity and 
sub-hourly scheduling to provide op-
erational flexibility, identify the need for 
any mitigation strategies (e.g., demand 
response, energy storage, wind curtail-
ment) at high levels of penetration, de-
velop and test various reserve strategies 
to accommodate ramping requirements 
(e.g., renewable generation, load, and net 
load ramps), explore the impact of key 
assumptions on analytical results (e.g., 
transmission reinforcements, emissions 
rules, fuel costs), and provide more de-
tailed analysis of results (e.g., regional 
and inter-regional impacts).

4.2 International  
collaborative research 
In 2011, the Energy Department pub-
lished the results of a global examina-
tion of successful wind energy grid in-
tegration practices. The project gathered 
insights from 33 grid operators in 18 
countries for the integration of more 
than 141 GW of installed wind capac-
ity. The resulting report outlines the best 
practices discovered (16).

The Energy Department Wind Pro-
gram is collaborating with SWAY AS, 
Norway, to collect and analyze data for 
a 1/5 scale prototype deployed offshore 
near Rong, Norway. The data will be 

used to validate numerical models for 
simulating offshore wind turbines. The 
Energy Department is also collaborat-
ing with Principle Power on a project in 
Portugal to assess the performance and 
viability of WindFloat, a 2-MW demon-
stration project that supports a Vestas V80 
turbine with a semisubmersible support 
structure. WindFloat places the turbine 
on one of the three columns rather than 
at the center of the platform. 

Other international collaborations 
in 2011included work with the Inter-
national Electrotechnical Commission, 
the Institute of Electrical and Electron-
ics Engineers, Underwriters Laboratory, 
the International Measuring Network 
of Wind Energy Institutes, and the IEA 
Wind Implementing Agreement. 

U.S. researchers benefit from IEA 
Wind topical expert meetings sponsored 
by IEA Wind Task 11, Base Technol-
ogy Information Exchange. The Energy 
Department Wind Program supported 
U.S. researchers, who acted as managers 
(operating agents) for Task 24, Integra-
tion of Wind and Hydropower Systems 
(which issued final technical reports in 
2011); Task 26, Cost of Wind Energy; 
Task 30, OC4; and Task 31, Benchmark-
ing of Wind Farm Flow Models. U.S. 
experts participate in Task 25, Power 
Systems with Large Amounts of Wind 
Power, which addressed issues of grid 
integration that are relevant in all coun-
tries. The U.S. representatives worked 
with Task 27, Consumer Labeling of 
Small Wind Turbines, to develop a la-
beling protocol for small wind turbines. 
The United States also will participate 
in the new IEA Wind Task 32, Lidar 
Systems for Energy Development.

5.0 The Next Term
In March 2012, the Energy Department 
announced that 180 million USD (232 
million EUR) (subject to Congressional 
appropriations) will be made available 
over the next six years to accelerate the 
development and deployment of break-
through offshore wind power technolo-
gies. An initial 20 million USD (26 mil-
lion EUR) will be available in 2012 as 
the first step in supporting up to four 
innovative offshore wind energy instal-
lations across the country. Also in early 
2012, the Energy Department held a 
workshop to identify opportunities for 

improvements in wind plant perfor-
mance though a better understanding 
of complex aerodynamic phenomena. 
Given that power losses from wake in-
teractions and other complex aerody-
namics can be as high as 20%–30% in 
operating wind farms, research in this 
area can have a significant impact on re-
ducing the cost of wind energy. In the 
coming term, complex flow R&D will 
be a vital part of the Energy Depart-
ment’s research portfolio. The Energy 
Department also will expand its efforts 
on market acceleration and continue its 
ongoing R, D&D activities.
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Appendix B

IEA Wind 
Executive Committee 2011
These are the members who served in 
2011. Serving members change oc-
casionally. For the current member-
ship and contact information, visit 
www.ieawind.org and select IEA Wind 
Members.

CHAIR 
Hannele Holttinen
Technical Research Center of Finland 
VTT
Email: hannele.holttinen@vtt.fi 

VICE CHAIRs
Joachim Kutscher
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Email: j.kutscher@fz-juelich.de
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Patricia Weis-Taylor
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Email: IEAWind@comcast.net
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ALTERNATE MEMBERS
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Member
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Clean Energy Council
Email: leah@cleanener-
gycouncil.org.au

AUSTRIA
Member
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Bundesministerium fur Verkehr, 
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Email: theodor.zillner@bmvit.gv.at
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Johann Winkelmeier 
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Email: ALacroix@NRCan.gc.ca 
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He Dexin
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Alternate
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Email: qinhy@cwea.org.cn

DENMARK
Member
Hanne Thomassan
Danish Energy Agency
Email: hth@ens.dk 

Alternates 
Jørgen K. Lemming
Organization Risø DTU
Email: jqle@risoe.dtu.dk

Peter Hauge Madsen
Risoe National Laboratory
Email: npha@risoe.dk

EUROPEAN COMMISSION
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Thierry Langlois d’Estaintot 
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Email: thierry.d›estaintot@
ec.europa.eu

EUROPEAN WIND 
ENERGY ASSOCIATION 
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Jacopo Moccia
EWEA
Email: jacopo.moccia@ewea.org 

Alternates
Justin Wilkes
EWEA
Email: justin.wilkes@ewea.org

Filippo Gagliardi 
EWEA
Email: filippo.gagliardi@ewea.org

FINLAND
Member
Mauri M. Marjaniemi
TEKES, Finnish Funding Agency for 
Technology and Innovation
Email: mauri.marjaniemi@tekes.fi

Alternates
Esa Peltola
Technical Research Center 
of Finland VTT
Email: esa.peltola@vtt.fi

Hannele Holttinen
Technical Research Center 
of Finland VTT
Email: hannele.holttinen@vtt.fi 

GERMANY
Member
Joachim Kutscher 
Forschungszentrum Jülich GmbH
Email: j.kutscher@fz-juelich.de

Alternate
Stephan Barth ForWind - Center for 
Wind Energy Research
Email: Stephan.barth@forwind.de
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GREECE
Member
Kyriakos Rossis
Centre of Renewable Energy 
Resources (CRES)
Email: kros@cres.gr

IRELAND
Member 
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The Sustainable Energy 
Authority of Ireland
Email: john.mccann@seai.ie

Alternate 
Martin McCarthy
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Ireland
Email: martin.mccarthy@reio.ie

ITALY
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Cheolwan Kim
Korea Aerospace Research Institute
Email: cwkim@kari.re.kr

MEXICO
Member
Marco A. Borja
Instituto de Investigaciones  
Electricas
Email: maborja@iie.org.mx

NETHERLANDS
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Imar O. Doornbos
Ministerie van Economische Zaken
Email: I.O.Doornbos@minez.nl 
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Jaap ’t Hooft
NL Agency 
jaap.thooft@agentschapnl.nl

NORWAY
Members
Karen Nybakke
Norwegian Water Resources and 
Energy Directorate (NVE)
Email: kany@nve.no

Espen Borgir Christophersen
The Research Council of Norway
Email: ebc@forskningsradet.no

Alternate
Knut Hofstad
Norwegian Water Resources and 
Energy Directorate (NVE)
Email: kho@nve.no 

PORTUGAL
Member
Ana Estanqueiro
LNEG	-	Laboratório	Nacional	de	Ener-
gia e Geologia, I.P.
Email: ana.estanqueiro@lneg.pt

Alternate
Alvaro Rodrigues
Universidade do Porto
Email: ahr@fe.up.pt

SPAIN
Member
Enrique Soria
CIEMAT
Email: enrique.soria@ciemat.es

Alternate Member
Ignacio Cruz 
CIEMAT
Email: ignacio.cruz@ciemat.es 

SWEDEN
Member 
Andreas Gustafsson 
Swedish Energy Agency
Email: andreas.gustafsson@swedishener-
gyagency.se 

Alternate
Sven-Erik Thor
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Email: sven-erik.thor@
vattenfall.com

SWITZERLAND
Member
Katja Maus
Swiss federal office of energy
Email: katja.maus@bfe.admin.ch

Alternates
Markus Geissmann
Swiss federal office of energy 
Email: markus.geissmann@bfe.admin.ch

Robert Horbaty
ENCO Energie-Consulting AG 
Email: robert.horbaty@enco-ag.ch

UNITED KINGDOM
Member
Allan Taylor
Department of Energy 
and Climate Change 
Email: allan.taylor@decc.gsi.gov.uk 

Alternate
Richard Brooks
Department of Energy 
and Climate Change 
E-mail: richard.brooks@decc.gsi.gov.uk

UNITED STATES
Member
Jim Ahlgrimm
Department of Energy
Email: Jim.Ahlgrimm@ee.doe.gov
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Alternates
Brian Smith
National Renewable Energy Laboratory 
Email: brian.smith@nrel.gov

Robert W. Thresher
National Renewable Energy Laboratory
Email: Robert.thresher@nrel.gov

OPERATING AGENT 
REPRESENTATIVES

Task 11 Base Technology 
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Félix Avia
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Esa Peltola
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Hannele Holttinen
VTT Processes
Email: hannele.holttinen@vtt.fi 
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Email: schepers@ecn.nl
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Energy Laboratory
Email: walter.musial@nrel.gov

Jason Jonkman
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Energy Laboratory
Email: jason.jonkman@nrel.gov

Fabian Vorpahl
Fraunhofer Institut für Windenergie 
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Javier Sanz Rodrigo
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Martin Kühn
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Appendix C

Currency Conversion Rates IEA Wind Annual Report 2011
Country Currency 1 EUR 1 USD

Australia AUD 0.786 0.983

Austria EUR 1 1.294

Canada CAD 0.757 1.021

China Yuan 0.123 0.159

Denmark DKK 0.134 0.174

Finland EUR 1 1.294

Germany EUR 1 1.294

Greece EUR 1 1.294

Ireland EUR 1 1.294

Italy EUR 1 1.294

Japan JPY 0.0099 0.013

Korea KRW 0.000599889 0.0008642

Mexico MXP 0.055 0.072

Netherlands EUR 1 1.294

Norway NOK 0.129 0.167

Portugal EUR 1 1.294

Spain EUR 1 1.294

Sweden SEK 0.112 0.145

Switzerland CHF 0.823 1.064

United Kingdom GBP 1.126 1.62212

United States USD 0.744 1

"Source: Federal Reserve Bank of New York (www.x-rates.com) 
30 December 2011"
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Availability: the percentage of time that 
a wind plant is ready to generate (that is, 
not out of service for maintenance or 
repairs). 
Capacity factor: a measure of the 
productivity of a wind plant that is the 
amount of energy the plant produces 
over a set time period, divided by the 
amount of energy that would have been 
produced if the plant had been running 
at full capacity during that same time in-
terval. For wind turbines, capacity factor 
is dependent on the quality of the wind 
resource, the availability of the machine 
(reliability) to generate when there is 
enough wind, the availability of the util-
ity distribution system (no curtailment), 
and the accuracy of nameplate rating. 
Most wind power plants operate at a ca-
pacity factor of 25% to 40%. 

CCGT: combined cycle gas turbines
CCS: carbon capture and 
sequestration (or storage)
CHP: Combined heating and power 
or cogeneration of heat and power
CIGRE: International Coun-
cil on Large Electric Systems
CO

2
e: carbon dioxide equivalent 

COE: Cost of energy

DFIG: doubly-fed induction generator
DSM: demand side management

EC: European Commission
EIA: environmental impact assessment
ENARD: Electricity Networks 
Analysis, Research and Development 
an IEA Implementing Agreement
EU: European Union
ExCo: Executive Committee 
(of IEA Wind)

Feed-in tariffs (FIT): mandates 
for utilities to buy the electricity 
fed into the grid by system owners 
at a fixed price over the long term. 
The cost is then redistributed 
over all electricity customers.
FY: fiscal year

GEF: Global Environment Facility
GHG: greenhouse gas
GIS: geographical information system
GL: Germanischer Lloyd 
certification body
GW: gigawatt (1 billion watts)
GWh: gigawatt hour = 3.6 Terajoules

HAWT: horizontal axis wind turbine
Hydro: hydroelectric power

IEA: International Energy Agency
IEC: International Electro-
Technical Commission
IEEE: Institute of Electrical 
and Electronics Engineers
IPP: independent power producer
ISO: international stan-
dards organization
IT: Information technology

kW: kilowatt (one thousand watts)
kWh: kilowatt hour 

LVRT: low-voltage ride-through

m: meter
m a.g.: meters above ground
m.a.s.l.: meters above sea level
MOU: memorandum of understanding
Mtoe: million tonnes of oil equivalent
MW: megawatt (one million watts)
MWh: megawatt hour
m/s: meters per second

NA: not applicable (or not available)
NGO: non-governmental organisations.

O&M: operations and maintenance

PJ: peta joule
PPA: power purchase agreement 
PSO: public service obligation
PV: photovoltaics or solar electric cells

R&D: research and development
R, D&D: research, develop-
ment, and deployment
RE: renewable energy
RES: renewable energy 
systems (or sources)
repowering: taking down old turbines 
at a site and installing newer ones 
with more generating capacity.
RO: renewables obligation
RPS: renewables portfolio standard

S.A.: Sociedad Anonyma

tCO
2
-e per capita: tonne of carbon 

dioxide emissions per person
TNO: transmission network operator
Toe: tonne of oil equivalent 
TSO: transmission system operators
TWh: terawatt hour (one 
trillion watt hours)

UN: United Nations
UNDP: United Nations 
Development Programme 

VAT: value added tax
VAWT: vertical axis wind turbine

Wind index: the energy in the wind 
for the year, compared to a normal year.
WT: wind turbine

Yr: year
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World wind capacity now generates enough electricity to meet about 3% of the world’s electricity 
demand. In 2011, 85% of the world’s wind generating capacity resided in the member countries of the 
International Energy Agency Wind Implementing Agreement (IEA Wind). During that year, these countries 
added nearly 34 GW (33,600,000,000 Watts) of wind generation for a total of about 203 GW of wind 
generating capacity. 

Through IEA Wind, the participating countries work together to increase the contribution of wind energy 
to their electrical generation mix. Sharing information and working in co-operative research tasks greatly 
multiplies the efforts of each country and advances wind energy development. Members come from 
Europe, North America, Asia, and the Pacifi c. Potential new member countries are encouraged to attend 
meetings and begin the process of joining. 

This  IEA Wind 2011 Annual Report 
presents the work of the co-operative 
research tasks, including contributions 
to IEC standards development for 
grid integration, aerodynamic model 
advances, research supporting offshore 
wind deployment, work to label small 
wind turbines, work to understand public 
acceptance of wind energy projects, and 
development of analysis tools to advance 
the technology and reduce the costs of 
wind energy. 

The 20 member countries, the Chinese 
Wind Energy Association, the European 
Commission, and the European Wind 
Energy Association have contributed 
information for 2011 about how they 
have progressed in the deployment of 
wind energy, how they are benefi ting from 
wind energy development, and how they 
are devising strategies and conducting 
research to increase wind’s contribution 
to the world energy supply.
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