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Welcome to the TEA
Wind 2012 Annual Re-
port of the coopera-

tive research, develop-
ment, and deployment
(R,D&D) efforts of our
member governments and
organizations. IEA Wind
helps advance wind en-
ergy in countries repre-
senting 85% of the world's
wind generating capacity.
In 2012 record ca-
pacity additions (MW)
were seen in nine member countries, and coop-
erative research produced five final technical re-
ports as well as many journal articles and confer-
ence papers. The technical reports include:

e IEA Wind Task 19 State-of-the Art Report of

Wind Energy in Cold Climates

* Design and operation of power systems with large

amounts of wind power: Final summary report, IEA

Wind Task 25, Phase two 2009-2011

* The Past and Future Cost of Wind Energy, IEA

Wind Task 26 Work Package 2 Report,

e Final Report IEA Wind Task 28 on Social Accep-

tance of Wind Energy Projects 2008—2011

e Final report of IEA Wind Task 29, Mexnext

(Phase 1): Analysis of MEXICO wind tunnel

measurements.

In 2012, we approved another IEA Wind
Recommended Practice, RP 13 Wind Energy Proj-
ects in Cold Climates, which contributed to reduc-
ing the risks of projects in cold climates, where
the wind resource is so abundant. We held Topi-
cal Experts Meetings on advances in wind turbine
and component testing, social acceptance of wind
energy projects, and wind farm control methods.
Moving forward, we approved a new research task
to share results on environmental assessment and
monitoring techniques for wind developments on
land and oftshore.

In 2013, we expect to approve Recommended
Practices on social acceptance of wind energy proj-
ects, on remote wind speed sensing using SODAR
and LIDAR, and on conducting wind integration
studies. The 12 active research tasks of IEA wind will
offer members many options to multiply their na-
tional research programs, and a new task on ground-
based testing of wind turbines and components is
being discussed for approval in 2013.

With market challenges and ever-changing re-
search issues to address, the IEA Wind co-operation
works to make wind energy an ever better green
option for the world's energy supply. Considering
these accomplishments and the plans for the coming
years, it is with great satisfaction and confidence that
I hand the Chair position to Jim Ahlgrimm of the
United States.

Hannele Holttinen
Chair of the Executive Committee, 2011 to 2012

Jim Ahlgrimm
Chair-Elect of the Executive Committee
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Source: PWT Communications

1.0 Introduction
‘ x Jind generation now meets a signifi-
cant percentage of electrical demand
worldwide. In 2012, the world added a re-
cord 44.8 gigawatts (GW) of wind genera-
tion, bringing the total to more than 282.5
GW (GWEC 2013). This capacity, now op-
erating in 100 countries, can provide more
than 3% of the world’s electricity demand
(WWEA 2013).
Nearly 85% of the world’s wind-gen-
erating capacity resides in the 21 countries
participating in the I[EA Wind Implementing

Agreement, an international co-operation
that shares information and research activities
that advance wind energy deployment. These
[EA Wind member countries added nearly
37 GW of capacity in 2012, which is more
than 82% of the worldwide market for the
year. With approximately 240 GW of wind
generating capacity, electrical production
from wind met 3.3% of the total electrical
demand in the TEA Wind member countries
(Tables 1-3).

This IEA Wind 2012 Annual Report con-
tains chapters from each member country, the

Chinese Wind Energy Association (reporting
on the Peoples Republic of China), and the
European Wind Energy Association and Eu-
ropean Commission (reporting on all of the
European Union countries). The countries
report on 2012 activities: how much wind
energy they have deployed, how they benefit
from wind energy, and how their policies and
research programs will increase wind’s contri-
bution to the world energy supply. This 2012
annual report also presents the latest research
results and plans of the 13 active co-operative
research activities (Tasks) of IEA Wind.

2012 Annual Report



Record increases

in MW capacity

were reported in
Australia, Austria,
Finland, Italy, México,
Norway, Sweden,
United Kingdom, and
the United States.

Table 1. Key Statistics of IEA Wind Member
Countries through December 31, 2012

Total installed capacity

239.59 GW

Total offshore wind capacity*

4.58 GW

Total new wind capacity installed

On land 35.71 GW

demand in 2012

Wind members’ national electric

in 2012 Offshore 1.25 GW

Total 36.96 GW
Total annual output from wind 449.39 TWh
Wind generation as a percent of IEA 3.3%

are considered offshore.

* In the International Electrotechnical Commission (IEC) Standard Document, IEC
61400-3 (Offshore Wind Turbines), offshore wind turbine is defined as a “wind
turbine with a support structure which is subject to hydrodynamic loading.” For
this report, wind turbines standing in lakes, rivers, and shallow and deep waters

Table 2. National Statistics of the IEA Wind Member Countries 2012

Country Total installed | Total offshore Annual net Total number Average Wind- National National
wind capacity | installed wind increase in of turbines capacity of generated electricity electricity
(MW) capacity capacity new turbines electricity demand demand
(MW) (MW) (kW) (TWh/yr) (TWh/yr) from wind*
(%)
Australia 2,584 0 358 1,397 2,000 7.7 226.0* 3.4%
Austria 1,378 0 296 763 2,740 2.5 60.5 5.0%
Canada 6,201 0 936 3,580 1,975 16.3 590.0 2.8%
China 75,324 389.6 12,960 53,764 1,646 100.4 4,940.0 2.0%
Denmark 4,162 920.0 210 5,016 2,731 10.3 34.9 29.9%
Finland 288 26.0 90 162 2,800 0.5 85.2 0.6%
Germany 31,315 280.0 2,244 22,962 2,377 46.0 594.5 7.7%
Greece** 1,749 0 117 1,357 1,145 3.3 57.0 5.8%
Ireland 1,827 25.0 153 1,266 2,420 4.0 27.8 14.5%
Italy 8,144 0 1,266 6,166 1,760 13.1 325.3 4.0%
Japan 2,614 25.3 78 1,887 2,438 4.5 860.8 0.52%
Korea 487 2.0 81 301 1,209 0.86 4511 0.2%
México 1,212 0 645 800 1,500 3.4 272.0 1.2%
Netherlands 2,431 228.0 161 2,062 2,370 4.9 120.3 4.1%
Norway 704 2.0 195 325 2,166 1.6 130.0 11%
Portugal 4,517 2.0 147 2,408 1,800 10.0 49.1 20.0%
Spain 22,785 0 1,112 20,185 1,920 48.2 252.19 17.8%
Sweden 3,524 0 755 2,391 2,127 71 142.0 5.0%
Switzerland 49 0 3.9 32 1,531 0.1 59.8 0.1%
UK 8,292 2,679.0 1,822 4,414 2,200 21.8 365.3 6.0%
United States 60,007 0 13,131 45,125 1,945 140.1 4,054.5 3.5%
Totals 239,594 4,576.9 36,957.0 175,671 2,038 449.4 13,705.49 8.3
Bold italic indicates estimates
* Percent of national electricity demand from wind = (wind generated electricity / national electricity demand) x 100
** Global Wind Energy Council (GWEC 2013) numbers in 2012
IEA Wind 5




Table 3. Worldwide Installed Wind Capacity for 2012
IEA Wind Members* Rest of World**

Country MW Country MW
China 75,324 India 18,421
United States 60,007 France 7,564
Germany 31,315 Other Countries*** 4,650
Spain 22,785 Brazil 2,508
UK 8,292 Poland 2,497
Italy 8,144 Turkey 2,312
Canada 6,201 Romania 1,905
Portugal 4,517 New Zealand 623
Denmark 4,162 Taiwan 564
Sweden 3,524 Egypt 550
Japan 2,614 Morocco 291
Australia 2,584 Caribbean 271
Netherlands 2,431 Argentina 167
Ireland 1,827 Costa Rica 147
Greece** 1,749 Tunisia 104
Austria 1,378 Nicaragua 102
México 1,212 Iran 91
Norway 704 Pakistan 56
Korea 487 Ethiopia 52
Finland 288 Uruguay 52
Switzerland 49 Venezuela 30
Totals 239,594 Cape Verde 24
*Numbers reported Pacific Islands 12
by IEA Wind member

countries Total Rest of World 42,993
”” Numbers reported by Grand Total 282,587
GWEC (2013)

*** Countries not in this

list orin IEA Wind

Bold italic indicates

estimates

This Executive Summary presents high-
lights from the reports country and task
chapters as well as compiled statistics for all
countries. Data from the past 16 years as re-
ported in previous IEA Wind documents
(IEA Wind 1995-2011) are included as
background for discussions of 2012 events.

2.0 Objectives and Progress

In 2012, the International Energy Agency
(IEA) published its Energy Technology Per-
spectives 2012 that demonstrates how tech-
nologies can make a difference in limit-
ing global temperature rise to 2 degrees C.
(IEA 2012). Wind energy, especially offshore
wind energy, are seen as having great poten-
tial. In 2013, IEA will update its Technology
Roadmap for Wind Energy (IEA 2010). The
upcoming roadmap targets 15% to 18% of

global electricity from wind power by 2050.
The previous target of 12% has been seen as
too conservative.

In 2012, wind energy supplied 3% of
global electricity. Significant investments will
be required to reach that goal. Governments
and industry in [EA Wind member countries
have set national targets for renewable energy
and wind energy (Table 4), designed incen-
tive programs (Table 9), and conduct focused
research and demonstration programs to help
reach these targets (Table 14). Their reasons
for supporting wind energy include increasing
domestic energy supply, reducing greenhouse
gas emissions, building domestic industry, and
replacing coal-fired and nuclear generation.

In 2012, the fruits of these efforts came
to bear as nine IEA Wind countries saw re-
cord increases in wind capacity: Australia,

Austria, Finland, Italy, México, Norway, Swe-
den, United Kingdom, and the United States.

2.1 National targets

The TEA Wind member countries have tar-
gets embedded in legislation, appearing in
roadmap documents, or announced by elect-
ed officials for increasing the amount of re-
newable energy or low-carbon energy in the
electrical generation mix (Table 4).

In response to European Union (EU) Di-
rective 2009/28/EC, all EU member states
have submitted National Renewable Energy
Action Plans (NREAPs) detailing sectoral and
technology-specific targets and policy mea-
sures to reach the renewable energy systems
target of 20% by 2020. Some EU countries
have chosen goals that exceed the targets of
their NREAPs (including Austria, Denmark,
and Germany).

Outside of Europe, planning is under way
to increase wind power development. Austra-
lia’s Renewable Energy Target scheme is de-
signed to deliver 20% of Australia’s electricity
from renewable sources by 2020. Canada set
the goal to reduce greenhouse gas emissions
by 17% below 2005 levels by 2020. The Chi-
nese government issued its 12th Five-Year
Plan, which included goals for grid-integrated
wind capacity of 100 GW by 2015.

After the Fukushima nuclear power plant
accident in 2011, a fundamental review of
Japan’s Basic Energy Plan was conducted. All
but one of the 190 wind turbines shaken by
the earthquake or struck by the tsunami re-
sumed operation immediately after and con-
tributed to Japan’s power supply during the
continuing crisis. Therefore, wind energy is
viewed as a viable contributor in the future.
The review developed new options or sce-
narios for energy through 2030. In the three
new scenarios, the share of renewable energy
would be from 25% to 35%. It is estimated
that a reasonable growth rate of 18% in wind
capacity would meet the most aggressive (0%
nuclear) scenario for Japan by 2030.

The Republic of Korea’s Third National
Energy Plan 2030 sets the goal to replace
11% of electrical consumption with wind
energy and to develop the domestic wind
industry. México is on track to have 12 GW
of wind generation by 2020, supplying ap-
proximately 5% of electric consumption.

2.2 Progress

2.2.1 Capacity increases

In 2012, wind generation capacity increased
in every IEA Wind member country; the
countries added a total of nearly 37 GW, a
15% increase over 2011 capacity. Capacity has

2012 Annual Report



Table 4. Renewable Energy and Wind Energy Targets Reported by Member

Countries
Country Renewable Energy Sources Wind Target
(RES) Target
Australia 45 TWh by 2020 -
Austria - 3 GW by 2020
Canada - ---
China - 100 GW (5 GW offshore) by 2015;
200 GW (30 GW offshore) by 2020
Denmark 100% by 2050 50% of electricity by 2020
More than 35% renewable
by 2020
European 20% by 2020 -
Commission
Finland 38% of gross energy 6 TWh/yr (2.5 GW) in 2020
consumption by 2020
Germany 35% of electrical energy 10 GW offshore by 2025
consumption by 2020
Greece 40% of electricity by 2020 -
Ireland 40% by 2020 3.5 GW by 2020
Italy 17% by 2020 12.68 GW and 20 TWh/yr by 2020
Japan Prospect: 25% to 35% by 2030 | Prospect: 5 GW by 2020

Korea, Republic of

12% of consumption by 2030

7.3 GW by 2030; 11% of
consumption

México -

12 GW by 2020

Netherlands

16% by 2020; 20% reduction
CO, in 2020 as compared to

1990 level

Norway 67.5% of total energy -
consumption in 2020

Portugal 31% of gross energy 6.8 GW onshore, 0.075 GW offshore
consumption by 2020 by 2020

Spain 20% of overall energy 35 GW onshore, 0.75 GW offshore
consumption by 2020 by 2020

Sweden Increase generation by 22.6 30 TWh by 2020: 20 TWh onshore,
TWh/yr over 2002 level by 2050 | 10 TWh offshore

Switzerland Increase generation by 22 TWh | 4.0 TWh/yr by 2050 (0.6 TWh by

by 2050

2020, 1.5 TWh by 2035)

United Kingdom 15% by 2020

United States

sources by 2035

80% of electricity from clean

54 GW offshore by 2030

--- = No target available

increased in the IEA Wind member countries
as a whole from less than 5 GW in 1995 to
more than 239 GW in 2012 (Figure 1).

e Record increases in capacity were re-
ported in Australia, Austria, Finland, Italy,
México, Norway, Sweden, United King-
dom, and the United States.

* More wind capacity was added in 2012
than in 2011 in 13 countries: Australia,
Austria, Denmark, Finland, Germany,
Italy, Korea, México, the Netherlands,

IEA Wind

Norway, Spain, Switzerland, and the
United States.

* More than 1 GW was added in six
countries: United States (13.13 GW),
China (12.96 GW), Germany (2.44
GW), the United Kingdom (1.82 GW),
Italy (1.27 GW), and Spain (1.11 GW)
(Table 2). Canada, Sweden, and México
also added more than 600 MW each. In
all, 17 countries added more than 100
MW of new capacity.

* Meéxico had the highest growth: a

113% increase. Nine countries saw
growth of 20% or more in 2012, com-
pared to five countries in 2011 (Table 5).

A notable shift toward renewable energy
sources was reported in 2012. In the EU, re-
newable power installations accounted for
70% of new capacity, and wind power alone
accounted for 26.5% of total 2012 power
capacity installations. In the United States,
wind capacity represented 43% of new gen-
eration installed in 2012.

2.2.2 Offshore wind progress and plans

Among the TEA Wind member countries,
offshore wind systems totaling more than
4.5 GW were operating at the close of 2012
(Table 6), with the addition of more than
1.25 GW in China, Denmark, Germany,
and the United Kingdom. The UK brought
841 MW online in 2012 and will connect
the 630-MW London Array in 2013 as the
world’s largest offshore wind power plant.

During 2012 in the EU, offshore wind
power installations represented 10% of the an-
nual EU wind energy market, up from 9% in
2011.With the completion of the wind farms
that were not fully grid-connected during
2012, approximately 1.4 GW of new oftshore
capacity is due to come online in 2013. The
European Wind Energy Association (EWEA)
has identified 18.4 GW of consented offshore
wind farms in Europe and plans for offshore
wind farms totaling more than 140 GW.

Outside of Europe, many countries are
planning to expand capacity with offshore
wind. In China, nine coastal provinces have
released offshore wind power development
plans. Japan installed a demonstration float-
ing offshore wind project and is planning
for wind turbines in its deep waters offshore.
Korea began construction of the first phase
of a 2.5-GW offshore wind farm in 2011—
the first 100 MW will demonstrate the tech-
nology and the quality of the site.

In the United States, 10 offshore wind
projects totaling 2.84 GW were identified by
the end of 2012 as advancing in the develop-
ment process. The National Offshore Wind
Strategy published in 2011 calls for reducing
the cost of offshore wind energy and deploy-
ment of 54 GW by 2030. In 2012, the De-
partment of Energy made Phase 1 awards in a
168 million USD (127 million EUR) offshore
wind initiative. Seven technology partnerships
will plan and design offshore wind demon-
stration projects. In Phase 2, three of these
partnerships will be selected to build full-
scale offshore wind generation facilities. Off-

shore wind facility developments were further
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Figure 1. Annual installed capacity, cumulative installed capacity, and annual generation as re-
ported by IEA Wind member countries, 1995-2012 (Note: China is first represented in 2010.)

Ireland, and the Netherlands, where lower-
than-average winds dominated the year.

Electrical production is influenced by the
quality of the wind resource for the year and
the operating availability of the wind plants.
Regarding the wind resource, correcting an-
nual production to wind indexes is becom-
ing more common as wind capacity increases
and the effects of variations across years are
experienced. These indexes are based on a
five-year or ten-year average wind resource.
Table 7 classifies the wind resource in 2012
compared to average as reported by some
member countries.

Some countries set records in 2012 for
wind penetration (contribution to electric
demand) (Table 8). Denmark has the new

world record by meeting nearly 30% of na-

. . . . . tional electric di d fr ind i

Table 5. Wind Energy Capacity Increases in IEA Wind Member Countries ronat © éc rie demand from Wind energy

2012. Wind energy met 20% of Portuguese
Country Cumulatl(vl\ivc\:/s;l?;gﬁ); 2012 added cap(‘;s\l;lz\ll':/); Increa(losA)e) clcctri'city E [ — .in 2012 and at ch —

ment in October, instantaneous wind con-
Mexico 570 645 13 tribution to demand reached 86%. In Spain,
Finland 199 90 45 wind power exceeded previous instantaneous
Norway 511 195 38 power peaks and maximum hourly and daily

) ) energy production. In November 2012, wind
United Kingdom 6,470 1822 28 generation contributed 21.3% of the energy
United States 46,916 13,131 28 mix, the highest of all the existing technolo-
Austria 1,084 296 27 gies in Spain.

Sweden 2,899 755 26 . . .

_ 2.3 National incentive programs
il P l22ET gl All IEA Wind member countries have gov-
Korea 406 81 20 ernment structures designed to encourage
Canada 5,265 936 18 renewable energy development. Most of
italy 6,878 1,266 . these incentives also apply t<? wind energy

(Table 9). In 2012, feed-in tariffs (FITs) were
i e S 1 used by 16 of the 21 TEA Wind member
Ireland 1,633 153 9
Germany 29,075 2,440 8
Switzerland 46 3.9 8 Table 6. Offshore Wind Energy
Capacity in IEA Wind Member
Greece JLCi0 Ll 7| Countries 2011-2012
Netherlands 2,368 161 7 Country 2011 2012
Denmark 3,952 210 5 CEREBI | (e
(MW) (MW)
Spain 21,673 1,112 ) )
United 1,838 2,679
Japan 2,536 78 3 Kingdom
Portugal 4,302 147 3 Denmark 871 920
% increase = (added capacity 2012 / capacity in 2011) x 100 China 108 390
Bold italic indicat timat
old italic indicates estimates e 200 280
Netherlands 228 228
facilitated with the adoption of the American ~ more than 73 TWh in 2012. Meanwhile, total Finland 26 26
Wind Energy Association (AWEA) Offshore  national electrical demand for 2012 increased reland 25 25
Compliance Recommended Practices that address  in six IEA Wind member countries (Can-
the unique conditions for wind energy devel-  ada, China, Finland, Japan, México, and the ZEEE e =
opment in U.S. waters. United States) and decreased in nine countries Korea 0 2
(Australia, Austria, Germany, Ireland, Italy, the Norway 2 2
2.2.3 Electrical production Netherlands, Norway, Portugal, and Spain). Portugal 5 N
Total wind energy electrical production from  National electrical output from wind energy
all TEA Wind member countries increased by  increased in all countries except Germany, ezl giieh A
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Table 7. Reported Wind Resource for 2012 Compared to Average

Low wind
Country (index%)

United States*

High wind Average wind
Country (index%) Country (index%)
Austria (110%) Australia

Canada China

Italy Japan

Norway (103%) Korea
Switzerland (110%) Spain

United Kingdom Sweden

Denmark (95.2%)
Finland (88%)
Germany

Ireland

the Netherlands (89%)
Portugal (97%)

* Regional resources vary across the continent in any year

countries to encourage wind development
and are reported as very effective tools in
that regard. Also popular with the IEA Wind
member countries are programs that man-
date utilities to supply a portion of electricity
from renewables. Eleven countries use these
utility obligations, renewable obligations, or
renewable portfolio standards (RPS).

In some countries, existing incentive
programs were at risk of expiring or be-
ing rescinded (e.g., Portugal, Spain) due to
changes in the political climate or, in some
cases, resulting from the financial crisis. In
others, new incentives are being discussed,
such as carbon taxes. In Australia, a fixed car-
bon price per ton of carbon dioxide equiva-
lent emissions began in July 2012. This cost
is added to the retail product (mostly elec-
tricity) resulting from combustion. Half of
the income raised will be used to accelerate
the deployment of clean energy sources. The
other half will assist households to pay for
the higher cost of electricity.

In China, the trading of green certificates
by electricity-generating enterprises was be-
ing considered. In Japan, incentives will be
considered as part of the new energy scenarios
to reduce dependence on nuclear and fos-
sil energy. In Korea, the RPS that took effect
in 2012 is having a positive effect. In México,
the new law for renewable energy instructs
the Secretariat of Energy and the Secretary of
Economy to promote manufacturing of wind
turbines in México. In the United States, a key
incentive, the production tax credit, was ex-
tended for another year.

2.4 Issues affecting growth

At the end of 2012, fewer countries were
able to report on projects planned or under
construction due to uncertainty in many
markets (Table 10). For the EU, EWEA has
identified 1.4 GW due to come on line in
2013 and another 1.9 GW in 2014. EWEA
also reports 18.4 GW of consented offshore
wind farms in Europe and plans for wind
farms totaling more than 140 GW.

IEA Wind

The following issues, which are report-
ed as limiting renewable energy growth, are
being addressed through national research
projects, incentive programs, and co-op-
erative research projects of [EA Wind and
other groups:

Economic Climate: Surprisingly, the global
economic climate did not have the expected
slowing effect in 2012, but a slow economy
is expected to reduce renewable energy in-
stallations in 2013.

Table 8. Percent Contribution

of Wind to National Electricity
Demand 2010-2012

Country 2010 2011 2012
Denmark 21.9 28.0 29.9
Portugal 17.0 18.0 20.0
Spain 16.4 16.3 17.8
Ireland 10.5 15.6 14.5
Germany 6.0 7.6 7.7
United Kingdom 2.6 4.2 6.0
Greece 4.0 5.8 5.8
Sweden 2.6 4.4 5.0
Austria 3.0 3.6 5.0
Netherlands 4.0 4.2 44
Italy 2.6 3.0 4.0
United States 2.3 2.9 3.5
Australia 2.0 2.4 3.4
Canada 1.8 2.3 2.8
China 1.2 1.6 2.0
México 0.6 0.6 1.2
Norway 0.7 1.0 11
Finland 0.3 0.6 0.6
Japan 0.4 0.5 0.52
Korea 0.2 0.2 0.2
Switzerland 0.05 0.1 0.1
IEA Wind 2.3 2.8 3.3
Average

Bold italic = estimate

Policy Uncertainty: Government programs
to increase access to financing, provide larger
subsidies, and issue targeted grants are men-
tioned as ways to reduce the effects of policy
uncertainty. In several countries, government
cost-cutting measures have targeted funds al-
located for incentive programs.

Shortage of Sites on Land: A shortage of
onshore wind sites was cited in some coun-
tries (Denmark, Germany, Japan, Korea, the
Netherlands, and the United Kingdom) as a
reason to develop offshore wind projects.

Grid Integration and Capacity Issues: In ma-
ny countries, the electrical grids are adapted
to the needs of centralized, large-scale power
plants, and their capacity is limited to absorb
large amounts of wind power. Curtailment
results when the grid operators shut down
wind farms to alleviate transmission bottle-
necks. Improved forecasting and grid upgrades
are addressing this problem. Several countries
made progress in upgrading or adding trans-
mission lines to carry wind capacity.

Permitting Delays: Delays due to permit-
ting requirements have limited wind devel-
opments in several countries. In Finland, the
effect of wind turbines on radar became a
permitting issue, so an impartial and trans-
parent procedure and scientific tool were
developed to help the Ministry of Defence
estimate the radar impacts. In Japan, adding
the requirement for an environmental impact
assessment could delay projects for 3—5 years.

Environmental Impacts: Concerns about
environmental impacts were also mentioned
as issues affecting the permitting of new
wind projects. Research projects on envi-
ronmental impacts are underway in most
countries, and the new IEA Wind Task 34
Environmental Impacts and Assessment will
leverage the findings of these projects for the
task participants.

Social Acceptance: Social acceptance is
becoming an issue in nearly every country
with wind development. [EA Wind Task 28
Social Acceptance of Wind Energy Projects is
addressing the process of wind project devel-
opment. In Australia, best practice documents

include  Community Engagement Guidelines

for the Australian Wind Industry and Wind In-

dustry Best Practice Technical Guidelines for the
implementation of wind energy projects in
Australia.

Skilled Labor Availability: Demand for
skilled labor is increasing with annual in-
creases in operating wind capacity. The
United Kingdom commissioned its first
Industrial Doctorate Centre in Renew-
able Energy. It will train up to 50 stu-

dents in the research and skills needed to



Table 9. Incentive Programs in IEA Wind Member Countries for 2012 into 2013

Type of program

Description

Countries implementing

Feed-in tariff

An explicit monetary reward for wind-generated electricity that is 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 (offshore and small wind
turbines); Finland (special definition);
Germany; Ireland; Italy; Japan (from
July 2012); Korea; the Netherlands
(special definition); Portugal;
Switzerland; United Kingdom

(15 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 (till June 2012); Korea; Norway;
Portugal; Sweden; United Kingdom;
United States (11 countries)

Green electricity schemes

Green electricity based on renewable energy from the electric utility,
which can be purchased by customers, usually at a premium price.

Australia; Austria; Canada; Denmark;
Finland; Netherlands; Sweden;
Switzerland; United States

(9 countries)

Capital subsidies

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

Canada; China; Korea (3 countries)

Spatial planning activities

Areas of national interest that are officially considered for wind energy
development.

China; Denmark; Korea; México; the
Netherlands; Sweden; Switzerland
(7 countries)

Special incentives for small
wind

Ireland: Reduced connection costs, conditional planning consent
exemptions. Value-added tax (VAT) rebate for small farmers.
Accelerated capital allowances for corporations. Can include
microFIT.

Australia; Canada; Denmark;
Ireland; ltaly; Japan (from July 2012);
Portugal; United States (8 countries)

Income tax credits

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

Canada; Ireland; México;
Netherlands; United States
(5 countries)

Net metering

The system owner receives retail value for any excess electricity fed
into the grid, as recorded by a bi-directional 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; Denmark; Finland; Ireland
(voluntary supplier tariff for domestic
micro-wind); Sweden; Switzerland;
United States

(7 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;
United Kingdom (4 countries)

Net billing

Electricity taken from the grid and 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 (micro-generation only);
United States (3 countries)

Green certificates

Approved power plants receive certificates for the amount (MWh) of
electricity they generate from renewable sources. They sell electricity
and certificates. The price of the certificates is determined in a
separate market where demand is set by the obligation of consumers
to buy a minimum percentage of their electricity from renewable
sources.

Norway; Sweden; and UK
(8 countries)

Sustainable building
requirements

The requirements of new building developments (residential and
commercial) 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.

Denmark; Ireland; Portugal
(8 countries)

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.

Netherlands; Switzerland

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

Carbon tax A tax on carbon that encourages a move to renewables and provides | Australia
investment dollars for renewable projects.

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

Special licensing to reduce RES plants are exempt from the obligation to attain certain licenses; Greece

administrative burden

on islands, RES plants that are combined with water desalination
plants get priority.
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Table 10. Potential Increases to Capacity in IEA Wind Member Countries
Country Planning approval® Under construction** Total planned and/
(MW) (MW) | orunder construction
(Mw)
Australia 4,277 1,627 5,904
Austria 400 419 819
Canada 5,000 --- 5,000
(by 2016)
China 18,000 --- 60,000
Denmark - 400 400
(Anholt)
Finland 104 21 125
Korea -—- 420 420
México 2,082 413 2,495
Norway 1,943 66 2,009
Spain 245 115 360
Switzerland 15 & 18
United Kingdom 6,441 4,904 11,345
United States --- --- 539
--- = no data available
* Projects have been approved by all planning bodies.
** Physical work has begun on the projects.

accelerate the development of renewable

energy technologies.

3.0 Implementation

3.1 Economic impact

A key impact of wind energy development is
creating employment and economic activity.
A study in Australia estimated that a 50-MW
wind farm could contribute up to 2.6% to
the gross regional product. A Canadian study
estimated that 1 GW of new wind energy
creates 10,500 person-years of employment.
In 2012, Canada added 0.94 GW of new
wind capacity. A study in the United States
concluded that wind plant installations be-
tween 2000 and 2008 in 12 states resulted in
local employment of 0.5 jobs/MW. Another
key impact is domestic manufacture and ex-
port of wind turbines, components, and con-
sulting expertise. Table 11 shows reported la-
bor and economic turnover effects for 2012
in the IJEA Wind member countries.

One of the positive effects of wind en-
ergy is displacing fossil fuel consumption
and the related economic and environmental
costs. Most countries perform a calculation of
avoided emissions attributable to wind energy
and the number of households supplied with
electricity generated by wind turbines. These
calculations are based on the generation mix

and usage patterns of each country reporting.

IEA Wind

3.2 Industry status

The wind industry is growing, and several
countries are making concerted efforts to at-
tract wind turbine manufacturing to their do-
mestic economies. Wind projects are owned
by utilities, co-operatives, independent power
producers (IPPs), private companies (i.e., in-
dustries for self-supply), income funds, and
communities (including First Nations).

3.3 Operational details

Wind plants composed of many individual
wind turbines are becoming more produc-
tive by several measures. One of these is
capacity factor. The annual capacity fac-
tor is the amount of energy a generating
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 depen-
dent on the quality of the wind resource, the
availability of the machine (i.e., reliability) to
generate when there is enough wind, and
the turbine design.

The capacity factor will be reduced if
the utility curtails production due to load
management. Most wind power plants oper-
ate at a capacity factor of 25% to 40%. For
reference, the world average capacity factor
for wind has been estimated at 21% (IEEE
2012); the highest capacity factor reported
offshore is 52% at Horns Rev, Denmark (en-
ergynumbers 2013); and the highest capacity
factor reported onshore is 57.9% at Burra-
dale, Shetland Islands (REUK 2013). IEA
Wind countries report their average annual
capacity factors Table 12.

The average power rating of new wind
turbines installed in 2012 was slightly
more than 2 MW; however, turbines as
large as 7.5 MW have been installed. In
Austria one of these 7.5-MW turbines
covers the energy requirements of approxi-
mately 4,000 households.

Figure 2. Average installed costs of wind turbines 2007-2012 as reported by IEA Wind member

countries. Costs are not adjusted.



Table 11. Capacity in Relation to Estimated Jobs and Economic Impact 2012
Country Capacity Estimated number Economic impact
(MW) of jobs | (million EUR; million USD)
China 75,324 250,000 ---
United States 60,007 80,700 91,000; 120,000
Germany 31,315 117,900 -—-
Spain 22,785 16,970 2,894; 3,744
United Kingdom 8,292 === ===
Italy 8,144 30,000 2,100; 2,768
Canada 6,201 10,500 1,520; 2,003
Portugal 4,517 3,200 ---
Denmark 4,162 23,000 7,400; 9,575
Sweden 3,524 --- ---
Japan 2,614 2,500 1,582; 2,109
Australia 2,584 1,800 709; 935
Netherlands 2,431 2,100 740; 957
Ireland 1,827 2,200 ---
Greece 1,749 1,800 ---
Austria 1,378 3,300 500; 647
México 1,212 1,500 208; 269
Norway 704 - ---
Korea 487 1,103 1,092; 1,413
Finland 288 2,000 930; 1,230
Switzerland 49 === 38.9, 51.3
Total 239,594
--- = No data available
Bold italic = estimate

3.4 Wind energy costs
The cost of electricity from wind genera-
tion, often referred to as the levelized cost
of energy (LCOE) is declining. IEA Wind
Task 26 is addressing this key metric by
collecting data on system and project costs,
assessing methodologies for projecting fu-
ture wind technology costs, and survey-
ing methods for determining the value of
wind energy (Lantz et al. 2012). The indi-
vidual country chapters include estimated
costs of energy based on local conditions.
Country chapters also address costs for
turbine, development, and O&M costs in
some detail. For example, a study in Austra-
lia found that the turbines represented 60%
to 75% of project development costs. An
Austrian study estimated O&M costs per
kilowatt-hour (kWh) showing expected in-
creases over time. Costs are higher for areas
with mountainous terrain, long permitting
processes, or long waits for grid connection.
Table 13 shows reported furbine costs
in 2012 currency. Figure 2 shows trends of
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reported installed costs for wind projects by
country. Please note that the historic cost num-
bers have not been corrected to 2012 currency.

4.0 R, D&D Activities

A significant benefit of participation in the
IEA Wind agreement is the ability to par-
ticipate in the research tasks that are only
open to organizations within member coun-
tries. In 2012, 12 active research tasks were
advancing wind energy technology and de-
ployment. To guide these activities, the Exec-
utive Committee of [EA Wind will prepare
in 2013 a new strategic plan for the period
2014 through 2019. This plan will be based
on the document Long-Térm Research and De-
velopment Needs for Wind Energy for the Time
Frame 2012 to 2030 developed through a
Topical Expert Meeting, a working group,
and a consensus process within the IEA
Wind participants in 2012.

4.1 National R, D&D efforts
The major research areas discussed in the in-
dividual country chapters are listed in Table

14. The country chapters contain references
to recent reports and databases resulting
from this research. One clear trend is that
most countries with shorelines are placing a
high priority on research to support offshore
wind technology (Denmark, China, Finland,
Germany, Italy, Japan, Korea, the Netherlands,
Norway, Portugal, Spain, Sweden, the United
Kingdom, and the United States). It is dif-
ficult to calculate the total research dollars
supporting wind energy technology; how-
ever Table 15 lists government budgets re-
ported by some countries. The investment of
research partners must be considered as well.

The European Commission is a sig-
nificant source of funding for wind energy
research projects proposed by its member
countries. In 2012, 28 wind R&D projects
were running with the support of the Sev-
enth (FP7) Framework Programme of the
EU (the Framework Programmes are the
main EU-wide tool to support strategic re-
search areas). In addition, five offshore dem-
onstration projects funded by the European
Energy Programme for Recovery (EEPR)
were under construction and three more
were in the pipeline. Finally, six other inno-
vative demonstration projects were awarded
funding by the New Entrants Reserve fund-
ing program in late December. Fourteen EU
Countries and the European Commission
participate in [EA Wind research activities.

Outside of Europe, countries establish
their research priorities and benefit from co-
operation in the IEA Wind research tasks. For
more information on test centers and research
activities, please refer to the country chapters
and to the chapter from the European Com-
mission/European Wind Energy Association.
A few highlights are presented here.

4.1.1 New test and research facilities

Several important new research centers
were opened, under construction, or being
planned in 2012.

Denmark opened the new onshore test
center at Oesterild for wind turbines up to
250 m and plans an offshore test center for
turbines up to 10 MW.

In Canada, construction of WEICan’s
new 10-MW Wind Energy R&D Park was
completed in December 2011. In 2013, the
park will be adding a utility-sized electric-
ity storage system. The park will be able to
study the economic and technical feasibility
of wind-generated storage in Canada, in or-
der to examine grid integration technologies
to increase the economic viability of variable
electricity generation.

2012 Annual Report



In Germany, research at the alpha ven-
tus test site continued with 45 organizations
including universities, institutes, and compa-
nies. Three years of results were published in
2012. Among the extensive research activities
on wind energy in Germany, test stands are
under construction for 4-MW and 10-MW
drive trains and for large support structure
components.

In Spain, an experimental onshore wind
farm located in complex terrain has six cali-
brated positions to install prototypes of large
wind turbines up to 5 MW. A deep-sea off~
shore 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 proto-
types as single devices or arrays to assess and
monitor performance. A small wind test site
can perform tests needed for certification.

In the United Kingdom, the National
Renewable Energy Centre, (Narec) opened a
new 100-m wind turbine blade test facility
in 2012.A 15-MW drive train test facility for
offshore wind turbines will be commissioned
in summer 2013. Narec obtained a 100-MW
grid connection and a lease from The Crown
Estate for an offshore wind demonstration
site in deep water, just off the Blyth coast. An
Offshore Anemometry Hub was installed in
November 2012 as part of the project.

In the United States, a new Scaled Wind
Farm Technology test facility will open in
2013 with three research-scale wind turbines
spaced and oriented to study turbine-to-
turbine interactions. It will also help validate
aerodynamic, aero-elastic, and aero-acoustic
simulations used to develop new technolo-
gies. Blade test facilities and dynamometers
for testing large drive trains are operating or

near completion.

4.1.2 Highlights of completed research
Details of these and other completed proj-
ects, references to the resulting publications,
and planned R&D activities can be found in
the country chapters of this report.

In Canada, the production penalties due
to cold climates was assessed using actual
production data from 24 wind farms located
across the country. It is estimated that the
cumulative weighted average loss for all wind
farms currently operating in Canada is 6.6%.
In eastern Canada, annual production loss
percentage is much higher at 15.7%.

In Finland, the wind atlas was amended
by adding an icing atlas in 2012. Challeng-
ing environments (e.g., offshore, in complex

terrain, and exposed to extreme weather) are

IEA Wind

Table 12. Reported Average Capacity Factors (%)*
Country 2011 Average capacity 2012 Average capacity
factor (%) factor (%)
Australia === 35.0
Austria === 30.0
Canada 31.0 31.0
China --- 18.4
Denmark 28.4 22.6
Finland 28.0 24.0
Germany 19.0 -
Greece - ---
Ireland 31.6 28.4
Italy 18.0
Japan 19.0 19.9
Korea -—- ---
México 30.0 30.0
Netherlands --- On land 20.0
Offshore 39.5
Norway 31.3 31.2
Portugal 26.0 28.0
Spain - 241
Sweden === 26.0
Switzerland 20.0 <20.0
United Kingdom On land 27.4 On land 27.4
Offshore 36.7 Offshore 36.7
United States 33.0 33.0
* 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.
--- = No data available

the focus of several national research projects
and of IEA Wind Task 25 Wind Energy in
Cold Climates.

Japan demonstrated a major commit-
ment to offshore wind in 2012 by installing
the following: a 2.4-MW wind turbine with
a gravity foundation and offshore platform in
the Pacific Ocean 3 km offshore; an offshore
measurement platform 1.4 km offshore; and
a 100-kW demonstration wind turbine on
a spar-type floater 1 km offshore. In 2013,
a large-scale floating offshore wind demon-
stration project will begin 20 km offshore
of Fukushima prefecture. In Phase 1 of that
demonstration, a 2-MW downwind wind
turbine with a 4-column semi-submersible
floater and a 66 kV floating offshore electri-
cal substation will be installed.

In the Netherlands, the ecology/en-
vironmental study of the Monitoring and
Evaluation Program (MEP) of the Offshore
Wind farm Egmond aan Zee (OWEZ) was

completed in 2012. The results show that the
wind farm had few negative effects and several
positive effects upon marine life. It also be-
came clear that fruitful monitoring can only
be done when good models exist to interpret
the data. The new TEA Wind Task 34 Envi-
ronmental Assessment and Monitoring will
address the state of the art in techniques and
models for evaluating environmental impacts
of wind farms on land and offshore.

In Norway, a 1:6 scale model floating
oftshore turbine called SWAY is being tested
in the sea outside Bergen under real condi-
tions. Also, the world’s first full-scale floating
wind turbine (Hywind concept developed
by Statoil) has operated for over two years
and results for both production and technical
availability have been positive. Hywind sur-
vived a powerful extra tropical cyclone, other
storms with winds over 40 m/s, and maxi-

mum waves over 18 m. The next generation



Table 13. Estimated Average Turbine Cost and Total
Project Cost for 2012
Country Turbine cost | Total installed project
(EUR/KW*) cost (EUR/KW*)
Australia 1,220 2,000
Austria 1,430 1,675
Canada --- 1,824
China 463.6 1,220
Denmark -—- on land 1,240
Greece 1,050 ---
Ireland 900 1,500
Italy 1,200 1,750
Japan 1,740 2,610
México 1,200 1,500
Netherlands --- on land: 1,376
offshore: 3,200
Spain 800 1,000-1,400
Sweden 1,400 1,600
Switzerland 1,450 2,070
United States 720-985 1,470
* Total Installed Project Cost includes: costs for turbines,
roads, electrical equipment, installation, development, and grid
connection.
** Applicable conversion rate EUR to USD: 1.318
--- = No data available

of Hywind will be deployed in the United
States oft the coast of Maine.

In Switzerland, an experimental design
was used to determine the influence on lo-
cal public acceptance of three wind project
characteristics. Acceptance was higher if the
project developer was a well-known Swiss
company experienced with wind energy
projects in contrast to an unknown devel-
oper acting on behalf of an investor. Local
benefits associated with the project had the
highest impact on local acceptance. Wind
energy projects that included financial invest-
ment opportunities for local citizens were
perceived more positively by local citizens
than wind energy projects with the leasing of
land as the only local benefit. [EA Wind Task
28 Social Acceptance of Wind Energy Proj-
ects is continuing its work with researchers
of social acceptance issues.

A US. study used a global positioning
system to track the movements of golden
eagles and gain a deeper understanding of
their movements and hence, the risks they
face from wind energy development. A reli-
ability database tracking the performance of
the country’s wind facilities published its sec-
ond benchmark report in 2012, which cov-
ers three turbine manufacturers, six turbine

models (at least 1-MW capacity), and more
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than 180,000 days of turbine operation. [EA
Wind Task 33 Reliability: Standardizing Data
Collection for Wind Turbine Reliability, Op-
eration, and Maintenance Analyses will be
accumulating the information from this kind
of study worldwide.

Small wind turbines are attracting consid-
erable interest in research programs. In Austria,
several projects are underway addressing issues
of small wind turbine deployment and opera-
tion. Ireland completed its field trials of small
wind turbines and concluded that turbulent
winds are a key design driver for small wind
turbines. The United States published the
Built-Environment Wind Turbine Roadmap
in 2012 to guide development of safe, reliable
small wind turbines. IEA Wind Task 27 Small
Wind Turbines in Turbulent Sites began its
second term by adding research on the tur-
bulent wind regime of the urban or complex

environment.

4.2 Collaborative research

The collaborative research conducted by or-
ganizations in the IEA Wind member coun-
tries made significant progress in 2012.

Task 11 Base Technology Information
Exchange held Topical Expert Meetings
on the following topics: Advances in Wind
Turbine and Components Testing; Social

Acceptance of Wind Energy; and Wind
Farm Control Methods. Meetings planned
for 2013 include Wind Energy in Complex
Terrain; Operation and Maintenance Chal-
lenges; Noise Reduction Technologies; and
Forecasting. In 2012, Task 11 also managed
the approval process for three new Recom-
mended Practices from IEA Wind research
tasks (see below). IEA Wind Recommended
Practices serve as pre-normative guidelines
in advance of formal standards to promote
best practices available for wind technol-
ogy and deployment. They are often used
as input to the more lengthy full standards
process.

Task 19 Wind Energy in Cold Climates
task participants developed and IEA Wind
approved a Recommended Practice 13 Wind En-
ergy Projects in Cold Climates early in 2012.
This work formed the basis for the fourth
revision of the IEC standard 61400-1 De-
sign Requirements, which included the effect
of ice loads and low temperatures in design
load cases. Having a dedicated design load
case for wind turbines with ice accretion on
blades gives manufacturers a tool to design
turbines for these adverse conditions. This, in
turn, leads to better technologies, reduction
of O&M costs, and lower cost of energy from
cold climate wind plants.

Task 25 Design and Operation of Power
Systems with Large Amounts of Wind Power
published a paper, “Recommendations for
Integration Studies,” that will evolve into an
IEA Wind Recommended Practice in 2013.
A summary report of the 2009-2012 work
was published at the beginning of 2013.
Analysis of recent wind integration studies
has addressed reserve requirements, balanc-
ing costs, impacts to the transmission grid,
and capacity value of wind power. The task
has involved the transmission system opera-
tors to ensure seamless application of the re-
sults. Publication through journal articles and
conference presentations further improves
understanding of wind integration issues.

Task 26 Cost of Wind Energy issued a re-
port The Past and Future Cost of Wind Energy
Work Package 2 that reviews historical costs,
evaluates near-term market trends, reviews
the methods used to estimate long-term cost
trajectories, and summarizes the range of
costs projected for land-based wind energy
across forward-looking studies and scenarios.
It also highlights high-level market variables
that have influenced wind energy costs in the
past and are expected to do so in the future.
Continuing work of this task will identify the

primary cost drivers of offshore wind energy
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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 2012

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 Task 27 Small Wind Turbine Labels for Consumers
turbines generating 50 kW or less; investigation | in conjunction with IEC MT2 standards work;
of legal and social issues; tools for siting in Second term title for Task 27 is Small Wind Turbines
urban settings. at Turbulent Sites

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 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,
and impacts on radar systems.

Task 34 Environmental Assessment and Monitoring
of Wind Energy Projects

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;
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 update 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;

Task 31 WAKEBENCH,;

Task 33: Reliability Data: Standardizing 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 Design and Operation of Power Systems
with Large Amounts of Wind Power

Innovative concepts

Vertical axis, hydraulic drive, kites, airships,
etc.
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and explore the variation of these costs among
participating countries.

Task 27 Development and Deployment
of Small Wind Turbine Labels for Consumers
was organized to increase the use of com-
mon methodologies for testing small wind
turbines that can quickly provide feedback
and know-how to develop international
standards in the area of quality and perfor-
mance. IEA Wind Recommended Practice 12
Consumer Label for Small Wind Tirbines (2011)
has been included as an appendix to the IEC
TC 88 standard on wind system testing. In
2012, the IEC compliance group began
work to implement the labelling of small
wind turbines applying the IEA Wind RP
12. The Small Wind Turbine Association of
Testers organized by Task 27 will work to in-
crease the number of accredited test facilities
of small wind turbines.

Task 27 Small Wind Turbines at Turbu-
lent Sites will continue with the partici-
pants of the original task (and others) to
conduct research to evaluate the wind re-
source in areas of high turbulence (forests,
rooftops, complex terrain, etc.) and effects
on small turbine performance. It is expect-
ed to produce a Recommended Practice
on micro-siting of small turbines at turbu-
lent sites.

Task 28 Social Acceptance of Wind En-
ergy Projects is translating the findings of
social scientists into the language of plan-
ners and engineers to improve the process of
bringing wind energy projects to comple-
tion. In 2012, participants developed and
IEA Wind approved Recommended Practices
14 Social Acceptance of Wind Energy Projects to
guide good practices by developers and local
authorities. The wide input collected dur-
ing the development of this document has
already increased the knowledge base and
a database of studies is available on the Task
28 web pages at ieawind.org. The task issued
a final report on the first phase of the work
(2008—2011) in 2012. The second term will
continue through 2015.

Task 29 MexNext II: Analysis of Wind
Tunnel Measurements and Improvement of
Aerodynamic Models is working with exist-
ing wind tunnel data sets to improve aerody-
namic models used to design wind turbines.
Improving these models should result in
more durable, productive wind turbines. A fi-
nal report was issued in 2012 and analyses of
the databases were published in journals and
presented at conferences. Additional work
approved for the next term will assemble an
inventory of unexplored experiments and
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carry out analysis of these “lost” data sets to
improve models.

Task 30 Offshore Code Comparison
(OC4) is

coordinating the work of 12 countries

Collaboration Continuation

and 47 organizations to improve the de-
sign of offshore wind turbines using ver-
ified and improved codes. Jacket struc-
ture results were published in 2012 and
provide enhanced tools for designers of
offshore wind turbines. Work on semi-
submersible substructures contributed to
work with DeepCwind model test data
to advance the offshore floating wind
turbine industry.

Task 31 Wakebench: Benchmarking
Wind Farm Flow Models
work of 16 countries and 30 organizations

manages the

to improve atmospheric boundary layer and
wind turbine wake models. The Task pro-
vides a forum for industrial, governmental,
and academic partners to develop and define
quality-check procedures. In 2012, the first
benchmarks from the identified test cases and
model inter-comparisons were initiated. The
work will produce a Model Evaluation Pro-
tocol for wind farm flow models in 2013.

Task 32 LIDAR: Wind Lidar Systems
for Wind Energy Deployment was ap-
proved in late 2011. Remote sensing could
increase the accuracy and reduce the cost
of wind resource assessment and wind
farm operation. This task provides an in-
ternational information exchange on lidar
technology. In 2012, participants and an
extended group of experts developed Rec-
ommended Practice 15 Ground-Based, Vertical-
ly-Profiling Remote Sensing for Wind Resource
Assessment. This document is expected to
promote use of this new, potentially pow-
erful method for measuring the wind re-
source with remote sensing devices (Sodar
and Lidar) by consolidating descriptions of
current theory and industry practices. IEA
Wind Task 32 will refine this document
based on results of the task work into a
second edition and provide input to IEC
standards development.

Task 33 Reliability Data: Standardiza-
tion of Data Collection for Wind Turbine
Reliability and Operation & Maintenance
Analyses was approved late in 2011. Col-
lection, processing, and analysis of wind
turbine reliability and failure statistics is
crucial to developing operations and main-
tenance 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 formulation
of guidelines for data collection, data struc-
ture, and data analyses for overall wind tur-
bine failure statistics. As the foundation for
developing Recommended Practices for
Reliability Data, three State-of-the-Art Re-
ports are planned. In 2012, work began on
the first State-of-the-Art Report, “Initia-
tives Concerning Reliability,” that will sum-
marize activities in the wind energy sector
as well as relevant experience from other
sectors.

The new IEA Wind Task 34 Environ-
mental Assessment and Monitoring of Wind
Energy Projects on Land and Offshore was
approved in 2012 to share information from
completed and on-going environmental as-
sessment and monitoring efforts on land
and offshore, both pre- and post-construc-
tion, to: (1) improve monitoring approaches;
(2) make data easily accessible to all inter-
ested parties; (3) aggregate information on
biological species affected; (4) aggregate
information on effects of mitigation strate-
gies; and (5) identify successful approaches
to monitoring impacts, analysis techniques,
and assessment methodologies. Participants
will begin work in 2013.

5.0 The Next Term

Based on the upcoming IEA Technology
Roadmap for wind energy and the targets
and strategies of the IEA Wind member
countries, wind energy deployment will
continue to expand over the next decade.
The stress being felt in many markets across
Europe throughout the wind industry’s value
chain may translate to a reduced level of in-
stallations for some countries in 2013, pos-
sibly continuing into 2014. However, eco-
nomic recovery and stable incentives in other
countries may counteract this trend overall.

Expanded efforts to develop offshore
wind will be seen in China, Denmark,
Finland, Germany, Japan, the Netherlands,
Norway, Portugal, the United Kingdom,
and the United States.

The work of the IEA Wind research
tasks will support efforts worldwide to
increase the contribution of wind en-
ergy. New activities will be guided by the
Long-Term Research and Development Needs

for Wind Energy for the Time Frame 2012

fo 2030 and by the Strategic Plan for the
term 2014-2019 to be published in 2013.
Significant reports are expected on inte-

gration of large amounts of wind power,
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Table 15. National R&D Budgets 2010-2012 for Reporting Countries

Country 2010 R&D Budget 2011 R&D Budget 2012 R&D Budget
(million EUR; (million EUR; (million EUR;
million USD) million USD) million USD)

Canada --- 6.00; 7.76 ---

China 7.63; 10.00

Denmark 134.00;173.00 134.00; 173.00 7.80; 10.40

Finland 4.00; 5.20 10.00; 12.90 2.00; 2.64

Germany 53.00; 71.40 77.00; 101.60 93.20;122.80

Ireland 0.30; 0.40 0.30; 0.40 -—=

Italy 3.00; 3.96 3.00; 3.96 3.00; 3.96

Japan 22.51; 30.01 39.30; 52.40 50.61; 67.48

Netherlands 38.00; 51.07 7.08; 9.15 --=

Norway 12.60; 16.72 14.87; 19.69 17.14; 22.68

Spain 150.00; 197.70 150.00; 197.70 120.00; 158.16

Sweden 10.80; 14.51 10.80; 14.51 ---

Switzerland 0.41; 0.53 0.41; 0.53 0.41; 0.53

United States 59.52; 80.00 59.52; 80.00 70.90; 93.50

--- = no data available

cost of wind energy, small wind systems,
social acceptance of wind energy projects,
and aerodynamic models and wind tunnel
data. It is expected that the International
Energy Agency will approved the IEA
Wind Implementing Agreement to con-

tinue its work for another 5-year term.
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1.0 Introduction

National governments agree to participate
in the IEA Wind Implementing Agreement
so that their researchers, utilities, companies,
universities, and government departments
may benefit from the active research tasks
and information exchange of the group. In-
terested parties in member countries should
contact their country representative listed
at www.ieawind.org IEA Wind Members
about ways to benefit from the [EA Wind re-
search tasks.

Under the auspices of the International
Energy Agency (IEA*), the Implementing
Agreement for Co-operation in the Re-
search, Development, and Deployment of
Wind Energy Systems (IEA WindT) is a col-
laborative venture among 25 contracting

parties from 20 member countries, the Chi-
nese Wind Energy Association (CWEA), the
European Commission, and the European
Wind Energy Association (EWEA) (Table
1). Since it began in 1977, participants have
worked together to develop and deploy wind
energy technology through vigorous national
programs and through co-operative interna-
tional efforts. They exchange the latest infor-
mation on their continuing and planned ac-
tivities and participate in selected IEA Wind
research tasks.

This, the thirty-fifth IEA Wind Annual
Report, lists accomplishments by the close
of 2012. The Executive Summary (Chap-
ter 1) compiles information from all coun-
tries and tasks to highlight important statistics
and trends. Activities completed in 2012 and

planned for 2013 are reported for the overall
agreement (Chapter 2) and for the research
tasks (Chapters 3 through 14). Member coun-
try chapters (Chapters 15 through 36) de-
scribe activities in the research, development,
and deployment of wind energy in their
countries during the year just ended. The
IEA Wind 2012 Annual Report is published
by PWT Communications, LLC in Boulder,
Colorado, United States, on behalf of the IEA
Wind Executive Committee (ExCo).

2.0 Collaborative Research

Participation in research tasks (Table 2) is
open to any organization located in mem-
ber countries of IEA Wind (Table 1). Mem-
ber countries choose to participate in tasks
that are most relevant to their current

*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.

T The IEA Wind implementing agreement functions within a fraimework 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..
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national research and development pro-
grams. A lead organization in each country
must agree to the obligations of task par-
ticipation (pay a common fee and agree to
perform specified parts of the work plan).
Research tasks are approved by the ExCo
as numbered annexes to the Implement-
ing Agreement text. Tasks are referred to by
their annex number. The numbers of active
tasks are not sequential because some tasks
are extended and some have been complet-
ed and do not appear as active projects.
Additional tasks are planned when new
areas for co-operative research are identified
by members. In 2012, member countries con-
tinued work on eleven tasks and approved the
start of one new research task: Task 34 Assess-
ing Environmental Effects and Monitoring

IEA Wind

Table 1. Participants in IEA Wind in 2012

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 Affairs,

Danish Energy Authority

European Commission

The European Commission

Finland The Finnish Funding Agency for Technology and
Information, (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
and Technology (AIST)

Korea Government of Korea

México Instituto de Investigaciones Electricas (IIE)

Netherlands

The Netherlands Agency

Norway Norwegian Water Resources and Energy
Directorate (NVE) and Research Council of
Norway

Portugal National Laboratory of Energy and Geology
(LNEG)

Spain Centro de Investigaciones Energeticas
Medioambientales y Tecnoldgicas (CIEMAT)

Sweden Swedish Energy Agency

Switzerland Swiss Federal Office of Energy

United Kingdom

National Renewable Energy Centre (NAREC)

United States

U.S. Department of Energy

Sponsor Participants

CWEA

Chinese Wind Energy Association

EWEA

European Wind Energy Association
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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 (2013-2014)
Task 19 | Wind Energy in Cold Climates
OA: Technical Research Centre of Finland - VTT (2012-2015)
Task 25 Power Systems with Large Amounts of Wind Power
OA: Technical Research Centre of Finland - VTT, Finland (2012-2014)
Task 26 | Cost of Wind Energy
OA: NREL, United States (2013-2016)
Task 27 | Consumer Labeling of Small Wind Turbines
OA: CIEMAT, Spain (2012-2015)
Task 28 | Social Acceptance of Wind Energy Projects
OA: ENCO Energie-Consulting AG, Switzerland (2012-2014)
Task 29 | Mexnex(T): Analysis of Wind Tunnel Measurements and Improvement
of Aerodynamic Models
OA: ECN, the Netherlands (2012-2014)
Task 30 | Offshore Code Comparison Collaborative Continuation (OC4)
OA: NREL, the United States and Fraunhofer IWES, Germany (2010-2013)
Task 31 WAKEBENCH: Benchmarking of Wind Farm Flow Models
OA: CENER, Spain and NREL, United States (2010-2013)
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)
Task 34 | Environmental Assessment and Monitoring for Wind Energy Systems 2013-2016
OA: NREL, United States

Efforts for Offshore and Land-Based Wind
Energy Systems. Discussion began for a task to
be proposed in 2013 on full-scale ground test-
ing of blades and gearboxes.

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 accom-
plished in any one country. Some tasks have
been extended so that work can continue.
Some projects are cost-shared and carried
out in a lead country. Other projects are task-
shared, in which the participants contribute
in-kind effort, usually in their home organiza-
tions, to a joint research program coordinated
by an operating agent (OA). In most projects,
each participating 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 statis-
tics reported by the task OAs show the added
value of co-operative research.

e Task 25 Design and Operation of

Power Systems with Large Amounts of

Wind Power
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Contribution per participant for two
years: 6,666 EUR (8,786 USD) plus in-
kind effort. Total value of shared labor
received: 11,199,600 EUR (14,761,072
UsD)

* Task 26 Cost of Wind Energy
Contribution per participant for three
17,430 EUR (22,972 USD)
plus in-kind effort. Total value of
shared labor received: 5,799,600 EUR
(7,643,873 USD).

» Task 29 Mexnext Aerodynamic Mod-
els and Wind Tunnel
Contribution per participant for three
years: 30,000 EUR (39,540 USD) plus in-
kind effort. Total value of shared labor re-
ceived: 2,775,600 EUR (3,658,241 USD).

years:

Measurements

By the close of 2012, 20 IEA Wind re-
search tasks had been successtully completed
and two tasks had been deferred indefinitely.
Final reports of tasks are available through the
IEA Wind Web site: www.iecawind.org. Table 3
shows participation by members in active re-
search tasks in 2012.

For more information about the co-oper-
ative research activities, contact the OA repre-
sentative for each task listed in Appendix B of’
this report).

3.0 Executive

Committee (ExCo)

The ExCo consists of a member and one or
more alternate members designated by each
participating government or international
organization that has signed the IEA Wind
Implementing Agreement. Most countries
are represented by one contracting party that
is a government department or agency. Some
countries have more than one contracting
party in the country. International organiza-
tions may join IEA Wind as sponsor members.
The contracting party may designate mem-
bers or alternate members from other organi-
zations in the country.

The ExCo meets twice each year to ex-
change information on the R&D programs of
the members, to discuss work progress on the
research tasks, and to plan future activities. De-
cisions are reached by majority vote or, when
financial matters are decided, by unanimity.
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Table 3. Member Participation in Research Tasks During 2012
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
CWEA, China X X X X X X X
Denmark X X X X X X X
European
Commission
EWEA X X
Finland X OA** OA
Germany X X X X X OA OA
Greece X
Ireland X X
Italy X
Japan X X X
Korea, X X X
Republic of
México
Netherlands X X OA X X
Norway X X X X X X
Portugal X X
Spain OA X OA X OA
Sweden X X
Switzerland OA
United X X X
Kingdom
United States X X X OA X X X X OA X X
Totals 16 10 16 9 7 11 10 12 14 12 6
* For the latest participation data, check the task websites at www.ieawind.org.
** OA indicates operating agent that manages the task.
Members share the cost of administration for ~ Chairs. Jim Ahlgrimm was elected Chair be- Meetings

the ExCo through annual contributions to
the Common Fund. The Common Fund
supports the efforts of the Secretariat and oth-
er expenditures approved by the ExCo in the
annual budget, such as preparation of this An-
nual Report and maintenance of the ieawind.

org website.

Officers
In 2012, Hannele Holttinen (Finland) served
as chair. Joachim Kutscher (Germany) and
Jim Ahlgrimm (United States) served as Vice

IEA Wind

ginning in 2013.Tetsuya Kogaki (Japan), Brian
Smith (United States), and Joachim Kutscher
(Germany) were elected as vice chairs.

Participants

In 2012, there were several personnel changes
among the members and alternate members
representing their organizations (See Appen-
dix B IEA Wind Executive Committee). For
the latest and most complete ExCo mem-
ber contact information, please click the IEA
Wind Members tab at www.ieawind.org.

The ExCo met twice in 2012 to review on-
going tasks, approve publications, plan for new
tasks, and report on national wind energy re-
search, development, and deployment activi-
ties (R,D&D). The first meeting of the year
was devoted to reports on deployment activi-
ties in the member countries and in the re-
search tasks. The second meeting was devoted
to reports from member countries and tasks
about R&D activities.

The 69th ExCo meeting was hosted by
the Norwegian Water Resources and Energy
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Directorate (NVE) on behalf of the Govern-
ment of Norway, 22-24 May 2012. Twenty-
four representatives from 17 of the contracting
parties attended, along with nine operating
agent representatives of the tasks. The Com-
mon Fund audit report for 2011 was ap-
proved. The meeting included a technical tour
to the Sarecta wind farm under construction
outside of Rorvik. Before the ExCo meeting,
the Norwegian wind power industry asso-
ciation (Norwea) hosted a pre-conference on
Monday 21 May where OAs presented infor-
mation about [EA Wind research activities.
The 70th ExCo meeting was hosted in
Tokyo, Japan, 23-25 October 2012 by the
New Energy and Industrial Technology De-
velopment Organization (NEDO), the Na-
tional Institute of Advanced Industrial Sci-
ence and Technology (AIST), and the Japan
Electrical Manufacturing Association (JEMA).
Twenty-nine participants from 16 contract-
ing parties were present. OA representatives
from all of the active tasks gave reports. And
observers from the IEA Secretariat and from
Japan were present. The ExCo approved The
National Renewable Energy Centre to re-
place the Department of Energy and Climate
Change (DECC) as contracting party to IEA
Wind. Budgets were approved for the ongo-
ing tasks and for the Common Fund for 2013.
The ExCo elected officers for 2013. On 25
October, the technical tour included the
NEDO offshore wind turbine and wind and
wave measurement platform and the offshore
wind farm with downwind turbines that sur-

vived the tsunami.

4.0 Decisions

and Publications

In 2012, IEA Wind approved publication of

five final technical reports:
o [EA Wind Task 19 State-of-the Art Report
of Wind Energy in Cold Climates
* Design and operation of power systems with
large amounts of wind power: Final sum-
mary report, IEA Wind lask 25, Phase two
20092011
* The Past and Future Cost of Wind En-
ergy, IEA Wind Task 26 Work Package 2
Report,
e Final Report IEA Wind Task 28 on So-
cial Acceptance of Wind Energy Projects
2008-2011
e Final report of IEA Wind Task 29,
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Mexnext (Phase 1): Analysis of MEXICO
wind tunnel measurements.

ITEA Wind issued a new recommended
practice Recommended Practices 13. Wind Energy
Projects in Cold Climates. The ExCo approved
extending three research tasks (Task 11 Base
Technology Information Exchange, Task 26
Cost of Wind Energy, and Task 28 Social Ac-
ceptance of Wind Energy Projects).

An important new research task was ap-
proved: Task 34 Assessing Environmental Ef-
fects and Monitoring Efforts for Land-Based
and Offshore Wind Energy Systems.

The IEA Wind 2011 Annual Report was
published in July 2012; 2,200 copies were
printed and distributed to member or-
ganizations; and press releases were issued
with links to the electronic version on the
website.

The website, wwwieawind.org, con-
tinued to expand coverage of IEA Wind ac-
tivities. Four Task 11 Proceedings of Experts
Meetings from 2011 were posted on the
public website. In addition to the five techni-
cal reports approved for publication and the
Recommended Practice 13 on cold climate,
countless journal articles, conference presenta-
tions, and poster presentations drew upon the
work of the IEA Wind research tasks. Many
of these are posted on the task websites ac-
cessible from the home page of IEA Wind. In
addition, Recommended Practices are under
development in Task 25 on integration studies,
Task 28 on social acceptance, and in Task 32
on remote sensing.

In response to requests for IEA Wind
Annual Reports prior to 1999, the Secre-
tary had the old reports scanned and posted

to the IEAWind.org website. All reports
from 1978 to the present are now available

in searchable form.

5.0 Outreach Activities

A planning committee consisting of the
Chair, Vice Chairs, the Secretary, the former
Chair, and the OA Representative for Task
11 Base Technology Information Exchange
perform communication and outreach activ-
ities between ExCo meetings. One of these
activities is providing support for IEA Paris
initiatives. For example, the Chair attended
the IEA REWP meeting in Paris and ExCo
members reviewed the Mid-term Market
Report (MRMR).

Invitations to attend ExCo meetings
were extended to Belgium, France, India, Is-
rael, Malaysia, Poland, Russia, and Turkey. All
countries with active interest in wind en-
ergy are welcome to explore participation by
contacting the Chair or Secretary by email at

icawind@comcast.net.
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1.0 Introduction
Task 11 of the IEA Wind Agreement has
the objective to promote and dissemi-
nate knowledge through co-operative activi-
ties and information exchange on R&D top-
ics of common interest to the Task members.
These co-operative activities have been part
of the Wind Implementing Agreement since
1978. Table 1 lists the countries participat-
ing in this Task in 2012. These countries pay
a fee to support the work of the Operat-
ing Agent (OA) that manages the Task. The
Spanish National Centre of Renewable En-

ergies (CENER) is the current OA.

Task 11 is an important instrument
of IEA Wind. It can react quickly to new
technical and scientific developments and
information needs. It brings the latest
knowledge to wind energy players in the
member countries and collects informa-

tion and recommendations for the work

IEA Wind

of IEA Wind. Task 11 is also an important
catalyst for starting new tasks within IEA
Wind. Documents produced are available
to organizations in countries that partici-
pate in the Task immediately following the
meetings. After one year, documents can
be accessed on the IEA Wind public Web

pages (www.leawind.org).

2.0 Objectives and Strategy

The objective of Task 11 is to promote wind
turbine technology through information
exchange among experts on R&D topics
of common interest. The main activity is to
arrange Topical Expert Meetings (TEMs)
focused on priority issues. To participate in
Task 11 meetings, experts must be in the
countries listed in Table 1. The meetings are
hosted by organizations within countries

participating in the task.

Four meetings on different topics are
arranged every year. These meetings are at-
tended by invited, active researchers and ex-
perts from the participating countries. The
topics are selected by the IEA Wind ExCo
and have covered the most important topics
in wind energy 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 TEMs arranged
in the last five years (2008-2012).

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

3.0 Progress in 2012

3.1 Topical expert meetings

Four TEMs were organized in 2012. Pro-
ceedings were published on the internal ftp-
server for participating countries. Proceed-
ings will be available to the public after one
year on www.ieawind.org.

TEM 68: Advances in Wind Turbine and
Components Testing included 28 partici-
pants from 7 countries—Denmark, China,
Germany, Norway, Spain, Sweden, and USA.
A total of 18 presentations were given. The
participants represented a great variety of
stakeholders related to the topic: manufac-
turers, wind farm operators, research orga-
nizations, universities and consultants. After
the two days of presentations the floor was
opened and a general discussion took place.
After the discussion it was decided to launch
a new Task Force under the umbrella of the
IEA Wind Implementing Agreement on
“Full-Scale Testing.” Task 35 was approved at
ExCo 71.

TEM 69: Operation and Maintenance
Challenges scheduled for 2012 was cancelled
because only one expert outside China reg-
istered in time to attend the meeting. This
TEM will be hosted by The Chinese Wind
Energy Association in October 2013.

TEM 70: Social Acceptance of Wind En-
ergy was organized in cooperation with IEA
Wind Task 28. The local host was the Swiss
Federal Office of Energy (SFOE), and the
venue for the meeting was Biel, Switzer-
land. In conjunction, a Swiss expert session
was organized together with the Swiss Wind
Energy Association Suisse Eole. A total of 19
presentations were given. Following the two
days, a general discussion of IEA Wind Task
28 took place. Participants identified issues to
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Table 1. Countries and Organizations Participating in Task 11 During 2012
Country Institution
1 Canada National Resources Canada (NRCan)
2 Republic of China Chinese Wind Energy Association (CWEA)
3 Denmark Technical University of Denmark (DTU) Riseg National Laboratory
4 EC European Commission (EC)
5 Finland Technical Research Centre of Finland (VTT Energy)
6 | Germany Bundesministerium fiir Unwelt , Naturschutz und Reaktorsicherheit (BMU)
7 Ireland Sustainable Energy Ireland (SEI)
8 Italy RSE S.p.A. and ENEA Casaccia
9 | Japan National Institute of Advanced Industrial Science and Technology (AIST)
10 | Republic of Korea Korea Energy Management Corporation (KEMCO)
11 | Mexico Instituto de Investigaciones Electricas (IEE)
12 | Netherlands NL Agency
13 | Norway Norwegian Water Resources and Energy Directorate (NVE)
14 | Spain Centro de Investigaciones Energéticas, Medioambientales y Tecnolégicas (CIEMAT)
15 | Sweden Energimyndigheten - Swedish Energy Agency
16 | Switzerland Swiss Federal Office of Energy (SFOE)
17 | United States U.S. Department of Energy (DOE)

be addressed in the possible extension of IEA
‘Wind Task 28 into a second period.

TEM 71: Wind Farm Control Methods
was hosted by Vattenfall on 27-28 November
2012 in Solna, Sweden. It was attended by 18
participants from six countries (China, Den-
mark, Germany, the Netherlands, Spain, and
Sweden). Following the 11 presentations, the
floor was opened and a general discussion
took place among the participants.

Meeting topics for 2013 have been se-
lected by the IEA Wind ExCo (Table 3).

3.2 Development of

recommended practices

The TEA Wind Recommended Practices
activity was initiated to satisfy the need for
standard procedures for testing wind tur-
bines. When this action began, no standards
for wind energy systems were available. For-
tunately, the situation has changed dramati-
cally, and now there are a large number of
International Electrotechnical Commission
(IEC) standards available in the wind energy
sector. Much work is going on under the
umbrella of IEC for developing new stan-
dards. However, many in the industry point
to the problem of the long time required
(years in most cases) for elaboration of new
IEC standards. IEA Wind Recommended
Practices can be prepared in a shorter period
of time and will be an important input for
the future elaboration of IEC standards.
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As a final result of research carried out in
the IEA Wind Tasks, Recommended Practic-
es, Best Practices, or Expert Group Reports
may be issued. These RP documents are de-
veloped and reviewed by experts in the spe-
cialized area they address. They are reviewed
and approved by participants in the research
Task, and they are reviewed and approved by
the IEA Wind Executive Committee. They
serve as guidelines useful in the development
and deployment of wind energy systems. Use
of these documents is completely voluntary.
However, these documents are often adopted
in part or in total by other standards-making
bodies. [IEA Wind RP 12 Consumer Label
for Small Wind Turbines was approved in
2011 and has been incorporated as an ap-
pendix in draft standards documents of the
IEC as an approach to collection test data

and presenting consumer labels.

3.2.1 RP 13 Wind Energy Projects

in Cold Climates

The large-scale exploitation of cold climate
sites has been limited by our lack of knowl-
edge about their special challenges and the
lack of proven and economical technological
solutions. The purpose of RP 13 Wind En-
ergy Projects in Cold Climates is to provide
the best available recommendations on this
topic, reduce the risks involved in undertak-
ing projects in cold climates, and accelerate
the growth of wind energy production in

these areas. This document addresses many
special issues that must be considered over
the lifetime of a wind energy project in cold
climate. The importance of site measure-
ments, project design, and system operation
is emphasized. RP 13 Wind Energy Projects
in Cold Climates was approved at the ExCo
70 Meeting in 2012.

3.2.2 RP |4 Social Acceptance

of Wind Energy Projects

These Recommended Practices were elabo-
rated by the IEA Wind Task 28 participants.
They present strategies from around the
world that have been successfully used to im-
prove wind power projects for the benefit of
all. These strategies have been used to imple-
ment projects that are acceptable to a ma-
jority of citizens. The Recommended Prac-
tices on “Social Acceptance of Wind Energy
Projects” RP was approved at the ExCo 71
Meeting in early 2013.

3.2.3 RP |5 Ground-Based, Vertically-Profiling Re-
mote Sensing for Wind Resource Assessment

The purpose of this RP is to document the
steps required to collect high-quality, well-
documented remote sensing data for use in
wind resource assessments on land. Recom-
mendations are made that apply to both lidar
and sodar because of the similarities between
these technologies and the sources of uncer-
tainty that are observed when they are used
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Table 2. Topical Expert Meetings (2008-2012)

No. | Meeting Title Year Location
71 | Wind Farm Control Methods 2012 Solna, Sweden
70 | Social Acceptance of Wind Energy 2012 Biel, Switzerland
69 | Operations and Maintenance Issues of Wind Farms (cancelled) 2012 Beijing, China
68 | Advances in Wind Turbine and Components Testing 2012 Aachen, Germany
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 Jyvaskyld, Finland
56 | The Application of Smart Structures for Large Wind Turbine Rotor Blades 2008 Albuquerque, United States

For proceedings and previous meetings visit ieawind.org/task_11/topical_experts.html

to measure winds. RP 15 Ground-Based,
Vertically-Profiling Remote Sensing for
Wind Resource Assessment was approved at

the ExCo 71 Meeting in early 2013.

4.0 Plans for 2013

and Beyond

Task 11 Base Technology Information Ex-
change can be defined as a “continuous” task.
Started in 1987, every two years the Task is
extended. The latest extension covers the pe-
riod 2013-2014.

The process for selecting topics for
2013 meetings started in August 2012. The
OA solicited topics of interest from IEA
Wind members and from Task 11 partici-
pants. The resulting high-priority topics are
listed in Table 3.

Following up on recommendations from
TEM 67 Long-Term R&D Needs for Wind
Power, a working group was assembled to
develop updated Long-Term R&D Priori-
ties for 2012—2030. The working group has
developed a draft document for planning

new research activities that is undergoing

IEA Wind

Table 3. Topical Expert Meetings for 2013

Technologies

No. | Meeting Title Date Host Country
72 Forecasting 23-24 April RSE S. p. A. Milano, Italy
73 Noise Reduction 11-12 June VTT Energy, Tampere,

Finland

74 Operation and
Maintenance Challenges

21-22 October

CWEA, Beijing,
Republic of China

75 Wind Energy in Complex
Terrain

12-13 November

University of Stuttgart, Germany

extensive review and should be issued in
2013. This document will present long-term
R&D priorities from IEA Wind countries in
a condensed way.

Recommended Practices for conduct-
ing grid integration studies have been drafted
in Task 25 Design and Operation of Power
Systems with Large Amounts of Wind Power
will be reviewed and approved in 2013. The
OA of Task 11 will work with the OAs of

ongoing tasks to develop additional IEA
Wind Recommended Practices.

Author: Félix Avia Aranda, Centro

Nacional de Energias Renovables (CENER),
Spain.
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1.0 Introduction

Deployment of wind energy in cold cli-
mate areas is growing rapidly. Wind
resources in cold climate areas are typically
good, but icing of turbines and low ambient
temperatures pose additional challenges for
wind energy projects. Experience has shown
that icing of wind turbine rotor blades reduc-
es energy yield, shortens the mechanical life
time of turbines, and increases safety risks
due to risk of ice throw. However, these chal-
lenges can be taken into account in turbine
design and by using appropriate materials.
An expert group under IEA Wind research
collaboration Task 19 Wind Energy in Cold
Climates has been working to solve the addi-
tional challenges in cold climates since 2002.
Cold climate areas have gained more
focus compared to the earlier years as na-
tional wind energy targets have been raised.
Also, increased experience, knowledge, and
improvements in cold climate technologies
have improved the economics of wind proj-
ects making them competitive with standard
wind projects. The current wind generation
capacity in cold climates is approximately
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60 GW in Scandinavia, North America, Eu-
rope, and Asia, although only a small por-
tion of this wind turbine fleet is designed for
icing and low temperature conditions.

The potential to install new capacity in
cold climate areas is vast and it is estimated
that the capacity will grow more especially
in Canada, the northern United States, Chi-
na, and in northern Scandinavia. In 2011,
participants in IEA Wind Task 19 estimated
that about 4,000 MW of wind energy is be-
ing installed annually on cold climate sites.
However, recent data show that figure to be
an underestimate.

Turbine manufacturers have developed
technical solutions for low temperature ver-
sions of their standard turbines, and first
generation commercial solutions for de-
icing of wind turbine blades have entered
the marketplace. R&D activities have been
conducted in a number of countries to mas-
ter the difficulties of atmospheric icing and
low temperatures. These activities aim at
improving the economics of wind power in
new areas around the globe. It is important
to validate the latest theories and models,

and to analyze the performance data of the
adapted technologies being used in wind
energy projects. It is also essential to gather
more information to be publicly available.

Table 1 shows the countries and orga-
nizations participating in Task 19 during
2012. The group collects, evaluates, and
creates information covering all aspects of
wind energy in cold climates. For example,
the group has published procedures for site
assessment in icing conditions, worked to
clarify the economics of cold climate wind
projects, and examined ways to improve
health and safety surrounding wind energy
projects operating in cold climate areas. A
major milestone for Task 19 was the pub-
lication in 2012 of the IEA Wind Recom-
mended Practices 13: Wind Energy Projects
in Cold Climates.

2.0 Objectives and Strategy
The objectives of Task 19 for 2012 were as
follows:
» Determine the current state of cold
climate solutions for wind turbines,
especially anti-icing and de-icing
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Table 1. Countries and Organizations Participating in Task 19 During 2012
Country Institution(s)
1 | Austria Energiewerkstatt
2 | Canada Natural Resources Canada
3 | Finland VTT Technical Research Centre of Finland
4 | Germany Fraunhofer IWES
5 | Norway Kjeller Vindteknik
6 | Sweden WindREN AB
7 | Switzerland Meteotest
8 | United States National Renewable Energy Laboratory
Table 2. IEA Wind ice classification system
IEA Wind Meteorological Instrumental icing Production loss
ice class icing (% of year) (% of annual
(% of year) 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

solutions that are available or are enter-
ing the market

* Review current standards and recom-
mendations from the cold climate point
of view and identify possible needs for
updates

* Find and recommend a method for es-
timating the effects of atmospheric icing
on energy production to improve the
commonly used standard tools that do
not address cold climate specific issues

« Clarify the significance of extra load-
ing that ice and cold climate induce on
wind turbine components

« Perform a market survey for cold cli-
mate wind technology, including wind
farms, remote grid systems, and stand-
alone systems

e Define recommended limits for
the use of standard technology (site
classification)

» Create and update the Task 19 state-of-
the-art report and expert group study on
guidelines for applying wind energy in
cold climates.

The items above have been identified
as key topics that are slowing cold climate
wind power development. The ongoing na-
tional R&D activities in task participant
countries are contributing to tackling of
these challenges and provide new infor-
mation and know-how on the subject. The
results of the ongoing national activities
will improve the overall economy of wind

IEA Wind

energy projects in cold climates and thus
significantly lower the risks of developing
in areas where low temperatures and atmo-
spheric icing are occurs.

The collaboration actively dissemi-
nates results through the Task 19 website
and through conferences and seminars
(ieawind.org).

3.0 Progress in 2012

The main activities during 2012 were the
finalization and publication of the Recom-
mended Practices report, see Figure 1, and
update of State-of-the-Art of Cold Climate

Figure 1. Recommended Practices 13—Wind
Energy Projects in Cold Climates cover

Wind Energy report. The recommended
practices report was well received by the
industry. One of the most important items
in the report was a classification system of
wind energy sites regarding icing condi-
tions. The recommended IEA Wind ice clas-
sification is shown in Table 2. Using this
classification, a wind power developer can
get an early understanding of the severity
and consequences of a particular site under
interest. Also, a set of recommended prac-
tices can be chosen based on the ice classifi-
cation. And finally, the IEA Wind ice classi-
fication can be used for comparing different
sites when choosing the most promising site
for the wind project.

An important step for developing
wind energy in cold climates was taken
in 2012 when standardization work be-
gan under IEC to incorporate cold cli-
mate issues as a part of wind turbine
design standard (IEC 61400-1). The
evolving dedicated design load case for
wind turbines representing extra load-
ing from ice accretion on turbine blades,
will allow wind turbine manufacturers to
design turbines for these adverse condi-
tions. This in turn leads to better tech-
nologies, reduction of O&M costs, and
lower cost of energy from wind projects
in cold climates.

4.0 Plans for 2013
and beyond
Task 19 enters its fourth three-year period in
2013, to continue coordinating research into
cold climate wind development. The main
goals of the new term are:
 Execution of a market study for cold
climate wind technology
e Updating the third-term recommenda-
tions: verification of the recommenda-
tions, especially cold climate site clas-
sification and methods for energy yield
estimation, as well as health and safety
recommendations aiming to harmonize
safety regulations with respect to icing
conditions
e Update of the State-of-the-Art report
of cold climate wind energy.

It is expected that Denmark and China
will join Task 19 for the period 2013-2015
in addition to the countries participating in
2012.

New results, publications, and reports
can be found online (ieawind.org).

Author: Tomas Wallenius, VI'T Technical
Research Centre of Finland, Finland.
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1.0 Introduction
‘ x Jind power will introduce more un-
certainty into operating a power sys-
tem because it is variable and partly unpre-
dictable. 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 an-
ticipate a quite high penetration in many
countries. It is technically possible to inte-
grate very large amounts of wind capacity
in power systems; the limits arise from how
much can be integrated at socially and eco-
nomically acceptable costs. The integration
of wind power into regional power systems
was first studied on a theoretical basis, be-
cause wind power penetration is still rather
limited in most countries and power sys-
tems. However, already some countries, e.g.,
Denmark, Ireland, and the Iberian Penin-
sula (Spain and Portugal) show a high pen-
etration of 15-30% of yearly electricity
consumption coming from wind power and
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 difter substantially
among reports and comparisons are dif-

ficult to make. This is due to using different
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methodology, data, and tools, as well as differ-
ent terminology and metrics in representing
the results. Task 25 has worked on summa-
rizing results from its participating countries,
as well as formulating recommendations on
best practices for integration studies. Because
system impact studies are often the first steps
taken towards defining wind penetration tar-
gets within each country, it is important that
commonly accepted standard methodologies
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 sys-
tems worldwide. Task 25 work supports this
objective by analyzing and further develop-
ing the methodology to assess the impact of
wind power on power systems. Task 25 has
established an