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“First, there is the power of the wind, constantly exerted over the globe…
Here is an almost incalculable power at our disposal, yet how trifling the use we make of it.”
Henry David Thoreau

INTRODUCTION
Wind power is recently blooming all over the world as a technological answer to
the problems of fossil fuels depletion, greenhouse gases emissions, global warming
considerations and compliance with the provisions of the Kyoto Treaty.
The installed capacity worldwide has been increasing exponentially. World wind
energy capacity had a doubling time of three years during the last decade. No other
energy technology has ever grown at such a growth rate in the past.

Figure 1. Global wind speed distribution in meters per second.

Figure 2. Growth of the world’s wind energy installed capacity. Data: Global
Wind Energy Council (GWEC).
The global wind power installed capacity grew at an average cumulative rate of
about 30 percent. China passed the USA and to become the leader in installed capacity in
2011. About 400,000 people are employed in the industry, and that number is expected to
be in the millions.
Wind, solar and nuclear energy are recognized as is the only power generation
technologies that can deliver the necessary cuts in CO2 in the critical period up to 2020.
The 120.8 GW of global wind capacity will produce 260 TW.hr and save 158 million
tons of CO2 every year.
Wind power generation benefits from government subsidies encouraging clean
forms of energy. The “Feed In Tariff” (FIT) adopted in the European countries pays the
producer of electricity upon delivering it to the grid system in the UK 26.7 p/kW.hr for
small wind turbine installations < 15 kW, and 4.5 p /kW.hr for large installations > 1.5
MW in rated power capacity.
Germany was the world leader in wind power production with 16,629 MW of
rated power installed capacity as of 2004. Spain was second with 8,263 MW of installed
wind energy capacity, the USA was third with 6,740 MW and Denmark, which gets 20
percent of its electricity from the wind, was in fourth place with 3,117 MW of installed
capacity. The European Union hopes to increase its use of renewable energy sources to
21 percent by 2010, with much of it from wind power.
By the summer of 2008, the USA wind industry moved past the 20,000-megawatt
(MW) installed rated capacity milestone. It passed Germany to become the world leader
in wind generation. By the end of September 2008, the USA had over 21,000 MW of
wind capacity.
By the end of 2010, China has become the leader in installed capacity ahead of
the USA and Germany with 44,733 MW of rated installed capacity..
Thirteen countries around the world can now be counted among those with over
1,000 MW of wind capacity, with France and Canada reaching this threshold in 2006.
Regarding new installed capacity in 2006, the USA continued to lead with 2,454
MW, followed by Germany (2,233 MW), India (1,840 MW), Spain (1,587 MW), China
(1,347 MW) and France (810 MW). This development shows that new players such as
China and France are gaining ground.

One MW of power is sufficient to provide the average electrical yearly needs of
250-300 households in the USA. Wind power generating capacity increased in the USA
by 27 percent in 2006 and an additional 26 percent in 2007.
Table 1. Global Installed Capacity, 2015. Source: Global Wind Energy Council
(GWEC).

Table 2. Global wind power installed capacity in different countries as of 2007.
Source: Global Wind Energy Council (GWEC).
Location
Egypt, Arab Republic of
Morocco
Iran
Tunisia
Other

Installed Rated Power
Capacity
[MW]
230
124
48
20
19

Subtotal Africa and
Middle East
Canada
USA
Subtotal North America
Brazil
Mexico
Costa Rica
Carribean excluding Jamaica
Argentina
Columbia
Jamaica
Other
Subtotal Latin America
and Carribean
India
China
Japan
Taiwan
Korea, Republic of
Philippines
Other
Subtotal Asia
Germany
Spain
Denmark
Italy
UK
Portugal
France
Austria
Greece
Ireland
Sweden
Norway
Belgium
Poland
Other
Subtotal Europe
Australia
New Zealand

441
1,459
11,603
13,062
237
88
74
35
27
20
20
7
508
6,270
2,604
1,394
188
173
25
13
10,667
20,622
11,615
3,136
2,123
1,963
1,716
1,560
965
746
745
572
314
193
153
556
48,545
817
171

Pacific Islands
Subtotal Pacific Region
Total World

12
1,000
74,223

Figure 3. Wind farm under construction in Mexico.

Figure 4. Local wind resources in Egypt are abundant along the Gulf of Suez and the
Gulf of Aqaba.
Wind mills became the primary energy source of the pre industrial revolution era
in countries like Holland, draining marshes for land reclamation projects, in addition to
their other uses in grain and timber milling.
Wind mills were first introduced for irrigation and grain flour milling under the
Middle Eastern Islamic Civilization particularly in the Mediterranean area and Persia as
early as the seventh century. They spread to France and England in the twelfth century
and were propagated throughout Medieval Europe by traders and the returning crusaders.
They are undergoing a come back providing part of the energy needs of the modern
industrial age.
Global wind power installed capacity has grown an average of 15.8 percent
annually over the period 2000-2005. Even though it still amounts to less than 1 percent
of global energy use, demand is firmly on the rise.
Wind power is capable of supplying 10 percent of the world's electricity within
the next 20 years, even if electricity usage doubles during that time. It is currently cost
competitive with other forms of electrical generation at locations with a good wind

resource. The cost of energy from wind power at such favorable sites can be as low as
4.7 cents per kilowatt.hour (¢/kW.hr). The cost of wind energy in 2020 is projected to be
2.5 ¢/kW.hr. This projection is based on an installed capacity of 80 gigawatts electric
(GWe) in 2010 and 1,200 GWe by 2020.
In 2004, the world wind capacity passed the 45,000 MW mark and reached
46,500 MW with an average annual growth rate exceeding 30 percent. This amount
could meet the needs of almost 50 million people.
Denmark generates 20 percent of its electricity with the wind and has the largest
per capita installed capacity in the world. By 2030, Denmark expects half of their
country's energy needs will be met with renewable energy sources.
Wind energy growth in Europe has been so strong that the European Wind Energy
Association raised its goal for the region by 50 percent, from 40,000 MW of installed
capacity by 2010 to 60,000 MW, enough to meet 2/3 of California's electricity demand.

NEW WIND POWER ERA
Advanced engineering, science and technology are propelling the expansion of
wind energy, which is one of the oldest energy sources known to man. Modern
windmills bear little resemblance to the stone and wooden structures used primarily for
irrigation and drainage as well as milling that dotted the landscape in picture postcards
from Holland. Table 1 shows the world installed capacity and yearly production as of
2015.

Figure 5. Modern General Electric wind generator.

Figure 6. Historical Holland wind mills.
Germany, Spain and Denmark have the largest installed base of global wind
generators with nearly 60 percent of the total worldwide wind power capacity of 47
gigawatts electrical (GWe) in 2005.

GLOBAL EXPANSION IN WIND POWER GENERATION
The outlook for wind power generation is strong for the European Union, the
USA, and Canada. Attention is turning to China and India, both of which have small but
growing sectors. In China, the National Development and Reform Commission
expressed a commitment to renewable energy sources. The Indian company Suzlon was
the sixth largest manufacturer in 2004.
The Spanish Gamesa group is opening a blade factory in Pennsylvania, USA.
The Danish company Vestas has production facilities in India and Australia, but the bulk
of its factories are concentrated in Europe, its core market.
Gamesa, which is the second biggest manufacturer of wind turbines in the world
after the Danish Vestas Wind Systems, signed an agreement in 2005 to supply wind
turbines worth up to 700 million dollars to USA based Horizon Wind Energy. The
turbines are to have a capacity of 600 MW and will be installed in 2006 and 2007 by
Horizon Wind Energy, which is owned by the USA investment bank Goldman Sachs.
The General Electric (GE) Company joined this market in 2002 by acquiring up
the prized possession Enron Wind as its parent Enron Company filed for bankruptcy.
Even though a relative newcomer, General Electric (GE) is firmly entrenched as
the USA domestic leader in the field. Since being acquired from Enron, the division’s
revenue jumped from $500 million to above $2 billion for 2005. These gains have taken
up a significant USA market share from the Danish world leader in wind power systems:
Vestas Wind Systems, and other companies such as the Spanish group Gamesa which
have been the pillars of the industry's growth in Europe. They were instrumental to wind
power systems growth in Germany and Spain with the two countries possessing the
highest generating capacity in Europe, and Denmark which derives 20 percent of its
electricity from wind farms.
The GE Company operates turbine factories in Spain and Germany. In
December, 2004, German Siemens acquired the Danish concern Bonus Energy,
becoming the industry's fifth largest producer.

GERMANY
The German government had planned to use wind energy to considerably boost
renewable energies' share in the electricity mix from 14 percent as of 2008 to a goal of 20
percent. In July 2008, the German government announced plans to build up to 30
offshore wind farms in the North and Baltic seas to meet the country's renewable energy
targets.

Figure 7. Brandenburg wind farm, Germany.

Figure 8. Coastal area wind farm at Kasier Wilkemskoog, Hamburg, Germany.

In Germany, with about a third of the world’s total wind power capacity, a
Renewable Energy Sources Act, passed in 2000, aims at increasing the share of power
covered by renewable energy sources to 12.5 percent by 2010, and to 20 percent by 2020.
The driving force behind wind energy development in Germany is The Electricity
Feed in law or Stromeinspeisungsgesetz. It was the progenitor of German wind power
development in the early 1990’s which led to the installed capacity growing at an
unprecedented rate; almost doubling each year during the period 1991-1994 after the
passage of the law.
Starting with 1,211 turbines and an installed capacity of 167 MW in 1992,
German wind capacity grew to 7,879 turbines and 4,445 MW of installed capacity by the
end of 1999. This made Germany the world leader in wind energy.
With initial annual increases in excess of 80 percent, growth in the second half of
the 1990’s slowed to 35-55 percent. Still, with a lower growth rate 1999 saw a recordbreaking 1,500 MW of capacity being added.
By the end of 2000 the installed capacity had increased to just over 6,000 MW.
The years between 1992 and 1999 saw the average rated output of a wind turbine grow
from under 200 kW to over 900 kW.
Wind turbines are installed throughout the German landscape or Länder. At the
end of 1999 approximately 58 percent of the wind power was located in the coastal states
of Lower Saxony, Schleswig-Holstein and Mecklenburg-West Pomerania. About 25
percent was in the north German lowland states and 17 percent in the low mountain
states.
German wind turbines produce about 2 percent of the total electricity production.
The growth of the wind industry is linked to two political actions.
The
Stromeinspeisungsgesetz law obliges the electrical utilities to accept all electricity
produced with renewable energies. The price paid for wind power excluding taxes is 90
percent of the average electricity tariffs for all customers.
Electricity prices have since decreased due to deregulation laws, and an
amendment to the law will uncouple the reimbursement paid to wind farmers from the
average electricity price.
The Renewable Energy Act, is a new law aimed at increasing the share of
renewable energy to 10 percent of electricity production. The rate of growth in wind
energy is likely to decrease due to land availability constraints. Future projects are
targeting offshore wind resources.

Figure 9. Germany’s wind power resources, 2004.
SPAIN
The oil crises of the 1970 have provided Spain with the impetus for developing
indigenous renewable energy resources. During the 1980’s the Spanish wind resource
base was assessed, the relevant technology developed and a Demonstration Program
launched by the Institute for Diversification and Saving of Energy (IDAE).
This was followed by the establishment of several small demonstration wind
farms and the enactment of a law in 1994 guaranteeing the electricity price to be paid by
utilities to wind power plants. This resulted in the wind energy sector being ready to
utilize the considerable potential that exists in both continental Spain and in the Canary
Archipelago.

Figure 10. Wind Energy potential in the European community and the
Mediterranean. The different columns correspond to different wind environments.
Starting with a modest installed capacity of just 73 MW in 1994, Spain’s capacity
increased to 1,539 MW by 1999 with annual growth rates of 100 percent, 95 percent and
85 percent in the years 1997, 1998 and 1999.
Wind turbines are installed in nine of Spain’s provinces, the northern provinces of
Galicia and Navarra having 55 percent of the total capacity.
In addition to federal energy laws, most Spanish provinces have their own wind
energy programs. These have been aimed at stimulating local markets as the structure of
the economy has changed.
Navarra, which had experienced a high rate of
unemployment, and Galicia have invested heavily in turbine manufacturing plants.
The installed wind power plants are mainly owned by consortia formed by

utilities, regional institutions involved in local development, private investors, and in
some cases the manufacturers. Private individuals are not playing an important role in
the development of wind energy in Spain.
In 1999 the Spanish Ministry of Energy and Industry prepared the Program for
Promotion of Renewable Energies. This program sought to maintain the provisions of an
earlier law passed in December 1998. In addition, it was complemented by the new
National Plan for Scientific Research, Development and Technological Innovation. The
legislation seeks to ensure the continuance of favorable economics for power produced
by renewable energy plants. The strategy embodied in the 1998 law is that at least 12
percent of Spanish energy demand will be met by renewable energies by 2010. To this
end, it is expected that further utilization of the wind resource will result in some 10,800
MW of wind capacity being in place by 2012. The Galicia province, is taking full
advantage of the Atlantic winds, will account for 2,800 MW of the total installed
capacity.
UNITED STATES OF AMERICA, USA
As a consequence to a renewed Production Tax Credit (PTC), in the next few
years the USA is poised to become a key player in the expanding wind power market.
As the only major USA manufacturer GE enjoys a unique advantage and has easy
access to developers and owners, as well as a large clout in the power sector. GE is
providing more than 60 percent of the 2,500 megawatts electric (MW) of wind energy
capacity expected to be installed in the USA in 2005.

Figure 11. General Electric (GE) company 3.6 MW wind turbine design.

The American Wind Energy Association (AWEA) trade group estimates that at
the end of 2005 the USA's wind energy capacity was about 9,200 MW. This was
sufficient to provide the electrical power needs for 2.5 million homes. This electric
power is generated by wind machines with a generating capacity between 1 and 3 MW
each. These wind generators are marvels of advanced technology and engineering with
blades 131 feet long attached to a nacelle on top of a tower rising 250 feet above the
ground.

Figure 12. Average annual wind resource power classes, USA.
The development of the wind sector in the USA has, since the early 1980’s,
reflected the wind-related Federal legislation in place at the time. Federal tax credits in
favor of wind energy assisted the development, and the expiry of such credits dampened
the incentive to construct capacity.
In the USA, wind energy development was driven by the Energy Policy Act of
1992 (EPACT) which established Production Tax Credits (PTC) for projects brought on
line between 1994 and 1999, and there was a consequent growth in the market in 1999
prior to the cessation of PTC.
By the end of 1999 the total capacity stood at 2,251 MW, distributed in half of the
50 States. The capacity installed in California, Minnesota, Iowa and Texas constituted
over 90 percent of the total USA capacity. The energy production from all wind systems
during 1999 was estimated to have been in the order of 4.5 Terawatt.hour (TWhr).

By the end of November 2000, the American House and Senate granted an
extension of the PTC for 30 months until the end of 2001 and the extension was effective
retroactively from the end of June 1999. This induced a further development of wind
power in the short term with some 2,400 MW of additional capacity planned.
The restructured USA electricity production legislation allowed for a ten year tax
credit of 1.5 cents per kWhr of energy produced, adjusted for inflation for plants
completed before end-2001. As a result, 731 MW of capacity was planned in Texas. By
the end of 2001, Texas will became the state with the second largest installed wind
energy generating capacity after California.
The USA Great Plains states hold the greatest potential for wind power
generation. A 1991 Pacific Northwest Laboratory assessment of USA wind potential
gives North Dakota, Texas, Kansas, South Dakota, Montana, Nebraska, Wyoming,
Colorado and New Mexico 82 percent of the 1.1 million MW total USA potential.
The USA Department of Energy (DOE) in its Wind Program has launched a Wind
Powering America initiative. Its DOE is to assist with the developmental aspects of wind
energy, especially helping to move the technology the industry to the market place. The
initiative sets the following targets:
1. Wind to provide at least 5 percent of USA electricity by 2020.
2. At least 5,000 MW to come on line by 2005, 10,000 MW by 2010 and 80,000
MW by 2020.
3. Doubling the number of states with more than 20 MW installed capacity from
eight to 16 by 2005, and increase them to 24 by 2010;
3. To provide 5 percent of electricity used by the federal government or 1,000
MW from wind energy. Incidentally, the USA federal government is the largest single
consumer of electricity in the USA.
DENMARK
By the end of 1999, the installed wind capacity in Denmark was 1,771 MW. By
the end of 2000 there were in excess of 6,000 wind turbines, representing a capacity of
over 2,000 MW. In 2003, Denmark had about 5,500 wind turbines with an installed
capacity of 3,000 MW. Individuals and power cooperatives own 80 percent of the
installed capacity.
The largest turbines incorporate technology that is competitive to the extent that
the use of wind produced electricity is one of the cheapest ways of reducing CO2
emissions from power production.
An initial 2005 target set by the Government’s Renewable Energy Initiative
Package or Energy 21, specifies that 10 percent of the country’s electricity demand
should be met by a wind capacity of 1,500 MW was attained before the end of 1999.
As turbines have become larger, the availability of appropriate sites has decreased
and it has become difficult to site the installations. New capacity continues to be built by
private companies.

Figure 13. Danish wind power resources. Source: Danish Energy Agency, Energy
and Environmental Data. Source: Risöe National Laboratory.
The wind resources map of Denmark takes local terrain speed up effects and
surface roughness into account. It shows a detailed picture of wind conditions. It can be
observed that the prevailing wind direction come from the west and southwest which
have the highest power flux and wind speeds.
The map is a very high resolution map, where the area of the whole 44,000 km2
area of the country was divided into 1.1 million squares 200x200 m each or 220x220

yards, and the mean wind speed was calculated for each square.
The wind resources map was developed to assist the Danish municipalities in their
planning and zoning effort associated with wind turbines. Each municipality is
responsible for allocating suitable areas for wind turbines in order that the Government
may fulfill its plans to supply 50 percent of the country's electricity consumption by wind
energy in 2030.
The map is not sufficient for actually locating a wind turbine, since it was
generated mechanically, without detailed verification of the terrain. For the proper
calculations of annual electricity output one would have to account at a prospective site
for the roughness and local obstacles such as tress and buildings.

Figure 14. Denmark’s installed wind power capacity.
The Energy 21 law enacted in 1996 is the fourth of the energy strategies and
specifies energy policy for the period up to 2030. Any increase in onshore wind turbine
capacity after 2005 will be affected by various actions, including the renovation of wind
turbine areas as well as by the removal or replacement of existing turbines in accordance
with regional and municipal planning.

In the long term the main thrust of new development will take place offshore,
following the first demonstration installations at Vindeby in the Baltic Sea in 1991 and
Tunø Knob in the area between Jutland and Samsø in 1995.

Figure 15. Shoreline wind farm in Denmark.
In 1999 the Danish Government approved five sites for large scale offshore wind
farms with a total capacity of 750 MW. The installations are being built and owned by
the power utilities. A small offshore wind farm at Middelgrunden, located just outside
the Copenhagen harbor became operational at the end of 2000. With twenty 2 MW
turbines producing approximately 85 million kWhr of electricity per year, it is the
world’s largest offshore wind farm.
Small wind turbines producing electricity for heat and power have been erected in
recent years for household usage.
Wind power economics continually improve in line with the increased turbine
capacity. As a result the Danish Government has reduced the subsidy to the pay back
rate for the electricity and in 2001 a market system with Green certificates was be
introduced.
INDIA
India’s wind power program was initiated in 1983-84. Its Wind Energy Data
Handbook was published in 1983 by the Department of Nonconventional Energy
Sources, now the Ministry of Non-Conventional Energy Sources, MNES, served as a data
source for early government initiatives.

In 1985 an extensive Wind Resource Assessment was launched, which also
signaled the beginning of concentrated development and harnessing of renewable sources
of energy and, more specifically, of wind energy. The Assessment has now become the
world’s largest such program and to date five volumes of the Handbook on Wind Energy
Resource Survey, containing a huge volume of accumulated wind data, have been
published.
Initial estimates of the Indian wind resource had put it at 20,000 MW at the micro
level. Recent studies have revised this figure to 45,000 MW at 50 m hub height.
Potential locations with abundant wind have been identified in the flat coastal terrain of
southern Tamil Nadu, Kerala, Gujarat, Lakshadweep, Andaman and Nicobar Islands,
Orissa and Mamarashtra. Other favorable sites have also been identified in some inland
areas of Karnataka, Andhra Pradesh, Madhya Pradesh, West Bengal, Uttar Pradesh and
Rajasthan. With the assumption of a 20 percent grid penetration, it has been estimated
that 9,000 MW of potential is already available for exploitation in such states.
India ranks as 5th in the world behind Germany, Spain, the USA, and Denmark in
terms of the installed wind turbine capacity. At the end 1999 the figure stood at 1,081
MW, of which 55 MW represented demonstration projects and 1,026 MW commercial
projects.
Tamil Nadu possessed 72 percent of the commercial plants. By 2000, total
installed capacity had already grown to 1,175 MW of which 57 MW are demonstration
projects and 1,118 MW are commercial projects.
The demonstration projects began in 1985, and were implemented through the
State Governments, State Nodal Agencies or State Electricity Boards. With extremely
favorable financial incentives, they have created the conditions that have allowed the
wind energy market to expand from just 32 MW of installed capacity in 1990.
The Indian Renewable Energy Development Agency (IREDA) has played a
significant role in the promotion of wind energy, attracting bilateral and multilateral
financial assistance from world institutions and from the private sector.
A new Centre for Wind Energy Technology (C-WET) based in Tamil Nadu acts
as a technical focal point for wind power development in India.
SWEDEN
Sweden was one of the early pioneers in modern wind power development,
embarking on a wind energy program in 1975. In 1997, following a statement made in
1995 regarding national energy policy, a new long-term transformation program to
develop an ecologically sustainable energy supply system was agreed upon. The
Swedish National Energy Administration, which came into existence at the beginning of
1998, manages the system. In 1999 a government commission concluded that in order
for there to be a major expansion in the Swedish wind sector, it was necessary to
undertake wind surveys and resource planning, especially in offshore and mountain areas.
The Energy Administration oversaw the Government’s three programs for supporting the
development and installation of wind turbines:
1. A three year program over the period 1998-2001 investigating all aspects of
wind power research.
2. Development and demonstration program for wind systems, with a maximum

of 50 percent support; an investment subsidy program.
3. In 1999 there was a 24 percent increase in wind capacity, bringing the installed
wind power capacity to 215 MW.
Wind energy generation increased in 1999 to 369 GWhr, an increase of 18 percent
over 1998, representing 0.25 percent of the total electricity generation.
In the 1990’s research was carried out on the feasibility of offshore wind farms.
A 220 kWe plant at Nogersund was followed by the Bockstigen-Valar project consisting
of 5 plants each of 500 kWe capacity.
In 2000, it was announced that a 10 MW offshore installation on the Utgrunden
shoal in south eastern Sweden had received governmental approval. Other offshore
projects are planned for the period to 2005, but as in other northwestern European
countries there is public resistance to the ever-increasing deployment of wind turbines,
and research is being undertaken in an attempt to satisfy the public attitudes.
UNITED KINGDOM, UK
The UK government instituted the Non Fossil Fuel Obligation Orders (NFFO) for
England and Wales and for Northern Ireland (NI NFFO) and the Scottish Renewables
Obligation (SRO). The orders are collectively known as the Renewables Obligations.
Four Orders were made in England and Wales in1990, 1991, 1995, 1997, two in Scotland
in 1994 and 1997, and two in Northern Ireland in 1994 and 1996.
The UK Utilities Act of 2000 makes substantial changes to the regulatory system
for electricity in the UK. The Act replaces the existing NFFO, but contains provisions to
preserve existing NFFO contracts for the rest of their term. The government will be able
to impose an obligation on suppliers that a specified proportion of the electricity they
supply must be generated from renewable sources. This obligation is supported by a
system of tradable Green certificates by which a supplier which is unable to fulfill its
obligation itself can do so by purchasing a certificate from a supplier which has over
achieved in reducing carbon emissions. The obligation imposed increase gradually year
by year to enable the government’s targets for renewable sources at 5 percent of
electricity by 2003, and 10 percent by 2010, to be achieved.
By the end of 1999, 281 wind power projects representing 2,676 MW of capacity
had been contracted for under the NFFO. Only 19 MW of new capacity was
commissioned during the year, bringing the total operational capacity to 60 wind schemes
as wind farms and single turbines, with 779 turbines representing 344 MW. The low
deployment rate reflects the difficulties encountered by developers in gaining planning
consent.
In 2000, the UK’s first offshore wind turbines off the coast of north east England
came on line. The Blyth wind farm has two 2 MW turbines and is expected to have an
annual output of 10,000 MWhr. It is linked to an existing 2.7 MW wind farm with 9 300
kWe wind turbines lined along the Blyth harbor wall.
The UK’s Government document: New and Renewable Energy, Prospects for the
21st Century, announces the intention that each of the 11 regions of the UK will take a
percentage share of the target for renewable energy sources. Eight regions, excluding
London, in England would total 44 percent, Wales at 8 percent, Scotland at 39 percent
and Northern Ireland at 9 percent.

Suitable sites should have a wind speed of at least 7 m/s, but exact locations for
turbines will not be centrally determined. Each region’s local governments will take the
decision of where to locate the installations.
IRELAND
Ireland’s prevailing winds are south westerly from the Atlantic Ocean. They
constitute a wind resource estimated 179 GWe, 40 times the country’s current generating
capacity. The accessible resource is about 2,190 MW and the practicable exploitable
resource is estimated to be 812 MW.
In the early 1980’s several demonstrations were initiated. Detailed investigations
followed including the establishment of the Irish Wind Atlas and, in the mid 1990’s, the
Government’s Alternative Energy Requirement (AER I) competition.
Under AER I, prospective generators competed for Power Purchase Agreements
(PPAs) to sell electricity to the Electricity Supply Board (ESB). The competition was
open to a range of renewable energies for contracts of 10-15 years duration extending to
2010. Wind energy gained 10 contracts for 73 MW: seven were eventually built.
The second competition (AER II) excluded wind energy but AER III, launched in
March 1997, included a target of 90 MW for new wind energy projects. The results,
announced in April 1998, granted PPA’s to 17 projects with a combined capacity of 137
MW, to be located in Counties Cork, Donegal, Kerry, Roscommon and Sligo. The PPA’s
were for 15 years duration up to 2014.
A government green paper on sustainable energy was released in September 1999.
It reiterated Ireland’s determination to promote renewable energies and, in particular, the
utilization of wind power. It increased the target figures for the period to 2005. It is
expected that wind energy will contribute the bulk of 500 MW of additional generating
capacity replacing an earlier target of 155 MW. If this target is met, wind energy will
then account for 10.7 percent of projected total installed electricity generating capacity.
The first commercial wind plant in Ireland at Bellacorick, County Mayo, was
commissioned in 1992. Its 21 turbines have a combined capacity of 6.45 MW. It
remained the only wind farm supplying the grid until 1997, when a further six were
commissioned under AER I and the European Union’s Thermie Program, with a
combined generating capacity of 44 MW. Since then five farms have been constructed,
including the 4.62 MW Curabwee farm in County Cork, the first under AER III. By
2000, the 12 operating Irish wind farms had a combined capacity of 69 MW, representing
1.4 perent of the total installed electricity generating capacity in Ireland.
Of the 17 projects awarded under AER III, excluding the Curabwee plant, nine
have secured planning, three have failed at the planning stage and the remaining four are
at various stages of the planning process.
The eight farms under construction in 2000 would bring the total installed
capacity to 117 MW.
ITALY
Since 1988 the National Energy Plan in Italy set a wind-power target of 300 MW
to be installed by 2000, and by end of 1999 the installed capacity reached 232 MW. In

the 1990’s nearly 700 MW of capacity received preliminary permits to be built.
In 1999 the Government approved a white paper on the Exploitation of
Renewable Energy Sources. It was drawn up by the National Agency for New
Technology, Energy and the Environment (ENEA) and contained guidelines and
measures for reducing greenhouse gas emissions. It calculated that if an average of 200
MW of new capacity could be brought on line each year for 10 years, then a total wind
power capacity of some 2,500 MW by 2008-2012 could contribute to reducing emissions.
This initiative is encouraged by the payment of premium tariffs.
As part of new legislation, the electricity industry is being restructured and from
2002 onwards, any operator who in the previous year has produced or imported more
than 100 GWhr of electricity generated from non renewable sources, must feed into the
grid at least 2 percent of that figure from new or repowered renewable sources. In
addition, a system of tradable Green certificates, similar to that in the UK, was
introduced. Green certificates are awarded by the Transmission System Operator for the
output from renewable plants for a maximum of eight years. Plant owners are expected
to gain income by selling these certificates to other companies bound by the 2 percent
renewables quota.
In 1999, 183 wind turbines with a total capacity of 104 MW were installed at ten
sites. Italian wind turbines are mostly located in the Apennines range of mountains in the
south of the country. More than 80 percent of the installed capacity is in the regions of
Apulia and Campania. Research is also being conducted into the possibilities of offshore
wind plants.
THE NETHERLANDS, HOLLAND
A Third Energy Memorandum issued in 1995 stated that the Dutch Government
intended to replace 10 percent of the nation’s fossil fuel use with renewable energy by
2020, and that wind energy would play an integral part in this strategy.
In 1999 the Dutch Government published the document: Renewable Energy in
Progress, a report on the progress of the strategy. At the beginning of the year, Novem,
the Netherlands Agency for Energy and the Environment, had been awarded a new twoyear program for implementation in 1999-2000 as part of the Multi-year Program for the
Application of Wind Energy in the Netherlands (TWIN). The report on the TWIN
program for 1997-1998 concluded that the improvement in the price performance ratio
for wind turbines in the Netherlands was proceeding on schedule, but that the projected
rate of installation was lagging behind.
Both in 1997 and 1998, wind capacity grew by 40 MW. This low growth could
be explained by a combination of factors, including those of a financial nature, but the
main problem has been that locations are not being provided at a fast enough rate.
Developing locations is a key theme of the TWIN progam and will help prepare and
develop near shore and offshore wind energy.
By 1999 the total operational wind capacity in the Netherlands was 408 MW,
with 1,258 turbines. The target of 750 MW by 2000 was not attained, the underlying
cause of the problem was lack of public support at the local level. Applying a broad
range of activities under the aegis of the information campaign Room for Wind Energy,
Novem and the Project Agency for Sustainable Energy are attempting to increase public

acceptance of wind energy.
There is some utility ownership of wind turbines, the majority of Dutch wind
turbines are in private ownership, often with shares held by farmers on whose land the
turbines stand.
GREECE
Greece has a very substantial wind resource potential, in the Aegean Sea. Its
exploitation has evolved since ancient times. The Greek Government as part of its
National Program to substitute renewable energies for imported fossil fuels supports a
modern expansion.
The systematic study of wind potential in the Greek islands was begun by the
Greek Public Power Corporation (DEI) in the mid 1970’s. It continued, aided by the
European Union under the Thermie Program and the Centre for Renewable Energy
Sources (CRES), the national organization for the promotion of renewable energies and
the certifying authority for wind turbines.
In 1995 the Greek Government set a target of 350 MW of installed wind power
capacity to be in place by 2005 and provided financial assistance programs to assist this
policy.
The utilization of Greece’s wind resource has been successfully implemented by
locating wind turbines in many of the country’s isolated and island communities. By the
end of 1999 there were 306 wind turbines representing 107 MW of installed capacity,
about a doubling of the 1998 capacity. The DEI publicly owned about 90 percent of
wind generators, but the Government’s lifting of the restriction on privately generated
power has promoted interest in the private sector to develop wind power projects.
The island of Crete is the location of the country’s first privately developed wind
farm, consisting of seventeen 600 kWe wind turbines.
CANADA
Canada has a long history of utilizing its huge wind energy potential. It has
recently embarked on wind farm projects with the USA based GE company.
The Action Plan 2000 on Climate Change is the Canadian Government’s
contribution to the First National Climate Change Business Plan and contains specific
initiatives to support the research, development and deployment of renewable and
alternative energy technologies. For instance, the market for emerging renewable
energies will be expanded by increasing the Government’s electricity purchases from
emerging low- and non carbon emitting energy sources to 20 percent.
The Wind Energy Research and Development Program (WERD) is coordinated
by Natural Resources Canada, a department of the Federal Government. The program
oversees technical development, resource assessment, test facilities and
information/technology transfer. The Canadian Government has formulated various
financial incentives to encourage the deployment of wind power which, to date, has
mostly been conducted by the private sector.
During the 1990’s there was considerable growth in the installed capacity but by
end of 1999 there was only 125 MW in place. By end of 2000 capacity had increased to

137 MW, of which 74 percent was located in Québec and 25 percent in Alberta.
JAPAN
Japan initiated the Sunshine Project in answer to the problems created by the oil
crises of the 1970’s. In 1993, as a way of overcoming barriers related to new energy, a
New Sunshine Program (NSS) was launched and conducted under the aegis of the
Agency of Industrial Science and Technology (AIST) in the Ministry of International
Trade and Industry (MITI). It included a renewable energy Research and Development
(R&D) program that has directed development of wind power in Japan. Between 1990
and 1994 the New Energy and Industrial Technology Development Organization
(NEDO) carried out a wind resource measurement study, and between 1991 and 1998 it
undertook a megawatt class demonstration wind farm on Miyako Island in the Okinawa
Prefecture.
The Japanese installed wind power capacity was at a low level until, in 1995, the
Japanese Government launched a Field Test Program in order to stimulate the
introduction of wind plants. At that time the wind capacity stood at 10 MW, but 1996
and 1997 saw growth of 42 percent and 27 percent respectively.
In 1997 the New Energy Law was passed, which aimed to further stimulate the
interest in wind power and 1998 showed an increase of 84 percent over 1997. By 1999
44 MW of capacity had been added bringing the total to 75 MW, an increase of 138
percent over 1998. The WEC Member Committee reports a 1999 installed capacity
figure of 83 MW.
The target is of 300 MW installed wind capacity by 2010, as reported in the
Primary Energy Supply Plan. The Japanese Government has added two incentive
schemes to the Field Test Program:
1. The New Energy Local Introduction Supporting Program that provides
subsidies to new public-sector energy projects.
2. The New Energy Business Supporting Program, which provides subsidies to
private-sector wind businesses.
In 1999 NSS/NEDO put in place two programs:
1. The Development of Advanced Wind Turbine Systems for Remote Islands, to
utilize the wind resource in Japanese islands where fossil fuel derived electricity is
expensive to produce.
2. The Development of Local Area Wind Energy Prediction Model, a model that
is able to accurately predict the optimal siting for wind projects in the complex Japanese
terrain.
With oceans surrounding Japan and the limited availability of onshore sites,
research has begun into the feasibility of siting wind turbines offshore.
CHINA
In the early 1990’s China set up its Agenda 21 Program defining a strategy to
lead the country on a sustainable development path in the 21st century. One section of
Agenda 21 dealt with renewable energies under the heading of Sustainable Energy
Production and Consumption.

It is estimated that Chinese wind power resources are some 3,200 GWe of which
about 10 percent is exploitable. The areas with greatest wind energy potential are the
provinces and autonomous regions of Inner Mongolia, Xinjiang, Heliongjiang, Gansu,
Jilin, Hebei, Liaoning, Shandong, Jiangxi, Jiangsu, Guangdong, Zhejiang, Fujian and
Hainan. Most other provinces have recourse to isolated wind resources.

Figure 16. South East China and Guangdong Province wind resources.
The Chinese Government’s stated goal is 1,000 MW of installed wind power by
2000 and 3,000 MW by 2010. Only 25 MW capacity was added during 1999, bringing
the total figure to 253 MW. The slow deployment of wind turbines in China has been
due to the insistence on bilateral donor support for the projects and full transfer of
technology, which stalled the projects growth.
In 1995 the USA Department of Energy (DOE) and the Chinese Government
signed a Protocol for Cooperation in the Fields of Energy Efficiency and Renewable
Energy Development and Utilization. In 1996, Annex II to the Protocol was signed with
an objective to promote the sustainable, large scale deployment of wind energy systems
for both grid connected and off grid village power applications in China.

Twelve provincial and autonomous power corporations are engaged in
developing wind power and 19 wind farms have been established in two high wind zones.
The 64 MW Xinjiang Dabancheng wind farm is China’s largest and the 42 MW
Guangdong Nanao wind farm is the largest island-based installation in Asia.
In addition to large wind power farms of 20-100 MW capacity for connection to
the national grid, it is planned to install clusters of small wind turbines in the 10-100 kW
capacity range in townships and villages for rural electrification. On a small scale of
0.5-10 kW plans are for individual homes to be provided with electricity for domestic
uses.
ARGENTINA
Argentina implemented the Regimen Nacional de Energía Eolica y Solar Law at
the end of 1999. Its most important aspects of this legislation are to establish a
mechanism to transfer resources towards the development of the renewable energy
technologies, to guarantee a price for electricity fed into the grid for grid connected
applications or used for public service for stand-alone applications, and to provide tax
relief on capital investment for generating equipment utilizing either wind or solar power.
In addition to 4 small wind plants totaling 3 MW, Argentina’s currently installed
capacity of 14 MW includes 11 MW installed at Comodoro Rivadavia in the Chubut
Province on the Atlantic coast of Patagonia; during the second half of 2001, another 10.6
MW capacity was added into service at this location.
Further projects were added to take advantage of the extremely high average
wind speeds along the coast: 50 MW at Comodoro Rivadavia and 10 MW at Puerto
Madryn in the Chubut Province in 2002, 117 MW at Bahia Blanca in the Buenos Aires
Province in 2003.
An official forecast has been advanced that there could be up to 1 GWe of wind
power installations in the country by 2015. The Argentinian Wind Energy Association
has predicted that more than 2 GWe could be accommodated by 2012.

DISCUSSION
The recent rapid growth in the European countries, particularly Denmark, Spain
and Germany shows no sign of slowing down. The USA and Canada joined the race with
plans for capacity expansion.
By the summer of 2008, the USA wind industry moved past the 20,000-megawatt
(MW) installed capacity milestone. It passed Germany to become the world leader in
wind generation. By the end of September 2008, the USA had over 21,000 MW of wind
capacity.
The UK in 2010 issued licenses for nine offshore wind projects, which would
generate up to 25 percent of its energy needs. China came in first in the world in
installed wind rated power capacity in 2010 and 2011, ahead of the USA and Germany.
The Middle East, the Far East and South America are introducing wind energy
generation into their economies. The rate of expansion depends on the level of political
support from the public, national governments as the international community. This will
be a function of the main thrust and commitment to achieving the carbon dioxide

reduction targets stipulated by the Kyoto Treaty on greenhouse gases emissions.

Figure 17. Wind rotor blades being shipped worldwide on the German ship Beluga
Nomination.
In Europe and Japan, the growth rate is slowing down due to the restrictions and
public resistance to siting of wind farms in highly populated areas. This is shifting the
interest toward the development of offshore wind farms installations.
The new wave of technology has developed rapidly with a future goal of
improving performance and reducing cost.

