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INTRODUCTICN

The first wind enargy programs started around 1975 after the oil crisis of 1873 . After
20 years of studles, research, development and demostration wind power
tachnology has reached a good standard of quality and prices . )

Really just now it is evident the availability of a large potentlal of wind power in the
world not only at acceptable low kWh prices (7 cent USD now, target 5 cents ,
1995), but useful to alleviate the effect of pollution (Global warming, acid rains, ..).
Devaloped countries have in genaral relevant wind power programs for technological
advance and resources assassmant . Emerging countries in cooperation with the developed
partnars are more and more involved in similar programs with own capitais and
intarnational financial aid . Devaloping countries , even with high wind potential , do not
have technology, resource assessment capability, and financial power; then they are
depending on the aid of international and naticnal programs with paor resuils up to now.
in the following pasagraphs a vaery summarized overview of national and international
programs is given for continentat areas to have a more compact panorama of the wind
enargy in the world. Only faw specific countries have been reported as representative
for each continental area to have an acceptable size of the paper.

Some information ’."alven on the international programs and at the end the prespectives
of wind energy in the world are summarized.

In the introduction considerations are reported on the wind energy resources in the world.
In Appendices some conlries are reported In texis taken by the llteraturs, in generai Wind
Powar , Wind Directions, IEA News.

WORLD WIND ENERGY

Two percent of the total solar flux, with an average value of 350 watlts per square meter
of the earth’s surface , is transformed In the atmosphera kinetic energy | it results
about 106 000 Quads per year (1 Quad = 10 EXP15 BTU or 29 3'Wh).

Near surface wind energy amounts to 38% of the above value , 40 000 Quads per year;
assuming a global energy extraction fraction by tha wind turbines of the order of 10%,
the final wind power limit is 4 000 Quads per year.

In Table 1{Eldridge.1981) the power axiraction limits of renewable energies are
compared , exciuding the direct solar; wind has the potentlal higher than hydro,
geotharmal, and tidal power. Moreover the power demand in many countries of the world
has similar values for the wind power potential, as reported for the U.S. .

Of coursa in the reality , to get more practical values , the above extraction limit should
be reduced by a factor of order of 100 "o take account of wind regimes, of tha land usa,
of the environmental problems, of grid connection possibilities.

The distribution of wind energy on the Earth's surface is reported on wind maps in many
ways. In general iso curves rappresen! the annual mean wind speasd or the kWh per kW
of installed machine and year al 10 or 50 m height . Fig. 1a , b ( US Congress, 1984)
show the windy continental regions and islands or coasts of the worid with some tack of
information on Siberia and China.

The annual mean wind speed of the siting area is only a preliminary parameter 1o be
used for site selection and initial evaluation ; for the machine design and periormance it
is necessary to consider other parameters { Fig. 2-Hardy and Watson, 1877) gsuch as
max wind speed , gust spectrum, turbulence.

*This value comes by the assumption of using anly 271000 of the ocountry surface
{ Land + sea+ lakas) and by the concentrating about 5 times {1800/8760 hours }the
annual mean wind flux in the turbine working time ( Approximat. 180¢0hours).
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The total wind power in operation in the world in 1990 was about 2000 MW with 1525
MW in California and 480 MW in European Community . The elactricity generation was
more than 3.2 TWh with 80% in California and 17% in Europe (Fig. 2- Milborrow,
1991},
The total installed power in the workd was about 3000MW  at the end of 1992 with 1800
in USA, 850 MW in Europe, and 350 MW in the other countries.

INTERNATIONAL COOPERATIONS PROGRAMS

The ‘have iheir own davelopment programs and technology for the exploitation of the
potsntiai of wind energy in their territories . On the other hand emerging countries
have reduced financial resources and incantives for using renewable energies , while
devaloping countrigs lack of financial resourses and techrology.

Then cooperation activitas among developed, emerging and developing countries have
baen carried out on bylateral agreements or through spacilic programs of international
organizations. )

US-AID ( USA Agency for International Development } is collaborating with many
countrias through the Office of Energy. In the past wind programs have been developed in
the Maditerranean with Egypt, Tunisla, ex Jugoslavia; presently is supporting an
imigation project by smail wind pumgs in Indonesia togather with the Wolrd Bank.
DANIDA , the Danish aid agency , has baen very active in Capo Verdae, China , India , and
Somalia. In Fig 3 the results of the investment programs for wind anergy in the above
countries are compared.

£l Dorado is a 5 years program set up by the German Federal Resarch Ministry (BMFT)
to provide financlal and tachnical assistance for 20MW of wind power plant to be installed
in the developing countries having cooperation agreements with Germany. Concrete plans
exist in Brazll, China, Egypt, and in the Martinigue isiand.

ltaly , Netherland, UK. with other countries, the European Community have cooperation
programs and are giving specific training courses on renaewable energies for engineers
and excecutives of developing countries.

The World Bank and Ihe United Nations have started in 1991 the joint program
GEF(Global Environmental Facility} to aid the environmentally benign developmeants in
the Third World . GEF is promoting a large wind energy project in India for electricily
genaration (85 MW wind farm), in Costa Rica (20MW), and for irrigation in Indonesia.

NATIONAL PROGRAMS PER CONTINENTAL ARIAS

EURCPE

-European Community

During 1992 wind enargy has been booming in Europe ; about 225 MW have installed
compairad to the 10 MW of US (California ). Germany and U.K. are the leading countries
with respectively 100 and SOMW .,

The total wind powsr Installed in1981 in the European Communily . thal rapresents
about 97% lotal European capacity, is shown in Fig. 4 , while fig. 5 reporis the
svolution in the last 11years

It appears in Fig. 6 that the rate of turbine Installation has been avolving from a low
mean value In 198(v84 (13 MW/year), to medium one In 1984/90{ 43 MW/year),
and in 1989/92 up to the accelerating vaius 165 MW/year,

The total installed E.C. wind power in 1992 (Fig. 7) amounis to 785 MW with leading
countrias Denmark (450 MW}, Nederland (100 MW), Germany ( 95 MW), Spain
(45MW), and U.K. (30 MW); Gresce (20 MW), ltaly {15MW). Balgium, ireiand,
Porlugal , and France totai 10MW together.

A forecast(Fig. 8) of the E.C. DG XVIl-Energy (Novem,1992} shows a wind turbing
capacity of 4050 MW in the year 2000 and of 10 100 MW in the member countries.

T
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The ALTERNER program of EC has set a goal of 8000MW fo the year 2005. In the Plan for
Action (EWEA, 1991) the European Wind Energy Assoclation forecasts for E. C. an
instalied wind energy goal of 4000 MW for the year 2000 { Fig. 9)and 11500 MW for
2005. The European program for wind energy  are:

-Joule | and N -DG X!l Research

-Thermie -DG XVI Energy

-Altarner for dissemination and resources

-Other( framework, Pim, MED,.)

The rest of Europe {Finland, Norway, Sweden, Switzerland , Austria eastern countrias,
Russia and federated countries , Baicanic countries) has globally a good potentiai
particularly in the North Eurcpe. The installed wind power accounts for about 20 MW.

E. C. Mamber countries

-Denmark

The installed wind power is 450 MW .,

The test Canter of Riso has been vary effective for testing many prototypes of small and
large industry . The Metecrological Office of RAiso is the leading team that has succeed in
producing the European Community Wind Atlas in 1990.

The 650 kW stall controlled turbine Nibe A is operating with new cantilevered Wooden
biades. Nibe B with pith controlled wooden blades has generated 7116 MWh (1381)in
25 699 hours since february 1384 . Nibe A and B are demonstraction piants for
technology development.

The five 750 kW turbines installed in 1986 in Manasdo power stalion (coast of Zealand),
were designed with experience of Nibe prototypes: four of them have accumualted 16 700
/18 000 hours operation untill 1992 ; the fifth unit damaged by a fire in 1987 s
again in operation.

The 2MW Tjaereborg turbine, upscale version of Nibe and Manesdo units with a rotor
diameter of 60 m , has accumulated 6779 hours(1991) and produced 444 MW.

8y the and of 1991 the total wind capacity { private and utulities) was 418 MW with
740 GWh / year, corresponding to 2.3% of the Danish electricity consumption and at
kWh cost of 0, 056 ECU .

The first Danish , and of the world, offshoret 5 MW wind farm , installed in Vindeby (Wst
of Lolland} in 1991 is operanting weil with a cost of the kWh 50 % higher than the cost
of the onshore site. The Wind farm contains 11, 750 kW Bonus turbined Installed in a
water depth ranging from 2 up to 6 m at a distance from shoreline batwesn 1200 and
2400 m.

-Germany

The Meteorological Service has produced a new Wind Map of West Germany with
extansion ta East Germany . The coasts of North Sea have the best winds ( mean annual
speed up to 6.9 mvs).The potential is very gignificant about 12 000MW (Jarass, 1981).
In March 1993 the Installed wind power was 180 MW (Flg. 10 -Knight, 1893},

Three 640 kW single-blade Mon 50 of MBB continues operation at the Wilhelmshaven .
Another Mon 50 has been installed near Hamburg for a pumped storage plant. .

The 1.2 MW WKA 60 , in operation in the island of Heligoland since march 1990 , has
accumulated 9300 hours and 1900 MWh { october 1991} in the Island grid fed by
2x2.7 MW diesel units,

The 3 MW Aeoius ! , sister unit to the Swadish Nasudden turbine, has been installed in
1992 at Wilheimshaven.

A new concept { no gear box- 4 pole generator) 450 kW prototype has been installed In
the 1992 by Enercon at Hanswehrum ( Lower Saxxony) for tesis . Scaling up 1o 2 Mw
size is considared.

Saeveral other large and medium sized wind turbines have been developed , and are now
in the market {Husum, Enercon , -Fig. 11).

4

A big support to the wind energy exploitation has been produced by the 250MW (S0 MW
resarved to East Germany) program of BMFT( Faderal Research Ministry } started In
1989 planned to run up to 1998, monitoring project resuits up to 2006. Fig. 12 shows
the annual targets: Fig 10 shows the the annual prograss to february 1992,

Fig. 11 shows the maufaciures of the installed turbines ; all are European with high
parceniage of German, Danish, Dutch wind industries . The categories of the daveloper are
reported In Fig. 13. The 18 state subsidy levels are shown in fig . 14.

The 250 MW program has subsidised 117 MW , the total power of 719 turbines larger
than 200kW, size non accepted for the best use of sites avallable.

The German booming market I8 considered due to three factors: first the 250 MW
program, second the market stimulation programs by the the governments of the federal
siates, thirdly by the electricity price law of 1991( payment of kwh fed to the grid).

-Netherland

The techrical potential is 9000 MW , but ambience perlurbation( Noisa, visual
intrusion , .) by wind turbines might reduce It to 2000 MW.

Government through the 1PW (Integral Wind Energy Program } 1991-1995 has goal of
1000 MW for the year 2000 and 2000MW in the 2010 (Fig. 15-Novem, 1392}. The
Instalied power at the and of 1980 was 75 MW, in 1992 about 100 MW

in 1995 the IPW target is 400 MW to be reached al a rate of 60 MW/year. The
utilities have ancounced pians to invest in wind capacity of 250MW unlill 1995.

The TWIN { Support of Wind Energy in Nederland) program 1991-1995 , based on the
results of the previuos research program NOW (1986-1990) will be annualy agresd
with Novem {Ned. Agengy for Energy and Environ. ) for technology developmaent.

More infomation In App. A

-UK. {see Appendix B)
-Spain .
-ltaly

-Gregca

Other European Countries
-Norway { See Appendix B}

-Czach Republic = )
Czech tarritory |s in a moderate wind area , where significant applications can be dona.

The lack of wind data pravents a good evaluation a the wind potential. The Praga 's
Hydrometeorological Institute s working for the wind anergy assessment of the country.
The Vitkovice steel works in Ostrava has & wind branch : Vitkovice -Moslama Frydek
Mistek(VFM) , that is developing 75 KW and 315 KW turbines starting by the german
technoiogy ( Tacke). A similar 315KW turbine is now produced by Energovars , a
company set up by some people who left VFM. A first 315 kW Energivars prototype will
be installed In 1993 by the utifity CEZ in Krusne Hory an hilly part of Erzgebirge , a
border area with Garmany devasted by the Hgnite mining. CEZ also Is planning the
installation of four Danish 320kW turbine at Bozi Dar.

Two Vitkovolce 75 kW units are installed : one near Karlovy Vary by a privata investor
and another one at Bozl Dar a village on the Krusnea Hory hills.

A Danish Wind Power 175 KW was Installed in 1$90 at Hruba Vrboka near Siovak
border for the electric nesds of a cooperative, and another 30 kW unit is in operation at
Banov , South East Moldavia,

Aero Praha ( Prags) is producing a 400 kW turbine in Co-operation with CKD Praha and
the Italian West (Taranto jof the giant Alenia group.

Small size furbines are manutactured by Bohemia Electric Bese (7.5 kW), Datvet (3 and
7 kW), AVE Moravia (500w}

A wind farm project of 5 Danish Vestas, 500 kW turbines is planned near
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Ranzovkesedio, North Moravian hills, by a consertium of local pacple and municipality
authority.

-Sweden (See Appendix B)

-Ukraine

A large project , worth USD 500 millions , is stariing the installation of a S00MW wind
farm with 5000, USW 56-100 units In Grimea by Windenergo . This Company has been
set up by Californian U.S. Windpower , the Crimea slectric utllity Krimenergo and PHB
Ukraing , a subsidiary of an American and B8ritish consultanis Putnam, Hayes and
Bartlett, aiready working for the Ministry of Energy and Elecritification.The Ukraine
wind farm project on the Crimea peninsula (Black Sea) will produce one -aibgth of the
power supptied by the three nuclear reactors surviving to the 1986 accident at
Chaernobyl. Windenergo will manufacture and sell the USW58-100 turbines , production
is starting 19983. The first 250 wind turbinas shouid be in operation in  summer 1993.

NORTH AMERICA

-Usa

The wind energy potential mainly for slectricity production in the grid is 80 TWhiyear.
A racent study of Pacific Northwest Laboratory has found significant wind resources in
the most areas of United Stales to be axploited al convenient condilions. Another study by
the UCS (1992) reporis the wind potential for12 states (Fig. 16) for a total of 18.6
TWh. The evelution of wind powsr installed in California in the last 10 years is shown in
Fig- 17. The total installed wind power in U. S. in 1992 is 1800 MW , of which up to
1700 MW in California, 25 MW in Hawai, the remaining 75 MW in the other States.
From the successful Wind Power Conferance 1992 in Seattle {(Washington State) , with
more than 500 partecipants from utilities, industries and federal Agencles , many
qualified speakers predictad about 4000 MW installed by the year 2000 or 5000 MW
by 2001 and about 20 000 MW [ 50 G000 turbines of 400 kW) by 2005 with a
production of 50 TWh/year , 64% of the nation's wind potential.

The American ulilities are planning 1000MW wind power within the year 2000 .

The Northwest States will install 25 MW by 1994 and 100 -230MW by 1997.
Wisconsin , Texas , New England are starting evaluation and planning of wind farms for
the coming years.

The Rocky Flats Test Cantar is going to be renewed by NREL{ National Renewable Energy
Laboratory) for testing 20 turbines , 10 ensure delivery of wind turbines capable of
producing power for $ 0.05/kWh by 1994-1995 in 6nvs winds.

The Advanced Wind turhine Program (AWP) of DOE (Dpt. of Energy) will support in
the1992 /93 the deveiopment of unit size between 250 and 750 kW with energy cost of
4 centkWh {USD), compaired the {oday value of 7 Cent’kWh,

DOE and EPRI (Eleciri Power Research Institute) have sat up a8 n Utllity Wind Interest
Group to incourage and give expertise to the regional utilities on wind energy.

-Canada {See Appendix B)

CENTRAL AMERICA

The most part of the Caribbean Islands have good wind regimes . Many cooparation
programs with Europgan and American countrigs are promoting wind energy .

In 1991 a 3 MW{ 12, 250 kW Nadwind) wind farm wereplanned for installation in the
Isiand of Curacao by the local ulility Kodela with partial funds of Netherland Govermment
and the European Community.

Martinique s cocparatng with Gemany through the E! Dorado program.

On the continental shore the GEF{ Global Environmental Facility) of World Bank and U.N.
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has plan to fund a 20 MW wind farm project in Coste Rica together with Inter-American
development Bank and the Costa Rican Electric utlity. The chosen wind turbing is the
new US Windpowerd3-MVS. ‘

SOUTH AMERICA

The wind potential Is significant. No strong eHort have been done to date for power
applications.

-Argentina

The potential In Patagonia { South } is snormous , with a population grouped in few cities.
Programs for wind energy application have started in 1984 in cooperation with
Germany, and (ately { 1989) with Italy for the production of medium sized wind
lurbines [n Argentina, where there are manufacturers of turbines up to 1 kW, The most
known is Kokai-Tecnia.

-Brazil

The country is in the region of trade winds , that are good in the North-East coastling.
Wind pumping is considered of Intarest for farmers . Applicalion to stand alone systems
have been studled for cooling storage systems.

Cooperation with Germany , related io development of a 100 kW turbine Debra in
1984/86, is now continuing through the El Dorado Program.

In 1991 a cooperation program has started between the Danish Folkecanter for Ranewabla
Energy and the Brazilian Eolica {Univ. of Recife) wilh the aim of promoting wind Energy
in Brazil , depanding 96% by the hydropowsr. As a result of the collaboration a 75 kW
Danish wind turbine will be instatled by the slectricity company CELPE in the island of
Fermando de Noronha (North East). Later on the turbine will be manufactured in Brazil.
-Chile

The Pacific coast is has a good potential similar to the coast of Perl and Patagonia in the
South. Interest is growing for application at Univarsity level. There is a manufacturer
for gmail wind pumps( Teckna}.

-Perd

The pacific coast is windy and has potential for wind farm application . in tha 1985/ 83
for a collaboration program with ftallan Riva Calzoni 5, SkW wind turbines wera
installed to supply electricity 1o a fisherman village.

-Uruguay

The wind potential is of the order of 400 MW (Vinas , 1982) in the range of cost of 4
centkWh (USD). The government authorities are planning to promote utilites for wind
energy exploitation due to the shorlage of other sources in tha future{ hydro).

ASIA

-China

A large potential of wind energy, of the order of 474 000 MW, has been evaluatad on the
base of measured data of 750 meteo slations . The windlest provincies are the
northwestem Gansu and Xinijang , where 9 areas are available with a yearly wind speed
averaga of 8mvs, Other windy provinces are : Inner Mongolia and tha coastal Liaoning,
Shadong, Zhejlang, and Fujlan { Fig. 18)

The wind power goal in the year 2000 is to insialle 1000 MW mainly connected 1o large
or local electric grids 1o supplement the thermal and the hydro generating capacity , that
now is 141 000 MW ,

For this the Minister of Energy has launched & program for building 12 madium size
wind farms within 1995,with a total capacity of 200MW, to alleviale the shorlage of
electric power and bring electricity 10 scatiered communities. The wind farms will be
installed in the province of Xinjiang, inner Mongolla, on the Liaonig and Shandon
peninsulas(Bo Hai Sea, and in Zhoushan Archipelago .Present installed wind power Is 27
MW { 23 grid connected).
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The most impostant wind energy demonsiration Center Is al Dabancheg -Xinijang ( See
fig. 19), where are in operation 8 new danish 300kw turbines (4 Bonus, 4 Nordiank) ,
13 Bonus 150 Kw ( of 1989) and other 5 smaller tubines for a total power of 4.5 Mw.
The Center, the largest Wind Farm in China , feeds electricity ‘o the grid of Urumgi , the
capital of province , with a power deficit of about 300 MW. A future expansion of the
Center is promoted up to 30 MW in 1995 and 100 MW in 2000.

The Danish oversea agency DANIDA has been sponsoring Dabacheng Center by
technological support, persannel training and turbines instaliation{ 3 million USD).
Danish Nordtank has supplled alsc9, 300kw turbines for two projects in southern

Guangdong.

Cther five test stations{ three on the islands /Haitan and Dachen Islands in the East and
Nan‘ao in tha South China Sea . one at Zhurhe (Inner Mongolia) and at Rongchen
{(Shandong Peninsula) have 44 additional wind turbines , most from Europe.

Germany is present in China by El Dorado Programme financing two wind farms
projects(worth 4 milllon DEM) with 12 , 250 kW turbines of Husumer Schiffswerk, of
which 8 in Zhurihe{lnner Mongolia}, 4 in Chagxing (Dallan).

MAN has installed a 10 turbine wind farm with 30kW Aaroman on Sliiao istand { close to
Shangai).

ltaly has 1o supply some 300 kW turbines through & cooperation program .

China is the largest producer of micro (20-40 w) wind turbines in the world with 38
manufacturers producing 35 000 units a year .and with an Installed number of machines
of about 120 000 { routly 4 MW) , 90% of which are used in the Inner Mongolia
province by farmers and herdsmen as bactery charger, for ligthing, water pumping,
butter churning , television,

The Chinese wind turbing technology is anyway growing . The Fuhou Power Equipment
Factory {Fujlan)as made a 55 kW fturbine , installed at Pingtan Test site (Haitan island),
and Fujian Machinery Plant has made a 200 kW .

Cooperation on technology is growing With European and USA.

-Russia (Siberia)

Wind energy potential in Siberla is huge . The annual average wind speed is 5 10 6 mvs
in the area of Khabarovsk, 6 to 7 mvs in Sachalin , and 1010 to 12 m/s in Kamchatschka.
The wind shara Is about 50 % of renewable energy ( Solar . wind , hydro} potential, that
can cover the e¢ntire needs of rural esastern regions , expleiting it in a pariobd of 12
years. At moment the numerous remote settiments rely on diesal generators.
Vetroenergetika , a company set up in1992 by the Russian Dalreo Group and the Duich
LMW . is planning to axploit wing energy in the East Siberla by special commercial
aggreements to overcome the lack of Western monay. Using the money earned in the
West from sales of Siberian salmon , Dutch wind turbines can be bought. Up to now LMW ,
through Vetroenergetika, has supplied 55 small wind turbines to East Sherla .

-India

India has a potential of 25 000 MW wind energy generaling capacity (Mathews, June
1992). The windy areas are more in the coastal areas of Gujarat, Tamil Nadu, and other
southern regions (Msharashtra, Kerala,.), and in the mountainous purt‘ of Internal
regions{ Madhya Pradesh, Himacal Pradesh,..). ‘

In four districts of Andra Pradesh (Anantpur, Neilore, Chittoor, Cuddapah) there Is a
potetial of 830 MW, and plans are in progress for 90 MW 10 be Installed in 13 differant
sites. Work are in progress for the complstion of the Interim Wind Climatoiogy Reports
for all the states.

A power target of 1000 MW s considered for the year 2000 by the Minister of Power.
The DNES (Deparimant of Non conventional Sources ) has a target of 400 MW within the
the the period of 8th Plan for India , stil not approuved in 1992,

Total 1992 installed wind power is 50 MW |, of which 38.3 MW has been commissioned
supplying 60 TWh in 9 mounths of 1991. Fig. 20 ab raports the Indian wind farms and
locations.

8

DNES is developing indlan wind technoiogy with the state owned BHEL(Bharat Heavy
Electrical Lid.). Two prototypes of 55, and 200 kW have been consiructed with a good
indian technological content. The 200 kW protolype s connacted 10 the grid In kajatar in
Tamil Nadu. A 200kW second unit s expected to be installed within 1992 at Lambda
Gujarat.

asl MW for wind farms are proposed and parially funded by the GEF(Global
Environmantal Facillty ), the joint program of the World Bank and the United Natlons.
The total cost of the wind farm , estimated 125 millions USD, will be shared by GEF
{13ml), tDA ( International Development Associaton-15 mi}, the Danish DANIDA and the
Indian Gouvemmaent and other organizations( OECF of Japan, ..). The size of wind turbines
will be 200 or 300 kW ; the supply of turbines will ba after an International bid.

The sites of the wind farms will be in the states of Tamil Nadu, Andra Pradesh or
Kamataka, where are proven rasourcas.

A large manufacturing capacity is present in India for wind pumps . About 2800 units
have been istalled during 1991 in 23 states with support of DNES.

Hundred wind bactery chargers were put in operation. Cthar smail unit (SkW) have been
installed in West Bengal, In Lakshadweep, and Ladakh.

AUSTRALIA

-Australia

The danish Nordex has supplied a 150 kW To the town of Coober Pedy { South) and is
partially funded by government. About 500 MW of wind power inlegratlop can be
obtained with the 500 to 1000 MW of Diesel glectricty generators spread in remote
areas of the continent.

-New Zeland ]

Wind Potential is good ; mean annuai speed of 10 m/s can be found in many area of the
islands. The best areas are In the North and in the South.

Eiectricorp Production , the New Zealand utility, is planning wind energy applications to
the grid . A medium sized wind turbine will be tested close the cappital cily , Wellington

AFRICA

-South Africa )

Wind resourse i good. National grid applications arg considered feasible . At moment
preferance is given to the inegration of small grid with diesel generators to be fed by
small wind farms. Cosis look promising(Fig. 22).

Low cost wind charger 150 W for education TV or wind pumps for remole appl!cations
are designed and bullt in South Africa.There are many units in the country. A special

1 KW Savonius turbine has bean developed by the South African Plant and Engineering
for the above application.

-Somalia (See Appendix C}
-North Afrcan countries (Egypt, Libya, Tunisia, Algeria , Marocco}
( See Wind Energy [n the Mediterranean)

PERSPECTIVES

On march 1993 it was heid In Travemunde (Lubeck-Germany) EWEC 93 , the Wind
Energy Conference organized by the two General Directions (X! Sciense,Research and
Development and XVIl Energy) of the Eurcpean Communities.

EWEC 93 gives the most up to date picture of wind energy technology, economics,
applications, market in Europe and generally In the World considering the partecipation
of 600 delegats, rapresenting 30 countries. Following specific trends are given for
technology,market and for national and intemnational programs according this confarence



and oher sources of informations.

-Technology

*Horizontal axis machines are the most used with metal fubular lowers, up wind.

*The number of the blades is more frequently itwo for large , two/three fo medium sized

turbines, even if manoblades are available for both sizes.

* The trend for medium sized wind turbines is the range 400-750 KW/ unit with rotor
dlameter 35- 45 m

*The trend for large size wind turbines in the Europe and USA is now in the range 1-1.2
MW /unit with rotor diameter of 45-60m ; many protypes aré under advanced phase
of davelopmant.

The D.G.XIt E. C. is promoting the development of the above large sized turbines trough

the WEGA | and I program , considering this size more appropriate for the utilization of

the available sites.

-Market
*The most commercial medium sized turbines are in the range of 30-45 m rotor

diameter , 300- 600 kW.
Development of the annual sales of grid connacted wind turbines with the actul sales up
and including 1987 is shown in Fig. 23,
The intemational market is shared mainly by tha Danish, Duich and USA companies . in it
is shown the Danish export 1991 1992 for a totai of 930 turbines , over 100 power
rating, with a lotal power of 215 MW.
Fig. 24

Curacao, Netherlands Antilles, the
Caribbean. . : )

3 NEWECS4S5 newr Medemblik (nr |3
on map), owned by PEN, the utility of
the province of Noord-Holland.

Another NEWECS-25 uait was operated
near Borssele by the utifity of Zeeland.
The machine wag abandoned in 1989 be-
cause the operation and maintensnce be-
came (o0 expensive as a result of regularly
appesring failures.

The briel specifications of the NEWECS.
serics 21w given in Table 7,

NEWECS-25 at Schiedsss snd Cumcao.
These machines are in rourine operaticn,

NEWECS-45 NEAR MEDEMBLIK

Since the comprehensive ing pro-
gramme (NOW and CEC DG XVII) had
been concluded at the end of 1988, the
tucbine ls in routine operation

Table 7 -~ Specifications of
NEWECS-2S5 and NEWECS-45

NEWECS-25
Rated power kW 300
Rotor diameter m 2.5
Hub height m 22/35
Power control full span
blade pitch
Rotstional speed pm  58-72
Optimum tlp speed rado 8
Blades : number 2
material GRP
airfoil NACA4412to
4424
weight kg 600
Mazses: tower ton 14/24
nacelle (incl rotor)  ton 13
Tower type Tubular steei
.. Conversion system AC-DC-AC

NEWECS.45
1000

45

60

full span
blade pitch

3645

35
Tubular steet
AC.DC-AC

INSTALLED WIND POWER in tha NETHERLANDS

only IPW, status per July 1990
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Table . Comparison olopower demands and oxiraction {lmits. WINDY ISLANDS AND COASTS
{Quads per year) Clasailed by Ansusl Oucput In Kilowstt-Houns per Kiowsit®

would be $760 kilowstt-hows per Xilowati (24 houns per day (o1 363 days).
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Fig. 6 Euolution of the wind energy installed capacity in the EC Member States.
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4,000 MW by the year 2000
11,500 MW by the year 2005
25,000 MW by the year 2010 and

100,000 MW by the year 2030.

The wind energy goal for 2030 estab-
lishes a long term scenanio for the de-
velopmant of wind power in Europe, the
timescaie of which can be shortened if
necessary.
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- Capa.ci ty erected Capacity erected

___ 193 in 2000 in 2010
Belgi#/Belpium £ 50 100
Denemurken/Denmurk i 1000 3000
Duitsland/Germany L 500 1000
Groot Britanni/Great Brivain 144 500 1000 S
Grickenland/Greeve 2t 400 1000
Halit/Tealy 20 300 1000 ”
Nederlund/The Nethertands  } L0 1000 2000
Spanje/Spain L% 300 1000
Totaal/Total Y 4050 [ 4,0
- Fig. a—l S
Vooruitzichten ten aanzien van het gelnstal- Forecass of erected wind turbine capacity in

leerde windturbine vennogen in de Europese the European Comumty (CEG/DG XVil).

Gemeenschap. (CEG/DG XVIf)
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WIND ENERGY POTENTIAL —
With environmental and urban exclusions ~
Clam 3 Clast 4-6
Thousad  Billion Multiple Thoumad Billioa Multiple
Megawstu  kWh of State  Masgawatts kWh of St
Demand Demand
Mlinois 25 60 045 0 0 0.00
Indiana 5 Il 0.11 0 1 0.01 |
Iowa 579 1,374 4487 245 713 .27 .
Kansas 914 171 5933 436 1278 3493
Michigan 149 353 N [ 18 0.19 qu 18
Minnesota 395 938 2126 461 1337 3032 )
Missouri 139 330 5.63 0 I 0.02
Nebraska 902 2.143 9522 20% 506  26.90
North Dakota 334 793 2630 934 2,739 90.86
Ohio 72 170 136 2 4 0.04
South Dakota 753 1,789 21794 517 1,524 18568
Wisconsin 139 329 675 1 3 007 |
Midwest 4,405 10461 1432 23807 8225 11.26
Uniont of Concerned Scientists, Powering the Midy R ble Elsctricity for the
Economy and the Environment, 1983,
CALIFORNIA WIND POWER
PLANTS CAPACITY INSTALLED
_J 1.800 )
|
-
|
Fig. 17
1990 WORLD WIND GENERATION

Flagship profecis Part of the Dabancheng wind (arm of Bomirs
|above) and Nordtank turbines near Urumai, capital of Xinjiang.

Fig. 18

Fig. 19
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Fig. 21

1981 1983 1985 1987 1989 1991 1993 1995 (997 1996

PERCENTAGE OF BULK

; T2 Europe T North America T Al others
Jaarlijis aantal verkoclite windturbines 1ot en Annual wind tiurbine sales up to and including
met 1987 en een “hase case “voorspelling tor 1987 anid a base case forecast up 1o the year )
aan 2000, (Jaras: Wind Energy 1983) 2000 (Jaras: Wind Energy 1988).
Fig. 23
Fabrikant/ Land/ Aantallen turbines (¢/m 1989)
5007 Manufacturer Country Number of turbines (up to 1989)
asH — _US Windpower us 3500
S (P — Mitsubishi _ lapan 300 - 400
asoy| 3 it H Vesta/DWT DK 2800
ang 4 1 els turning +— Micon DK 1600
250 — Fig.22 ] Bonus DK 1250
201 — Nordtank DK 1100
1504 E _Danwin DK 300
100 1 —_Windworld DK 102
501 T HMZ Windmasser B/NL 269
e Nedwind-Bouma NL 58
) Nedwind-Newinco NL. 68
Figure 2 Bar greph shoving a cost comparison of snergy Lagerweij ~___NL > 100
PaLE aamracing Soster Thie s s ois of el ettt 4 toles = m
and ovm generating costs of. :i;in;‘1: n::lit;’l::l::::o? ' MAN * D 321
vind is own, ; :
. Enercon D 35
i Elekomat D 13
WEG GB 27

* Fabrikanten die tiebben asngekondigd e zul- * Manufacturers that have announced (o stop.
len stoppen.

Overzichi van de belaneriikste windturbinefa- Overview of the main wind turbine manufactu.
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EARTH

Radius R = 6378 km
Total solar flux (annual average): 350 W/mq = 350 MW/ kmg

Solar flux transformed in wind power, 2% =7 MW/kmg

Surface S= 4R = 510 million kmq

2

Tatal wind energy in a year: 7 MW/kmg x 510 mkmq 8 760 h =
= 31. 27 ml TWh = 106 000 Quads

Extractable wind energy near Earth surface 0,38 x 106 000 = 40 000 Quat

Total wind energy available by wind turbines Q.1x40 000 = 4000 Quads

or about 1 million TWh per year

15

1 Quad =10 BTU = 293 TWh

Table [ Comparison of power demands and extraction limits.
(Guads per year)

GiOBAL
Power demasd — 1980 AT
Farragtion limis
¢ Wind power $.000
* Hvdropower 120
+ Gembermal power f
+ Tidul power 2
{INITED STATES (48 contingunus)
Power denvmnd — 81 [
Lxtraction lawin
* Wind power ey
0
Learning by their mistakss
Wise and unwise investments in aid
|
Couwer/ o4 N, SIZE AND MAKE wmn/ [ @9/ INTERNAL RATE I
LoCATION - WD TUINE . ST W gFREa
indis :
Lamnba (Guyarats 10 50z 200 kW Vestas
Kayathar [ 30 % 200 kW Mxon I1986-19%2  $27 nwen 30074 20-80% f
hAupgandal (Tl Natiu) & 204200 K Micon X
China i
TDatercheng 195 132 150 kW Borrs 1906- 198 1 31 mitlion 10.08 0-2 0%, |
Capa Verde !
Praa aoe 2255 hW Vmiag !
*Assomada 5540 1 & %5 ¥W Bomn 19811924 42 2 nvthem 914 0-2.0% !
Somalia ;
0.22 ArSSRW VAL 1984.1990  §3 Lrlmn $015  notrmen |
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APPENDIX B

Country Reports

Canada

The Canadian annuai budget for
wind energy R&D is around 0.7 to
1.0 MCAD. Two test facilities are
supported: the Atlantic Wind Test
Station (AWTS) in Prince Edward
Island and the Alberta Renewable
Energy Test Site (ARETS) in
Alberta.

Adecon Energy Systems is testing a
150 kW VAWT and is also assem-
bling a 300 kW VAWT at their test
site in Oneario. Hydro-Québec’s
research division. [REQ, is planning
to set up a wind-diesel demonstra-
tion system at the AWTS, consisting
of four 20 to 80 kW wind turbines
and two 30 kW diesel generators.

The 500 kW Indal VAWT has
completed several years of testing at
the AWTS and has served its orig-
inal R&D purpose. However, a
recent problem in the lower bearing,
and other intermittent mainienance
requirements. may force a decision
to dismantle the machine if contin-
uing costs ¢an not be balanced by
revenues from the electricity gen-
erated into the [sland grid.

In May 1991 a fatigue crack was
discovered in one blade of the EOLE
VAWT at Cap Chat, Quebec. The
crack was repaired and the urbine
was back in operation on 21 June.
This large variabic-speed rurbine,
nominally rated ar 4 MW, was de-
rated to approximately 2.5 MW after
commissioning ia March 1988 in
order 1o avoid a structurai resonance
near full power. By the end of
February 1992, 9140 MWh of elec-
triciry had been generated in
somewhat more than 16.000 hours of
generating time. Since beginning




automatic operation the overall
availabiiity has been about 93%.

Two windfarms are under construc-
tion in southwest Alberta: one at
Cowley Ridge consisting of ten

100 kW and twenty 400 kW U.5.
Windpower turbines. and the other at
Pincher Creek, which will have ten
150 KW Adecon Adecon VAWTS.
Both windfarms will sell electricity
10 a local utility for about

0.05 CAD/AWh. Another 10 MW
windfarm has been approved for
construction in 1993 in the same
area of Alberta. and Saskarchewan is
examnming proposals fora 10 MW
windfarm in that province.

Denmark

During the period 1980 - 1990. the
otal Danish government expenditure
on wind energy was about

615 MDKK (about 95 MUSD or

78 MECU]). About half of this was
spent on subsidies, which were
inittally 30% of investment cost but
have gradually been reduced to zero.
Present annual allocation for R&D is
about 10 MDKK.

The 650 kW stall-controiled Nibe A
is being re-commissioned with new
cantilevered wooden blades. Nibe B
has had pitch-controlled wooden
blades since February 1984 and has
operated for about 25.699 hours and
has generated 7116 MWh of energy.
The five 750 kW ELKRAFT
turbines. located near the Masnede
power station on the south coast of
Zealand. have largely the same
specification as Nibe B. and were
installed late in 1986. Four of the
five have each accumulated between
about 16.700 and 13.000 hours. One
was destroyed by fire in October
1987, but has been rebuilt and
returned to service. The 2 MW
Tjereborg wind turbine is an

upscaled version of Nibe B with

60 m rotor diameter and hub height.
After a gearbox reptacement. the
machine is now operating well and
had accumulated 6779 hours and
produced 444 MWh of electricity by
the end of 1991.

By the end of 1991, the total number
of gnid-connected small-scale wind
wurbines, privately or utility owned,
was 3218, with a total instatled
capacity of 418 MW, The energy
generated in 1991 was 740 GWh,
corresponding to 2.3% of the Danish
elecrricity consumption. The average
cost of energy for cight wind farms
in the ELSAM area of Jutland is
equivalent 10 0.0563 ECUAW
assuming 20 years lifetime and 5%
real interest rate, including O&M
costs. The O&M costs are

0.0085 ECU/KWh, based on
experience.

The tirst Danish offshore wind farm
was commissioned in mid- {991 at
Vindeby, north-west of Lolland. The
wind farm has | | wrbines. each
rated at 450 kW. The tutbines are in
two rows in walter depth varying
from 2 10 6 m, between 1200 and
2400 m from the shoreline. The cost
of encrgy of 0.08 ECUKWh is
estimated o be 50% higher than for
an average onshore site.

There is no sign of a decrease in
Danish wind epergy activity. Wind
turbines are being sold to privaie
owners at the same rate as
previously, and the present 100 MW
utility agreement will be followed by
another 100 MW agreement to be
implemented before the end of 1993.

Germany

As part of investigations into wind
energy potential in Germany, a new
wind map has been prepared by the

German Meteorological Service, It
displays annual mean wind speeds at
10 m height, averaged over a ten-
year period of observations. The
highest mean speeds, between 6.0
and 6.9 m/s, occur along the North
Sea coast, but mean speeds up to
about 5.9 m/s also occur along the
northern coast of Eastern Germany.

The group of three 640 kW single-
blade MON 350 at Wilhelmshaven
continues operation and tests. A
MON 50 is to be installed at
Geesthacht near Hamburg to assist in
supplying electricicy for 2 pumped
storage plant. First rotation is
expected in late 1992,

By the end of October 1991 the

1.2 MW WKA-60 on Heligoland
had operated for 9300 hours (grid-
connected 4050 hours) since March
1990 and generated (900 MWh.
This mrbine operates in parallel with
the island’s 2x1.7 MW diesel units.
The sister unit at Cabo Villano.
Spain (known as AWEC 60)
required a period of service
following a blade crack in May
1991. The WKA-50 II at Kaiser-
Wilkeim-Koog had its first rotation
on September 1991.

The tower for the 3 MW Acolus Il at
Wilhelmshaven had been erected by
November 1991, and the turbine is to
be installed in Spring 1992. This is
the sister unit to the Swedish
Nitsudden IT machine, and is part of
the PreussenElekma wind energy
programme. Several other large and
medicm-sized turbines are being
developed by German companies for
inseallaxion in 1992.

The 250 MW programme. which
was originally aimed a1 100 MW,
has been a great success: by the end
of 1991, 2888 applications for
subsidy have been filed. representing
a normalized power of nearly

Windpark in Nord-Friesiand, Germany as example of 250 MW Wind
Programme.

600 MW since the beginning of the
programme in [989. Applications for
79 MW at 10 /s wind speed (P )
had been approved. of which 34 MW
(P ;) are in operation. Meanwhile. by
the end of March 1982. 93 MW (P )
had been approved with 48 MW
(P,,) in operation.

By the end of 1991. a total of more
than 700 wind turbines were es-
timated to be operating in Germany
with a ttal installed power of about
96 MW. Due to the success of the
250 MW programme. the total
installed (razed) power exceeded
Lo MW,

italy

The main wind energy activities in
[taly are camried out cooperatively
between two state-owned
organizations, ENEA (the Board for
New Technologies. Energy and the
Environment), ENEL (v National
Electricity Board), and the [talian
wind turbine manufacturers.

The main manufacturers are WEST
and Riva Calzoni, who have
developed three machine prototypes:
the MED(T (225 kW) and GAMMA
60 (1500 kW) by WEST, and the
Riva Calzoni M 30 (200 kW). Riva
Calzoni has also begun the design of
the M 55 (800 kW) based on the M
30 concept. WEST has started
production of the MEDIT 320
turbine, an industrial model based on
the 225 kKW prototype.

Since April 1991 at the Alta Nurma
seaboard site, comparative tests have
been carried out on a 300 kW MS-3
machine (Wind Energy Group, UK),
a Windane 34 mrbine (Vestas -
DWT, Denmark), and the MEDIT
and M 30 . At the end of
1991, a MEDAT 320 unit was also
installed. In addition, the GAMMA
60 1.5 MW prototype was instalied
at Alta Nurra in April 1992, After
some delays, construction contracts
have been assigned for a new
mountain-region test site at Acqua
Spruzza in the Apennines, following
approval of all building permits by
{ocal authorities. The construction

phase is expected (o be compieted in
the summer of 1993.

A first windfarm module of 1.5 MW,
which includes four MEDIT 320 and
three 30 kW AIT-03 ynits. has been
put inte operation by WEST in the
Campania region near Naples. A
study commissioned by ENEA to
Riva Calzoni of a possible 10 MW
plant in northemn lialy has led to the
pinpointing of ten possibie sites
where wind measurements are now
being made in cooperation with
ENEL. In ENEL's programme the
first 10 MW windfarm will be
located on Monte Arci, a mountain
ridge near the coast of Sardinia.
Constuction should start in the
second half of 1992. A second
windfarm is planned for the
Apennines. consisting of 32 MEDIT
and M 30 units.

Japan

The New Energy and Industrial
Technology Development
Organization (NEDQ) was
established in 980, supported by the
Japanese govemment. In its carly
years it promoted projects such as
development of a 100 kW-class pilot
plant.

In 1991 NEDO started the
conceptual design of a 500 kW-class
wind turbine. Detailed design is
scheduled to follow during 1992 -
1993, manufacture and installation in
1994 - 1995 and operation in [995.
The wind turbine is expected to be
pitch-controlled with a 33 m
diameter upwind three-bladed GRP
rotor. The machine will have an
induction generator and 2 38 m
monopole tower.

NEDQO is also studying utilization

technalogy for wind systems. aiming
at developing control technology and

oy
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obtaining operational data for wind
farms. Two 150 kW and six smaller
units will be built and operated on
Mivako. Okinawa, during i991
1995,

In another project of several vears
duration. NEDO is measuring and
assessing wind wind conditions in
order to find suitable sites for wind
systems. and to estimate the amount
of wind energy available in Japan.

NEDO's budget for the wind energy
programme is equivalent to
6.3 MUSD for 1992,

In the area of basic research, studies
have been carried out since 1978 at
the Mechanical Engineering
Laboratery (MEL}. Tsuruba, on

rotor aerodynamics. control systems,

noise and vibration. and airfoil
sections. Operationai tests are

performed on a small experimental

wind turbine.

The FLEXHAT flexteerer.

The Netherlands

Wind energy deveiopment in the
Netherlands has accelerated eapidly
since 1986 with the initiation of the
1986 - 1990 Integral Wind Energy
Programme (IPW), which took into
account the increasing concern for
the environment. During this period.
energy prices have risen less than
expected. and although the cost of
wind energy technology has been
reduced. government support
continues to be necessary for further
application. Therefore, NOVEM
(Management Office for Energy
Research and the Environment) has
been asked (o develop a support
program known as TWIN, which
coordinates government-sponsored
wind energy activities over the five-
year period 1991 - 1995, The total
costs of the programme, exclusive of
subsidies for investments and
feasibility studies. are estimated at

more than 42 MNLG (=23 MUSD).
A large part of this is directed to
industrial product and technology
development (15 MNLG each), with
lower amounts to implementation
and market development (7.5),
offshore applications (3.0 and
technology transfer (1.8).

Market stimulation is achieved by
subsidizing part of the commercial
projects. The subsidy amounted 1o
37 MNLG for [991 and 40 MNLG
for 1992. There is some delay in the
150 MW plan for the utilities:

9 MNLG of the 1991 budget was
not used. By the end of 1991 the
installed pawer was 80 MW, with
20 MW under construction and 40
MW in the planning stage. The 1992
budget of MNLG 40 is allocated to
S2MW: 22 MW utilities and

30 MW private windfarms and
single windturbines.

The Dutch industry now produces -
windwrbines up o S00KW, A
T50kW Windmaster prototype is
cumently in operation. The | MW
Nedwind prototye will be in
operation in 1993. The emphasis of
the industrial R&D is on further
development of existing turbines.

The FLEXHAT flexteeter research
rotor has been succesfully tested at
ECN's 25m HAWT. The use of
flexible components can reduce the
costs pet kWh by 30%. The
FLEXHAT programme is now being
reviewed and development of a
prototype should start by the end of
this year. '

Norway

The Norwegian wind energy
programme is managed by the
Norwegtan Water Resources and
Energy Administration (NVE). Its
1991 budget was 3.4 MNOK

(0.5 MUSD for the R&D
Programme and 8.4 MNCK

(1.3 MUSD for the [nroduction and
Demonstration Programme,

Norway has a large wind energy
potential along the coast. estimated
1o be about 12 TWh per annum in
the cost range 0.35 - 0.65 NOK/
kWh. Due to favournble regulation
facilities of the Norwegian hydro
power system, it can absorb a
considerable amount of wind energy
without serious problems. The near-
term goal of the introduction and
Demonstration Programme is to
develop wind power installed
capacity of about 4 MW by the end
of 1992

The first Norwegian wind farm.
consisting of three 400 kW units,
started operation in early October
1991 at Vikna. north of Trondheim.
The tnstalled cost was 12,9 MNOK,
50% of which was funded by the
government. Two more 300 kW
units were installed in 1991 in the
Vesterdlen [slands. west and north of
Narvik. Present installed capacity is
2.9 MW, For the time being, new
hydro projects can provide energy ot
an average cost about half of the
development cost of wind power
integrated into the distribution
system. indicating that the utilization
of wind energy in Norway still needs
subsidies to be economically
attractive to the utilities.

Spain

The year 1991 was a breakthrough
for the utilization of wind energy in
Spain. The construction of three
windfarms was initiated: the 3 MW
farm at Cabo Villano in the
northwest comner of the Iberian
peninsula. the 20 MW PESUR and -
the |0 MW E.E.E. windfarms in the
Tarifa area near the Straits of

Gibraltar. Two additional windfarms
were approved and are now in the
planning stage: the 10 MW Jandia
windfarm at Fuerteventura. Cansry
Isiands. and the 4 MW Tortosa
windfarm at the mouth of the river
Ebro. In summary, a total of 33 MW
of wind power capacity is under
construction and will be operational
during [1992.

The national renewable energy plan.
PER-89, for the pertod 1989 - 1995
foresees about 100 MW of wind
power by 1995. The total
investments are estimated at 13,600
MESP (w30 MUSD), of which
slightly less than half is expected o
come from public funds.

The largest wind turbine in Spain is
the AWEC-60 1.2 MW project,
which was conceived in 1985 by a
Spanish-German consortium. it is
the sister unit of the WKA-60
turbines at Heligoland and Kaiser-
Wilhelm-Koog in Germany. The
first rotation was tn October 1989,
At the end of February 1992 more
han 2400 grid-connected hours had
been completed for 2 total energy
output of more than 560 MWh. In
May 1991, a crack in the main spar
of one blade was discovered. After
repair the machine was put back into
operation in October 1991.

An ambitious alternative National
Wind Energy Programme has been
presented to the Parliament to
promote the development of wind
energy and, among other targets. to
instail 1000 MW of wind energy
systems by the year 2000,

Wind energy R&D activities are
continuing at public and private
centres, the CIEMAT-IER being the
main centre involved in various
fields of research. Several projects
are in progress, mainly in the areas
of assessment of wind potential,

blades and composite materials,
environmental studies, wake effects
and wind-diesel systems.

Sweden

A new demonstration programme for
wind energy was launched in
Sweden in July [991, A new
national agency, NUTEK,
combining the activities of three
former agencies including the
Nauonal Energy Administration. is
responsible for the programme,
which allows for a 25% investment
subsidy on certified instaliations of
minimum 60 kW. 250 MSEK (40
MUSD) have been altocated for a
five-year period ending 1996,
corresponding to an installed
capecity of about 100 MW. By April
1992, 6 MW had been approved by
NUTEK. including a 7x225 kW
wind farm near Varberg on the wesy
coast. At present the total installed
capacity in Sweden is over 11 MW
not including Magtarp and
Niisudden.

The 3 MW Maglarp turbine had
logged 23.373 hours on-line by 7
April 1992 and had generated 30,566
MWh. The contract with the
Sydkraft utilicy expired at the end of
[991. but the utility will continue
operation without government

support.

Wind energy research is mainly
carried our at universities and
national research institutes. The
Aeronautical Research Institute
(FFA) is performing studies in
aerodynamics. structural mechanics
and other aspects of machine design.
Basic wind research is carried out at
the University of Uppsala and
electrical machinery is studied at the
Chalmers University of Technolegy,
which also operates the wind turbine



test station on the island of Héno off
the west coast of Sweden.

The Wind Energy Development
Programme of Vatienfall {formerly
the State Power Board} has several
elemencs. The 3 MW Niisudden II
turbine is expected (o be delivered in
late summer 1992, with biades to be
delivered at the end of the summer,
A design and development study of a
third-generation 3 MW turbine is
scheduled to start in Summer 1993
together with Kvaemer [ndustries,
As a second development line, a
400 kW stall-controlled variable
speed wind wrbine, designed by
Nordic Wind Power. will be
installed at the end of 1992 near
Lysekii on the Swedish west coast.
For comparison. & standard three-
bladed 350 kW machine will be
erected at the same site during
Summer 1992, A design study of 3
second-generation advanced wind
turbine in the 300 - 1000 KW rated
power range is scheduled o start in
mid-1992.

The 220 kW wind turbine chat was
installed offshore 3t Nogersund in
1990 has produced about 400 MWh
during its first year of operation. The
Blekinge project for the study of a
large offshore windfarmn was com-
pleted in 1991, The cost of energy
was estimated at 0.76 SEK/kWh
(=013 USD/AWh). which is not
competitive with presentdy predicted
energy generation costs in Sweden.

United Kingdom

The significant stimulus towards
commercial exploitation of wind
energy in England and Wales has
been the introduction of the Non-
Fossil Fuel Obligation (NFFQ), by
which utilities are obliged to buy a
proportion of the electricity they
need from renewable energy sources,

such as wind power, Regional
electricity companies had enteted
into contracts witl some 49 projects
with & total rating of 192 MW, ata
price of 0.11 GBP/kWh. to be puid
until the end of 1998,

The Wind Energy R&D Programme
budget for [991/92 was 6.2 MGBP
as compared 1o 4.5 MGBP in the
previous year. Priorities include the
support and monitoring of wind
farms. work to identify the potential
for advanced design concepts. and
the validation of concepts through
fuil-scale testing.

A new company, National Wind
Power Lid (NWP), has been formed
jointly by National Power plc.
British Acrospace plc, and Taylor
Woodrow Holdings Lid to develop
commercial wind farms under the
NFFQ. There have been delays in
the approval of several proposed
windfarms owing to public concem
about such issues as noise and visual
impact, but progress is being made.
Construction of WindElectric's 4
MW windfarm at Delabole,
Comwall was completed late in
1991. Planning approval has been
given 1o NWP's windfarm 2t
Caemmes, Wales and contract nege-
tiations for the joint DEWNWP
windfarm of 21x300 kW units at
Cold Northeott, Comwall were near-
ing completion at the end of 1991.

The testing of several large wind
turtines continues in the UK. The
WEG 60 m 3 MW LS-1 machine on
Burgar Hill, Crkney was retumned to
service in December 1991, following
a decision to modify the main brake
by providing a parking beake only,
since safe braking is still obtained by
the two independent fail-safe pitch
control sysiems for the blade tips. By
the end of March 1992 its total
running time was 4758 hours with a
cumulative output of 6375 MWh,

The medium-sized 250 and 300 kW
turbines at Burgar Hill are both
operating. The Howden 750 kW
machine on Susetter Hill, Shetland,
is out of service while repairs are
being made o the blade tips. which
were damaged during a severe storm
in December 1991. The Howden 1
MW turbine at Richborough. Kent,
has performed well and is the subject
of 2 monitoring campaign funded by
DEn and the CEC. The 500 kW
vertical-axis VAWT at Camarthen
Bay, Wales was taken out of service
due to a blade failure in February
1991. It was found thac the failure
was caused by fatigue related to
design error, and that there was no
inherent fault with the manufacture
or operational loads.

United States

The U.S. Department of Energy
(DOE) wind energy programme is
expanding. The FY 1992 budget is
21.6 MUSD, nearly double that of
FY 1991. During 1990 the instailed
capacity increased by 105 and
electricity generation from wind by
20% 10 2.8 billion kWh annually.
Wind generating capacity inter-
connected with wilities at the end of
1991 totalled approximately {600
MW. Today's windfarms produce
power at costs of 0.07 w0 0.10 USDY
kWh (at 6 m/s annual wind speed at
10 m heighr), nearly onc-third of
those of ten years ago.

A recent study completed by Pacific
Northwest Labosatory found that
adequate wind resources for cost-
effective energy production are
found in most areas of the United
States. Nevertheless, wind energy
siill faces widespread bwsiers to
utility scceptance, inciuding
transmission issues, intermitiency,
utility reluctance vo adopt unfamiliar
technologies, and costy that are stili

not competitive in many situations.
The US federal wind technology
pro-gramme has set its goal o assist
utilities and industry in market
development and to develop
advanced wind wrbine technology o
be economically competitive in the
mid-term marketplace.

The largest expansion in the DOE =
budget is in the Advanced Wind
Turbine (AWT) Program which has
two components: the Near-Term
Product Developmenmt Project and
the Next-Generation Technology
Project. The first project began in
FY 1990 with the award of three
contracts to study advanced
technology, and turbines incorp-
orating these advances will be field
lested in 199293,

The second project will begin in
1992. and the next-generation
innovative machines are scheduled
to be built and tested three to four
vears later. They are expected to be
in the 150 1o 750 kW range, and the
goal is to achieve a cost of energy of
4 cents/kWh or less.

-

In the area of cooperative
programmes with utilities and
industry. a Utility Wind Interest
Group for information dissemination
has been formed by DOE and the
Electric Power Research Institute
(EPRI). Cost-shared technoiogy
are also being started.
for example to solve problems in
existing wind farms and to en-
courage regional diversificacion.

™

By the end of July 1991, the world's
Iargest wind turbine, the 3.2 MW
Mod-5B in Hawaii continbed to
operate with high average capacity
factor in the persistent winds at the
site. and hadl generated 25,344 MWh
during a total of 19,253 hours. .

TS
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1988 Totals Mogadishu Wind Power Plant
kWh produced: 706,387 Installed capacity: 4 X 58 kW
Date of installation : 27th August 1987

Runtime: 85.7%
Capacity factor: 3%
Overall eff.: 26%

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Wh 89.2 639 443 176 0.9 568 96.2 712 671 164 324 754 |
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Figure 8. Dabanchen Wind Farm,
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