European Commission
Directorate-General for Energy

WIND ENERGY - THE FACTS

Volume 3

INDUSTRY AND EMPLOYMENT






VUIUITIT O = 1HIUUdUL Y aniu CHIpIouy e o

EXECUTIVE SUMMARY

Introduction

The wind energy industry has grown in capacity and maturity very rgpidly over the last 15
years. It has created a new means of generating clean dectricity, new jobs and new
factories. This volume explores the industrial aspects of the development and sets out the
conditions required to ensure that the industry continuesto rediseits potentid in an effective
and economic fashion.

Jobs

Under current European market conditions the ingdlation of each 1 MW of wind power
cregtes jobs for between 15 and 19 people. In more labour intensive parts of the world this
figure may double. Further jobs will also be created, including jobs in operation, service and
maintenance. The timetable for this development is set out in the table below.

Year EWEA gods | Jobs created
MW Man years

1996 3500

2000 8,000 72,000

2010 40,000 512,000

2020 100,000 960,000

Anatomy of theindustry

As is common for a new area of activity the wind energy indudry started with a large
number of samdl players. The development of the technology and the market have gone hand
in hand. Over the last five years there has been a rationdisation and reduction of the number
of participants and a strengthening of the capita base which supports them. There has dso
been a move towards verticd integration of both manufacture and development of wind
farms. Wind energy is a growth area and is consdered as such by the financid sector. The
main players are becoming established with utilities and members of the conventiona power
indugtry are taking a keen interest in wind.

As markets distant from the home manufacturing bases are established technology transfer
has been successfully implemented to provide locd facilities. This gpproach is expected to
find widespread use in the future.

Offshore wind energy provides opportunities for the development of a whole new branch of
technology within the wind energy indudry which will involve companies from the
established offshore energy field. It will provide a mgor new market with negligible effect on
the environment.



VUIUITIT O = 1HIUUdUL Y aniu CHIpIouy e o

Conclusons

The wind indudtry is devedoping rapidly. It is moving from the pioneering stage in both
technologica and commercid terms. As the technology matures, the cost reduces and the
market expands. The indudtry is being recognised as an exciting and vibrant entity and mgjor
players who have hitherto been reticent about identifying themsdaves with renewable energy
are now keen to join. This move is to be welcomed and is a clear Sgn that, in commercid
terms, wind is just one of the aternatives dong with cod, oil and gas - part of the energy
industry. Given appropriate market conditions wind energy will provide hundreds of
thousands of new jobs in an exciting clean indudtry.
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1 EUROPEAN WIND INDUSTRY IN A GLOBAL CONTEXT
1.1 Brief historical review

A more detaled introduction to the history of the market development is provided in
Volume 5. A brief summary is reproduced here.

The firg large market to appear was in Cdifornia, USA. The growth of this market
dimulated the development of wind technology in many other countries. Newly established
manufacturers of wind turbines from Denmark, the UK, Germany, Jgpan and the
Netherlands shared the market in Cdifornia with severd US companies. About 14-15,000
wind turbines were ingtdled within very few years. Nearly 60 per cent of the wind turbines
came from European manufacturers (mainly Denmark) and during this period of time the Sze
of the average wind turbine increased from 55 kW to 100 kW. Many different designs
were ingtaled and tested during these years and the industry gained a lot of experience. The
market in Cdifornia demanded a maximum return from available Stes and led to larger scde
projects which we now know as"wind fams'.

In the years from 1986-1990 the market in Cdifornia declined causng mgor financia
difficulties in the wind industry. The market had grown very fast and many companies had
been too reliant on it. Many companies went bankrupt and disgppeared, while others were
recongtructed with new capitd The numbers of manufacturers had been reduced and so
had the many design concepts. The smple Danish, 3-bladed, stall regulated design survived
and was up-scaled to provide more cost effective 250 kW units.  Pitch regulated wind
turbines became more prevdent. These technologica developments suddenly made it
economicaly feasble to ingal wind power in many new markets and this was the beginning
of the second era of globa wind power development.

The Cdifornian developments were followed by more sustained market simulation in
Europe which has continued to the present. The European Union (EU) share of the market
has been rdaivdy high throughout the whole period of time. Table 1.1 shows that the
average European market share over the past 6 years has been more than 70 per cent of the
globa market. A smilar figure is expected for 1997.

Year : MW Worldwide Increase%  European MW Increase % Europe share %

1991 240 193 80 %
1992 338 +41 % 218 +13 % 64 %
1993 480 +42 % 370 +70% 77 %
1994 730 +52 % 475 + 28 % 65 %
1995 1290 +77 % 836 +76 % 65 %
1996 1292 +0.1 % 9%67 +16 % 75 %
1997* 1575 +18 % 1265 + 24 % 80 %

1997 figures still estimate as per November 1997.

Table1.1: Ingtalled capacity per year world-wide 1990-96 and the Eur opean per centage
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1.2 Market createsindustry

There are severd mgor milestones in the development of the modern wind industry.

Cdiforniawas the training ground for the European wind industry. Some fifty per cent of the
generdting capacity in Cdifornia came from European made wind turbines, in particular,

Danish 3-bladed stdl regulated concept machines. In Cdifornia it was proven tha tax
incentives and lucrative utility contracts, together with high wind regimes could cregte a
market boom. For the European wind turbine industry arecord high rate of exchange of the

US currency made it a genuindy economic wind rush. A more modest, but Hill lucrative,

market in Denmark provided encouragement to new manufacturers in the period 1980

1986. Both markets collapsed in the mid 1980s. In Cdifornia, the tax incentives
disappeared and in addition a weak dollar made the market somewhat bleak. In Denmark

an overnight political decison introduced a new requirement that investors mugt live in the

municipality where the wind turbines were located and have a prescribed level of dectricity
consumption.  This political step sent warning signds to bankers financing wind turbine

projects. The manufacturers experienced a shrinking credit facility and the market expansion
in Denmark came to a dramatic halt.

Markets were re-established in the beginning of the 1990s. The STREG "Stromeinspeise-
geetz' in Gemany marked a new era for the wind industry and the manufacturers
concentrated on upscaing the wind turbine designs successfully. The NFFO programmesin
the UK government set gods in Spain and activity in other European countries gave further
dimulaion to the indudtry.

2 CHARACTERISTICSOF THE EUROPEAN INDUSTRY IN GENERAL

In the beginning of the 1980s the average wind turbine size was only about 55 kW and this
has increased by more than ten times in just adecade. Cdifornia and Denmark both have a
large number of smdl wind turbines snce they were among the firsa markets to be
developed. Thus, dthough Denmark and Germany had amost the same number of units
ingtaled by the end of 1995, the ingtdled capacity amounted to 1,132 MW in Germany as
opposed to 630 MW in Denmark. Table 2.1 illustrates the growth in wind turbine unit rating
and the trend towards reduced generating cost since 1980.

Y ear Capacity (kW) Rotor (m) kWhlyear [1] Costs
ECU/KWh

1980-1983 55 15 110,000 0.090
1984-1985 75 17 140,000 0.076
1986-1988 120 21 260,000 0.067
1989-1992 250 27 470,000 0.049
1993-1994 400-500 37-40 1,200,000 0.045
1995-1996 500-750 40-48 1,500,000 0.040
1997- 600-1500 43-66 na na

Table 2.1: Upscaling of commer cial machines
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The reduction in costs over the yearsis based on a combination of severd factors. The two
most sgnificant factors are tha the total efficiency has increased (rotor power coefficient
(Cp max) has increased from 0.35 to 0.38) while the installed mass per swept nf has been
reduced. The Sze increase of wind turbines has dso had a positive effect by reducing the
costs associated with operation and maintenance (O&M). Today O&M costs are
approximately 0.009 ECU/kWh compared to 0.036 ECU/KWh in the mid 1980s.
Availability has dso been improved sgnificantly from a vaue of about 60% for the best
machines in the 1980s to about 98-99% for atypicd commercid wind farm in 1997.

Government R& D programmes for wind power were initiated in the mid 1970s and the test
dation & Risg in Denmark was founded to establish the standards for wind turbines
connected to the public grid. Research stations appeared at ECN Petten in the Netherlands
and a Kaser Wilhdm Koog in Germany. Several other countries launched R & D
programmes to investigate wind technology in depth. Market stimulation programmes were
introduced in severd EU countries. In Denmark the market was stimulated by a subsdy in
which 30 per cent of the capita cogts of the certified wind turbine was refunded. This was
gradually phased out as wind turbines became more and more effective and the programme
came to a stop in 1989. In Germany, the introduction of the large scde 250 MW R & D
programme and the law (Stromeinspei segesetz) that 90 per cent of the average utility price
should be paid for renewable energy generation, made a tremendous step forward in the
market. In the UK the NFFO programmes encouraged large wind farm projects. In Spain
the P.E.N. - 91 plan amed for 1,200 MW of connected wind energy supply for the period
1991 - 2000. Direct investment incentives and incentives in the form of support per kWh of
eectricity produced are among the support mechanisms employed.

Also severd other EU countries have set gods in thelr energy planning where wind energy
will play a part in new ingaled capacity. Oversess, India and the Peopl€'s Republic of
China are stting gods for the exploitation of wind energy.

2.1 Manufacturers

By the early mid 1980s severd large companies such as Westinghouse, Boeing, Grumman,
MAN and MBB had attempted to enter the wind turbine industry. The aerospace
background of these companies impeded them in developing the most gppropriate civil
technology. More or less dl of these indudtries left the wind turbine business a the time
when it was mogt turbulent and unsure. This left the market place to smdl and medium sized
companies looking for new niche markets reated to ther established skills. Their origins
were the agriculturad machinery business, shipyards, dectronics industry, mechanica
engineering industries. Company development has been subgtantial since the mid 1980s and
the ten largest European wind turbine manufacturers now have very sgnificant sdes revenue,
In Denmark, for example, the two largest companies, Vestas Wind Systems A/S and NEG
Micon, are among the largest 300 companies in terms of sdes and these companies done
directly employ some 1,700 people.
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Some 8 years ago the only wind turbine manufacturer offering serious competition to the
Danish wind industry was US Windpower (later Kenetech). This Stuation has now changed
subgtantialy, and today there are a number of other European manufacturers supplying grid
connected wind turbines in the size range of 100-1500 MW. The US indudry is
represented by Zond Energy Corp. The start up of these manufacturers has been much
assigted by nationa programmes which support the development of wind power utilisation.
The nature of the support varies throughout the EU states.

Accu. Installed Share Accu. Share

MW MW 1996 MW accu.

1995 1996 % 1996 %
1.VESTAS, DK 996 308 23.8% 1304 20.6%
2.KENETECH, US* 686 20 1.5% 706 11.1%
3.MICON, DK ** 397 134 10.4% 531 8.4%
4.ENERCON, D 355 153 11.8% 508 8.0%
5.BONUS, DK 347 117 9.1% 464 7.3%
6.NORDTANK, DK ** 344 110 8.5% 454 7.2%
7TACKE,D* 201 83 6.4% 284 4.5%
8.NEPC, India 226 36 2.8% 262 4.1%
9.MITSUBISHI, Japan 200 4 0.3% 204 3.2%
10.WIND WORLD, DK 154 29 2.2% 183 2.9%
11.NEDWIND, NL 118 32 2.5% 150 2.4%
12.WIND MASTER, NL 121 19 1.5% 140 2.2%
13.NORDEX Balcke-Durr, DK 97 38 2.9% 135 2.1%
Other manufacturers 937 72 5.6% 1009 16.0%
Total 5179 1155 89% 6334 100%

* Kenetech isin amode of declared bankruptcy. Tacke GmbH has been bought by Enron.
** Nordtank Energy Group A/S and Micon A/S merged into the new company NEG Micon A/S on July 4 1997. The combined
turnover of these companies will place NEG Micon in 2™ place.

Table 2.2: Thelargest manufacturers market share
(Ranking based on cumulative capacity)

Among some of the newcomers to this list snce 1990 are Enercon, Tacke and NEPC. Al
of these companies have had ided conditions in their domestic market, but they have little
experience outsde of ther own country. The Danish manufacturers Stuation is quite the
opposite, their main market has been in export.

Among the EU dates the Danish participation is the most significant in the world market
development. Nearly 50 per cent has been delivered by Danish manufacturers and the
equivaent figure in the European market context is 65.6%. In the world market only
Kenetech, USA (now in receivership), Mitsubishi Heavy Industries, Jgpan and NEPC of
India have played a significant role in the development of globa wind power.
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2.2 Sizeand type of companies

In this section a brief summary of the mgor wind turbine manufacturers is provided. An
exchange rate of 7.4DKK =2DM =1 ECU has been used.

Bonus Energy, a Danish manufacturer, has developed and sold wind turbines for more
than 15 years. Bonus has sold more than 2000 units. The Bonus wind turbine range extends
from 150 kW to 1 MW and their design is based on a 3-bladed, constant speed, stall
concept. The new 1 MW machine is a little different from previous modds as it employs
active gal.

Number of employees 230 people
Annud turnover latest financid year 98 million ECU
World-wideingaled MW during 1996 117 MW

Micon A/S, a Danish manufacturer, has developed and sold wind turbines since 1983.
Micon has sold more than 2000 wind turbines and manufactures in Denmark, India and the
USA. Micon has a license agreement in India with NEPC. Micon’s wind turbine range
extends from 225 kW to 1 MW and their design is based on a 3-bladed, constant speed,
gall concept. Micon A/S merged with Nordtank Energy Group A/S on July 4, 1997.

Number of employees 249 people
Annud turnover latest financid year 102 million ECU
World-wide ingtdled MW during 1996 162 MW

Nordtank Energy Group A/S, a Danish manufacturer, has produced and sold wind
turbines since the early 1980s. More than 2000 Nordtank wind turbines are producing
dectricity in 15 different countries today. Nordtank”s wind turbine range extends from 550
kW to 1.5 MW and their design is based on a 3-bladed, constant speed concept.
Nordtank was floated on the Danish stock exchange in 1995 - the first European wind
turbine manufacturer to take such a step. Nordtank Energy Group A/S merged with the
Danish Company Micon A/S on July 4, 1997 forming the new company NEG Micon A/S.

Number of employees 225 people
Annud turnover latest financid year 97 million ECU
World-wide ingtdled MW during 1996 110 MW

NEG Micon A/S, a Danish manufecturer formed in late 1997 as a result of a merger
between Nordtank Energy Group A/S and Micon A/S. The company is the second largest
wind turbine manufacturer in the world. NEG Micon A/S offers WTG's in the range 150
KW to 1500 kW.
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Nor dex, a Danish manufacturer, has developed and sold wind turbines since 1987. Nordex
was the firgt to commercidise ther 1 MW modd especidly in Germany. Nordex' wind
turbine range extends from 225 kW to 1.2 MW and their design is based on a 3-bladed,
integrated gearbox, constant speed, stall concept. Nordex was bought in 1996 by the
German company Backe-Durr GmbH which is part of the large Deutsche Babcock Group.

Number of employees 130 people
Annud turnover latest financid year 21 million ECU
World-wide ingtdled MW during 1996 31 MW

Vestas Wind System A/S, a Danish manufacturer, is the largest in the world. Since the
early 1980s Vedas have ingaled some 1,200 MW (5500 units) in more than 20 different
countries. Vestas manufactures a large proportion of their machines themsdves which
includes blade production (>12,000 blades have been produced). Vestas wind turbine
range extends from 225 kW to 1.65 MW and dl of these are pitch regulated. Vestas usesa
partial variable speed system on their 600 kW and 1.65 MW modd.

Number of employees 1200 people
Annud turnover latest financid year 257 million ECU
World-wideingaled MW during 1996 308 MW

Wind World A/S, a Danish manufacturer, has developed and sold wind turbines since
1987. Wind World has produced more than 900 wind turbines. Wind World' swind turbine
range extends from 170 kW to 750 kW and their design is based on a 3-bladed, integrated
gearbox, constant speed, stall concept. Wind World introduced a semi variable speed
sysemin 1996. This system is available on the most recent models.

Number of employees 98 people
Annua turnover latest financid year (estimates) 45 million ECU
World-wideingaled MW during 1996 40 MW

Enercon GmbH isthe largest German wind turbine manufacturer. Enercon was established
in 1984 and has worked with energy converters and wind turbine development since then.
Enercon introduced a new design concept to the market in 1992/93 which was a multipoled
gearless wind turbine. By the end of 1996 some 300 MW of the E-40/500 kW had been
ingaled. They have especidly been strong in Germany where they have had a market share
of more than 30% between 1994-1996. During 1996 Enercon made a new dliance with the
German utility PreussenElektra which is only for export purposes. Enercon has established
their own facilities for blade manufacturing.

Number of employees 900 people
Annud turnover latest financid year (estimate by BTM Consullt) 144 million ECU
World-wideingaled MW during 1996 153 MW
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Tacke Windtechnik GmbH is the second largest German wind turbine manufacturer.
Tacke started to develop wind turbines in 1984 and grew from a long established gearbox
manufacturer. A separate wind turbine company (Tacke Windtechnik) was established in
1990. Tacke manufacture wind turbines in the range 80 kW to 600 kW and inddled a
prototype of their newest 1.5 MW model in April of 1996. Tacke's design is abased on a
3-bladed, integrated gearbox, constant speed, stal concept, athough their latest 1.5 MW
modd is pitch regulated and operates at variable speed. Tacke like Enercon has only alittle
experience outsde Germany. Tacke Windtechnik went into receivership in July 1997.
Tacke Windtechnik was taken over by Enron Wind Corp in October 1997.

Number of employees 160 people
Annua turnover latest financid year (estimates) 67 million ECU
World-wideingaled MW during 1996 83 MW

NedWind Rhenen BV is the largest Dutch wind turbine manufacturer. NedWind was
established in 1990 as a merger between 3 different smaler companies who had dl been
involved in the wind industry since the early 1980s. NedWind is mainly active in the
Netherlands but have dso ingaled wind turbines in the USA and India NedWind's wind
turbine range includes both 2 and 3-bladed WTG's. They are mainly known by ther 2-
bladed N40/500kW and N54/IMW.

Number of employees 130 people
Annud turnover latest financid year (estimate by BTM Consullt) 30 million ECU
World-wideingaled MW during 1996 32 MW

WindMaster Nederland, formerly part of the Belgian HMZ WindMaster company, avery
ealy user of pitch sysem regulaion of the blades, is the second largest wind turbine
manufacturer in the Netherlands. WindMaster has been involved in the indudry as a
manufacturer snce 1978 and has ingtaled wind turbines in Belgium, the Netherlands, India,
UK and the USA. WindMagter’s wind turbine range aso includes both 2 and 3-bladed
WTGs. They are mainly active with their 2-bladed 750 kW models today but a 3-bladed
300 kW mode is dso avallable from WindMagter. It seems likely that WindMaster will
supply WTGsfor one of the early offshore developments in the UK.

Number of employees 75 people
Annud turnover latest financid year (estimate by BTM Consullt) 17 million ECU
World-wideingaled MW during 1996 19 MW

Emerging manufacturers
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The following list represents companies who are smdler in terms of production than those
listed above, but who nevertheess have significant production.

Desarrollos Edlicos is a Spanish wind turbine manufacturer and 100% owned by
Abengoa, a Spanish company engaging in wide ranging activities within the fidd of power
electrics and eectronics.  Abengoa firg initiated a joint venture with the then US
Windpower (now Kenetech). Thisjoint venture was ended in 1992. Abengoa then moved
on to start a new company caled Desarrollos Edlicos.  Since then, they have been working
on an upgraded 300 kW model based on their AWP 100 turbine and are developing a 600
kW modd. Some 60 units of their new 300 kW WTG were inddled during 1996.
Desarrollos Edlicos has a drong financid partner in Abengoa. Abengoa dso owns a
company which provides blades for Desarrollos Eolicos WTGs.

Number of employees 102 people
Annud turnover latest financid year 20,4 million ECU
World-wide ingtdled MW during 1996 19,8 MW

Ecotécnia is a Spanish wind turbine manufacturer. They have a 225 kW wind turbine on
the market and ingtaled 2 units of their new 600 kW during 1996. This modd is expected to
be used in severa larger projects during 1997. Ecotécnia started working with renewable
energy in the late 1970s, primarily solar energy a the beginning. Ecotécnia has like other
Spanish companies mainly sold their wind turbines in Spain, with 10 unitsingdled in Indiain
1995.

Number of employees. 53 people
Annua turnover latest financid year (estimates) 12 million ECU
World-wideingaled MW during 1996 18,3 MW

Gamesa Edlica is a Spanish joint venture established and owned by Gamesa Group
(51%), Vestas (40%), and Sodena (9%). Sodena is a branch of the locd government.
Gamesa Group is alarge company with activities in most parts of the world. The company is
owned by the eectricity company Iberdrola (40%), a bank, BBV, (49%), and the founder
owns the last 20%. The Gamesa Group has a wide product range including parts for the
aviation industry, gear boxes, eectronics, composite components etc. The Gamesa Edlica
joint venture began at the end of 1993 and is today the largest wind turbine manufacturer in

Span.

Number of employees 250 people
Annud turnover latest financid year (estimate by BTM Consullt) 120 million ECU
World-wide ingtalled MW during 1996* 130 MW

* thisfigureisincluded in Vestas MW
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M ADE is 100% owned by the Spanish dectricity utility ENDESA. MADE's largest model
on the market is a 330 KW wind turbine, but they are working on a 5600 kW modd of
which the firs models wereindaled in 1996. Production is expected during 1997.

Number of employees (estimated) 80 people
Annud turnover latest financid year (estimates) 17 million ECU
World-wideingaled MW during 1996 18,5 MW

It is clear from the descriptions above that only relatively few of the European manufacturers
of wind turbines have decided to manufacture their own blades. The rest of the remainder
purchase them from specidist manufacturers. A list of the mgor suppliersfollows:

LM Glasfiber A/S, a Danish company, was edtablished in 1940 and is today the largest
manufacturer of glassfibre reinforced polyester in Scandinavia. The company has more than
40 years experience with fibre reinforced plagtics including some 15 years with advanced
carbon fibre congtruction. Today LM Glasfiber A/S ddivers rotor blades for wind turbines
to the mgor part of the wind turbine manufacturers. LM Glasfiber A/S has subsdiaries
and/or officesin 6 different countries throughout the world. The company has a turnover of
goproximately ECU 81 million.

Aerpac bV was established in 1989 as a spin off from Dutch Stork. The company employs
some 150 people. Aerpac bV delivers blades for wind turbines in the Sze range of 200-
1500 kW. The company is adso active in Spain, the UK and the United States. The
company has a turnover of approximately ECU 20 million.

Atout Vent SA. This French company was launched in 1988. The company's first blades
were for the Darrieus verticd axis wind turbines. Since 1990 the company has built blades
for horizonta axis machinesin the range from 4 m diameter to 65m diameter. The company
employs some 70 people and the turnover is said to be around ECU 5 million.

Rotorline bV This Dutch Company grew from the parent company Nedwind bV and is
now manufacturing blades for saverd other manufacturers of wind turbines. Presently the
company delivers blades for machines with diameters between 30 and 55m. Lately the
company has ddivered blades for the 1 MW NedwWind wind turbine. Presently the
company employs some 60 people and is expected to have a turnover of approximately
ECU 5 million.

Abeking & Rasmussen Faserverbundtechnik GmbH This company was established in
1990 as a daughter company of the old shipbuilding company Lemwerder near Bremen.
The company employs 130 people and had a turnover of approximatey ECU 15 million in
the year 1996.
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Table 2.3 shows the export share for the largest wind turbine manufacturers during 1996.
This year did not show any condderable changes in the export trends among the leading
companies. The Danish companies are gill exporting a very large proportion of ther
machines athough there was a dight decline in 1996 [2] due to an extremdy good year in
the domegtic market. The German companies are gill only exporting a smadl part of ther

total sales.
Total sales1996 Domestic/MW Export MW Export share %
MW

VESTAS 308 80 228 74.0%
ENERCON 153 135 18 11.8%
MICON* 134 74 60 44.8%
BONUS 117 23 A 80.3%
NORDTANK* 110 24 86 78.2%
TACKE 83 74 9 10.8%
NORDEX 33 2 36 94.7%
NEPC 36 36 0 0%

NEDWIND 32 7 25 78.1%
WIND WORLD 29 11 18 62.1%
KENETECH 20 0 20 100%
WIND MASTER 19 14 5 26.3%
MITSUBISHI 4 0 4 100%
Total 1083 480 603 55.7%

BTM Consult ApS - November 1997

* Nordtank Energy Group A/S and Micon A/S merged into the new company NEG Micon A/S on July 4 1997.

Table 2.3: Salesto domestic market and export sharein 1996

Table 2.3.1 below shows the total sales for the same companies for the past 3 years and the

average export share in this period of time.

Total sales Total sales  Total sales Sum Average

1994 1995 1996 3years Export

MW MW MW MW share
VESTAS 149 273 308 730 79.9%
ENERCON 102 163 153 418 9.3%
MICON* 63 117 134 314 60.8%
BONUS 55 88 117 260 80.4%
NORDTANK™* 61 66 110 237 85.7%
TACKE 79 110 83 272 8.5%
NORDEX 22 55 33 115 98.3%
NEPC 62 164 36 262 0%
NEDWIND 23 39 32 A 60.1%
WIND WORLD 24 83 29 136 87.9%
KENETECH 104 150 20 274 52.6%
WIND MASTER 1 23 19 43 49.5%
MITSUBISHI 0.5 2 4 6 66.7%
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| Total 746 1333 1083 3161 54.0%

* Nordtank Energy Group A/S and Micon A/S merged into the new company NEG Micon A/S on July 4 1997.
Totally this company’s turnover will place NEG Micon in 2™ position.

Table 2.3.1: Average export sharefor the past 3 years

2.4 Alliancesin the market

The companies in the indusry are becoming more internationa. Many of the European
companies have established subsidiaries or joint ventures on their export markets. In India
more than 20 companies have found local partners. Among these companies are:

Bonus REPL Enginesring Ltd
Micon NEPC

Nordex Bharat Heavy Electricas
Nordtank Textool Company Ltd
Vestas RBB

Wind World Arul Mariammean Textiles Ltd
NedwWind Windia Power Ltd

Made Baron Industries Ltd
Lagerwey DAS Lagerwey

Severa other European manufacturers aso took immediate action when the Indian
government set the godsin the wind energy exploitation. Some formed their own subsidiary.
Enercon established their own subsidiary, Enercon (India) Ltd. LM Glasfiber A/S, the
Danish blade supplier, linked up with NEPC.

In 1996 Enercon made a new dliance with the German utility PreussenElektra. This dliance
isonly for export purposes and has not yet been utilised in any projects.

Vedtas established ajoint venture in Spain in 1994 with Gamesa Edlica SA. and with the
Itdlian conglomerate Ansaldo Spain 1997.

Kenetech of the US established a partnership in the UK (1995) with one of the big utilitiesin
Northern Waes, MANWEB. This dliance has been dissolved as a result of the bankruptcy
of Kenetech.

In 1996 the German company Balcke-Dirr GmbH bought 51% of the stocks in Nordex.
Backe-Durr is part of the large Deutsche Babcock Group which congsts of 200 different
companies and some 36,000 employees. Backe-Durr is mainly active in development of
technology for power plants and they had a turnover of about 1 billion ECU in 1995.
Enron’sarivd in the wind energy businessis thus highly sgnificant.

Zond Systems Inc., (the mgjor US developer) was bought by Enron Corporation in January
1997. Zond will hereby become a subsdiary of Enron Renewable Energy Corp. Enron is
involved in the conventiond energy business dl over the world and dso has an interest in
solar energy (PV) in the Amoco/Enron Solar partnership. Enron operates the largest natural
gas trangmisson system in America (second in the world) and is aso the largest purchaser
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and marketer of naturd gas and non-regulated dectricity producer in North America
Enron’stotal assets are gpproximately USD 15 hillion [3].

Asthe American market returns, it is expected that new aliances will be made between US
developers and European manufecturers. One dliance has formed outsde the USA,
between Bonus and SealWe, directed specifically at the market in Spain (Gdicia).

The annud turnover of the wind indudtry, in the range of USD 1.5 hillion, will undoubtedly
atract more internationa companiesto theindustry. They may come from the utility industry
as wdl as from the financid sector. Alliances between manufacturers and utilities may be a
sgnificant future trend.

An interesting development of the past two years is the entry of European Banks into two
Danish companies as mgority shareholders.

UBS (Union Bank of Switzerland) became a 75% shareholder of Nordtank Energy
Group in December of 1993. Nordtank was floated on the Danish Stock Exchange in
thefal of 1995 after which UBS share was reduced to 14.6%.

Mees Pierson, previoudy part of ABN Amro Bank of the Netherlands, bought 70% of
the shares in Vestas which since then has increased to some 80% of the total (Dec.
1996).

Mergers

Two major competitors Nordtank Energy Group A/S and Micon A/S have merged to form
the new NEG Micon A/S. For higtoricd reasons and in order to provide background
information both Nordtank Energy Group A/S and Micon A/S have been listed above as
two independent companies.

2.5 Marketing abroad and short term excess capacity

There has been fierce compstition in the wind industry over the years. A comparison of
world market estimates in Volume 5 (Market Development) with the present manufacturing
capacity of the 10 leading manufacturers shows that there may be, in the short term, an
excess of manufacturing capacity. Production capacity among present wind turbine
manufacturers is approximately 35-40 per cent higher than the present demand. It is
estimated that there is a present capacity among manufacturers to cope with a world wide
demand of about 2,300 MW without new manufacturing facilities. However, the EWEA’S
target for the period beyond 2000 envisages a 3,200 MW production rate. Manufacturing
capacity istherefore not a congtraint on the wide scale exploitation of wind energy.

Itislikdy that the market place will remain very competitive. The manufacturers capecity
Is reflected in their marketing and sdes efforts and findly in the price structures and their
willingness to accept lean orders. The Indian market in 1993-1994 clearly illustrated the
highly competitive nature of the business. It is estimated that the five largest wind companies
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in the world could have supplied dmogt dl the wind turbines ingaled during 1995 and
1996.

According to Volume 5: Market Development, the annua globa market for wind power will
not exceed 2,300 MW until beyond the year 2000.

2.6 Theroleof the European utilities

After early involvement, the mgor utilities later withdrew from the wind energy market
place. The present players have, however, now developed the industry to alevel whereit is
again of interest to the power supply companies.

A mgor force in the development of wind energy has been the close cooperation between a
large group of committed private people as investors, a group of committed manufacturers,
and, in some countries, politicians with the politicd will and vison to cregte favourable
market conditions. To date the role of the utilities has been, at best, passive and, in some
cases, actively negative. It is fair to say that the development of the wind energy industry
has happened independently of the utilities. This position might change as wind turbines grow
to MW scale.

The industry has developed its technology to a point where it is ripe for exploitation by the
power companies. The power industry see their customers now dealing with the present
wind sector in a context where the share of the globa market for energy production is being
transferred from fossi| fuelsto renewables. The most interesting of the emerging renewables,
moreover, iswind energy.

It is very difficult to envisage the Structure of the eectricity industry in 10, or even 5 years,
but trends have emerged that suggest the way of the future. Electricity markets are
becoming more globa. Utilities are looking for development in the internationd market to
expand their activities. Utilities will seek to merge and the number will reduce. The
traditional boundaries between utilities such as eectric, naturd gas and oil are blurring. In
order to compete in the impending deregulated energy market many tilities are becoming
more diverse energy providers offering eectricity and gas and even telephone and other
communication services. To the benefit of the wind industry, they will aso be providers of
green eectricity, mainly produced by wind energy, which is presently established as the
leading renewable. The pace of these developments will be dictated by the timing and
means of implementation of retall market competition. Such competition will occur but alot
of monopoalistic road blocks have yet to be removed. It is 4ill not known how
comprehensve EU legidation will be.

In order to andyse the likely changes in the dectric utility indudtry, it is necessary to
differentiate various elements of the business. The production, the transmission and to a
certain extend the distribution will sill remain as monopoly businesses. This sector will be
controlled by government appointed regulators. Only experience will prove how the
legidative world will come to function in the new regime of liberdised energy.
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There is afuture for renewable energy technologies especidly because of the environmenta
benefits. There is interest in renewable energy in many European countries and in the USA.
These benefits have not yet been given amarket value, and wind energy has failed to have a
widespread gppeal among the European utilities because of perceived costs and limitations.
There is dill arisk that, in a world in trangtion into a deregulated and competitive utility
industry, the utilities interest in renewable energy can diminish. Neverthdess, politicd and
public demands for clean energy can force the utilities to think in new directions. Lagt, but
not least, the continualy faling prices per kWh generated by wind power together with
growing public interest and politicd support has given the eectricity companies some
surprises in their monopoly world.

There are a number of good reasons for an involvement/commitment from the utilities to
enter into the world of wind power generation of eectricity:

It isrenewable.

Itispollution free.

It is chegp - as a supplementary energy source.

It has grown in Sze with commercidly available wind turbine units large enough to be
attractive to the dectric utilities.

It can beingdled offshore in large wind parks with fewer planning restrictions

The main players have become increasingly familiar in utility terms.

The utilities can buy cod fired plants, nuclear plants, hydro plants and now aso wind
plants from the same company. The portfolio has been extended with the addition of the
wind farm package.

In addition to the continuoudy improving technology, continuoudy decreasing prices, there
has been a sgnificant shift in the structure of the industry which has made the indudtry, as
wel| asthe machine, more “ utility friendly”.

2.7 Theinternal and deregulated market

Wind energy in aliberalised European eectricity market

In December 1996, the Council of Ministers of the European Union decided to launch a
Directive on Liberdisation of the dectricity market in Europe. The purpose behind this
action is to include trading of eectricity into the free market, as dready done for dmogt al

other goods and services. The reason for the late opening of the eectricity market has been
in the complexity of the utility indudry, which in most countries has been a nationd

monopoly or in other ways a protected sector without competition. The directive has been
under negotiation for eight years, indicating how paliticaly sendgtive a subject it id The
directive will bein force by January 1t 1999 and before that dl member states must include
legidation and regulation on a nationd levd to fulfil their contribution to the opening of the
market.
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The main contents of the new directive, which is a limited opening of the market over a
period of 5 years, are listed below:

Each country shal open its market to the extent of about 22 % from January 1999 and,
the preparation will be increased to 32 % by January 2003.

The liberdisation is created by the so-caled TPA (Third Party Access), to be effected
after two modes. Negotiated Access’/Regulated Access or by the Single Buyer Modd
(National System Operator take care of dl trade on behalf of national consumers).
Consumers who take more than 100 GWh (one hundred million kwWh) per year, will
aways be dlowed to buy their eectricity where they want within the Union.

Utilities will be reorganised in a way which separates production, transmisson and
digtribution and the individual cost eements will be made transparent to the consumers.
Monopoly status will only be available for System Operators and they will be under a
strong control by the government to secure equa and non-restrictive access to the grid
for al "free consumers' and dectricity generators (providers).

The member states are dlowed to include extra costs for environmenta requirements,
and for other national strategic requirements related to their energy sector, e.g. security of
supply. This dlowance, which is not governed by the free market competition, is caled
PSO (Public Service Obligations). PSO cogts will be distributed equaly to dl consumers
within the country, and aso among those buying chesp dectricity from aforeign supplier.

The main intentions behind the Directive are

To increase the efficiency of dectricity production and distribution.

To make the cost of eectricity production and distribution transparent to the customers.
To simulate cross-border trade and dliances within the utility industry.

To save "surplus capacity” costs by more efficient use of existing power capacity.

To mantan "security of supply” and secure low dectricity prices for European
consumers taking into account environmental issues related to dectricity production.

The new Directive is being discussed in the dectricity sector al over Europe. Many utilities
have aready taken dtrategic decisions about how to prepare themselves for the competition
and to secure ther future busness. Alliances between producers in many countries and
agreements on back-up capacity, etc. are under negotiation.

The big quedtions for the wind industry and other renewable technologies are : “Will
renewable technologies be able to survive in that market? How will the prices move? Will
priority be given to renewable generators?’

The answers are not smple. Experience from a few markets, which have established some
kind of liberdisation is sparse. The UK, Norway, Sveden and Finland have darted
deregulation and/or privatisation of ther utility sector.
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No smple conclusion is evident as to whether deregulation favours or disadvantages the
development of wind energy. The UK isa specia casein this context - they have developed
wind energy projects in the period when deregulation has taken place. This expanson in the
UK is aresult of the way in which the details of privatisation were organised and not as a
result of privatisation per se.

Severd studies have been carried out assessing the impact of the future liberdised eectricity
market on new renewable technologies. Some studies conclude that there will be hard times
for renewable energy due to the fact that established utilities will be able to offer eectricity at
"ghort-term” margina prices. Others rely on the use of the PSO tooal, to provide security for
a continued development and on nationd priority to support demand for renewable
electricity.

The crucid point is Will PSO codts - defined by nationa authorities and government - be
accepted by the Commisson and the EU Court if they contravene "free competition”
requirement? There will be broad areas in which it can be a matter of interpretation of the
directive whether a specific cost isaPSO element or atrade barrier.

The following advantages accrue for wind power in aliberalised market :

Access to renewable generators will be easier.

If the local supplier refuses to buy the dectricity from awind turbine there may be other
customers esewhere in the Union.

Trangparency of codt for therma and nuclear generation will be to the benefit of wind
energy, because wind energy does not have the "hidden cods' associated with
conventional generators.

Groups of consumers which have a preference for eectricity from renewable energy
sources, will be able to pool their purchase and find renewable generators to provide
thelr eectricity.

Future offshore plants in the northern Europe may benefit from the expected
srengthening of transmission lines from north to mid and south of the European continent.

There are d o threats to wind energy in aliberaised market:

Egtablished and economically consolidated utility companies can offer very low prices to
gain market shares, based on margina cost caculations.

Discusson between nationa parliaments and the EU Commission about judtification of
certain regulaions for wind power (priority or prices) may cresie sustained periods
during which the busnessis"ddled", awaiting notification of new laws and regulations.

The wind industry must examine the liberdised market treeting it as a chdlenge which offers
new opportunities for the sde of dectricity. It must then fight hard to maintain the legitimate
rights of renewable energy in the European dectricity sysems.

This argument is likely to be sustained on the basis of advantages to the environment and in
"use of local resources'.
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If the European Union decides on specific targets for individua countries for reduction of
CO, emisson and makes such quotas tradable, then the liberdised market might be an
excdlent tool for rapid development of a “CO, free market” for dectricity within the
traditional market - amarket with its own price levd.

The framework for such atrade of CO, reduction must however be considered carefully, in
order to ensure that countries do not smply trade CO, and avoid making any red efforts at
CO, reduction in their own territory. There is a benefit to the EU in that such trade would
alow better exploitation of the resources in a country blessed with good wind: the wind
generated dectricity could be exported to another country which has poor resources.

3 EMPLOYMENT ASOF 1996-97

A smdl survey conducted by BTM Consult ApS on the employment figures among the
European manufacturers during the summer 1997 produced the following figures for the
direct employment in the wind indudtry.

Manufacturer No. of employees
Vedtas 1200
Enercon 800
Gamesa 250
Micon 249
Bonus 230
Nordtank 225
Tacke 160
Nordex 130
Nedwind 105
Wind World 98
Other European 600

Direct employment 4047

Table 3.1: Present employment status at selected wind tur bine manufacturers[4]

The European manufacturers delivered some 1000 MW capecity in the year 1996. It should
be stressed that the mgority of the European wind turbine manufacturers are assemblers of
components made by firms in other parts of in Europe. There is, therefore, a long list of
associated sub-contracted suppliers providing components to the industry.

4 FUTURE EMPLOYMENT IN A EUROPEAN CONTEXT

Two extensve sudies [5] have been undertaken recently on the subject of employment
cregtion in the wind energy sector. A summary of the findings of these two dudies is
provided in the following paragraph:
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In 1995 wind power created some 9,000 jobs in Denmark, including jobs with Danish
turbine component suppliers. The impact on globa employment from the manufacturing
process is some 12,000 jobs. The ingdlation of Danish turbines world-wide created
another 4,000 jobs. Danish wind turbine manufacturers supply gpproximately hdf of the
nameplate generating capacity in the world market. One may therefore estimate world-wide
employment in the wind power industry to be in the range of 30,000 to 35,000 jobs in
1995.

However, the cdculation of indirect employment is difficult in any industry and wind energy
IS no exception. Both investigations have shown enough evidence for the following statement
to be used in a cdculation for present and future employment in the wind energy sector in
Europe.

1 MW of wind power installed creates jobs for 15-19 people under present European
market conditions. In more labour intensive parts of the world this figure may double.

4.1 Potential future employment in the EU

In this section the figures above are used to estimate how many jobs may be expected within
the EU member dtates. Table 4.1 has been used in Volume 5: Market development, and is
now repeated to show how many jobs can be expected in the EWEA scenario.

Y ear EWEA goal Jobs created by thewind

energy installed capacity
MW of ingtaled Wind Power
Capacity by end of the year Man Years

1996 3.500

2000 8,000 72,000

2010 40,000 512,000

2020 100,000 960,000

Table4.1: Jobscreated by thewind industry

It is noteworthy that should there be an ingtalled capacity of 100,000 wind capecity there
will be consderable maintenance, service and repars to be underteken during the
operationd life. There will o be refurbishment of the inddled capacity.

It is estimated that the design life time of a wind turbine is gpproximately 20 years. From
year 2030 and onwards the rate of refurbishment will be 5 per cent of the installed capacity
equal to 10,000 MW capecity.
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4.2 Offshore

Offshore inddlations will present a very large new potentid for the development of wind
energy. Within the EU dates there have been offshore inddlations in Sweden, the
Netherlands and Denmark which are listed below:

L ocation Units Made/Size Capacity MW Year Country
Nogersund 1 Wind World 220 kW 0.22 1990 Sweden
Vindeby 11  Bonus450 kW 4.95 1991 Denmark
Lely (ljsselmeer) 4 NedWind 40-500 kW 2.0 1994  Netherlands
Tung 10  Vestas V39-500 kW 5.0 1995 Denmark
Dronten | (Ijsselmeer) 19  Nordtank 600 kW 114 1996 Netherlands
Total units 45 Total capacity MW 23.57

Table4.2: Installed offshore projectsin theworld

The firgt offshore wind turbine was ingtdled in 1990 by Wind World in Sweden. Since then
four other projects have been inddled, two in Denmark and the other two in the
Netherlands. Table 4.2. shows that dl together there are 45 wind turbines with a tota
capacity of 23.57 MW. A new offshore wind farm was indaled in the Netherlands by
Nordtank. This offshore wind farm consists of 19 units and isthe largest so far.

All of these offshore projects are ingtaled reatively close to the shordline, between 1-5 km.
The mogt recent project which is at Dronten in the Netherlands is located just some few
metres off a pier. These projects are dl intended as pilot or pre-commercid projects. Many
aspects of offshore operations must be explored before large scale development can dtart,
such as technicad durability under these conditions, access for service, their impact on birds,
figh, etc.

Large scale offshore wind power development will therefore most likely not begin before the
end of this century, when the large scale 1.65 MW wind turbines have been well tested on
land. A potentid of 8,000 MW has aready been identified on just 4 different Stes in the
surrounding waters of Denmark. These areas are dl located within 20 km offshore and with
shdlow water between 5-10 metres. The Danish government estimates that some 4,000
MW of offshore wind power will be inddled by the year 2030. The Danish Minigter of
Environment & Energy announced in March 1996 that a new committee with members from
the Danish Energy Agency and the Danish utilities should have a plan prepared for future
offshore wind energy development by the 1st July 1997. There are dso mgor plans for
offshore wind energy in Sweden, Germany and the Netherlands. A contract has aready
been let for 230 MW wind farm under the UK NFFO.

It is likely that the offshore market will demand large scde machines which are dready
avallable in prototype form for gpplication onshore. For the most part, manufacturers seem
to adhere conceptudly to the design principles of their smaler machines in the design of their
MW plant.
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According to information provided by manufacturers, MW machines will be delivered to
projects in 1997 in increasing numbers. It is expected that as the offshore market evolves
new machines will emerge which are optimised for that particular gpplication.

Both development in the offshore market and in the MW class of wind turbines will require
many new skills from the handling of raw maerid in the factory to the management of
system for access and erection. The development of MW technology for offshore will push
transportation and logigtica factorsto the limit. Much of thisway has dready been paved by
the offshore oil industry but specific issues of power system eectrics within wind farms and
many otherswill require attention.

The exercise to locate suitable Stes for the ingdlation of offshore wind power requires kil
In some new arees.

archaeology
biology
geology
marine-biology

There will be further requirements to ded with commercid fisheries, defence and
communications agencies.

An invedtigation by a consortium in the Danish utility area showed foundetions to be
ggnificantly chegper than was previoudy anticipated. This implies that deeper water
locations can be more readily exploited. One of the mgor chalenges offshore lies in the
logigtics of maintenance and repair, daily monitoring and control of offshore inddlations. The
present experienceis very limited. As can been seen from the Table 4.2, only afew projects
have more than three years of continuous operation. Experience gained so far does not
show any dgnificant increase in maintenance codts, dthough problems with access have
been experienced.

There is, however, a srong belief that, in the long run, costs may decrease further due to an
environment with much less turbulent ar flow through the rotor. It is nevertheless a chdlenge
to the manufacturers to present evidence that some of the basic specifications of an offshore
wind turbine are fulfilled.

reldively artight nacdle

system for dehumidification

finish of dl surfaces according to highest corroson class

heat exchanger for cooling air for generators as well as gearboxes

permanent crane or lifting equipment in nacelle for smal component changes with fixing
points for the cranes

transformer and high voltage switch gear indde tower
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These are afew new areas requiring attention to dlow the consderable promise of offshore
wind power to be redised. Above dl it will be a new chdlenge to the industry to provide
this market with effective access and low maintenance costs.

As a result of this new market, new and powerful progress will emerge. Many offshore
engineering and oil companies are dready showing consderable interest in this new area of
busness. The entry of such companies into the wind energy industry will add further
credibility.

5 WIND ENERGY BECOMES"“BIG BUSINESS’

The development of the wind energy sector as indicated by the forecasts presented in Table

5.1 may catch the attention of large companies in the power industry. This table shows the

development in the wind energy sector in terms of MW ingtdled. There may be atranstiond

period with other company takeovers and mergers, but in the long run there is undoubtedly

enough turnover and employment in the wind industry to create the necessary interest for the

big power supply companies. The pioneering stage is over. The wind indudtry is entering a
trangtiona phase and within the next decade will be recognised as a conventional form of

electricity generation.

Energy conglomerates, such as Royad Dutch Shell, British Petroleum, Amoco, Exxon and
Statoil, and industrial combines, for example Generd Electric, Westinghouse ABB, Siemens,
Mitsubishi, Nissho Iwai, Howden Power, and Neste OY are dl expressing an interest and
arelikely to enter into this market in one way or another.

Wind energy is now joining the reims of ‘big busness and needs to achieve a better
undergtanding of the dructure of the energy industry in order to match its high leve of
technicd innovation with commensurate financid profits.
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and areas:

Total MW new capacity

every year:

1.292 1575 2.015 2305 2480 2.990

Country (areq) Instaled Installed capacity during year Installed capacity
capacity between 1997-
(MW) by 2001
endof 1996 | 1996 1997 1998 1999 2000 2001 | Sum Accu.

USA 1.596 12 50 150 150 200 400 950 2.546
Canada 21 0 10 30 50 100 100 290 311
Latin America 4 22 30 50 50 100 120 350 334
Total America 1.651 34 90 230 250 400 620 | 1.590 3.241
Denmark 835 200 300 125 125 150 150 850 1.685
Finland 7 1 5 10 10 10 20 55 62
Germany 1.552 420 450 300 300 300 300 1650 3.202
Greece 29 1 40 50 50 50 50 240 269
Italy 71 38 40 40 40 40 50 210 281
Rep. Ireland 11 4 40 30 30 30 50 180 191
Netherlands 299 50 50 50 50 50 100 300 599
Portugal 19 11 10 10 10 10 20 60 79
Span 249 116 200 250 250 250 250 1200 1449
Sweden 103 34 20 50 50 100 100 320 423
UK 273 73 60 100 150 100 100 510 783
Other European 49 20 50 100 125 125 200 600 649
countries

Total Europe 3.496 967 1.265 1115 1.190 1.215 1.390 | 6.175 9.671
P.R. China 79 35 100 150 150 150 200 750 829
India 820 244 50 300 500 500 500 1850 2.670
Other Asian 13 3 10 50 50 50 75 235 248
countries

Total Asia 912 282 160 500 700 700 775 | 2.835 3.747
Australia & New 6 4 5 20 20 20 30 95 101
Zedand

North Africa 9 0 10 100 75 75 75 335 344
Middle East 10 2 15 20 30 30 30 125 135
Former Soviet 18 1 10 10 20 20 50 110 128
Union: FSU-

countries

Rest of theworld 3 3 20 20 20 20 20 100 103
Total other continents 46 9 60 170 165 165 205 765 811

11.365 17.469

Accu. capacity (MW)

6.104

6.104 7.679 9.694 11.999 14.479 17.469

Table5.1: Forecast for wind power development 1997-2001
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Country (area): Installed wind power capacity by the end of 1996 and 2000.
Expectations for new capacity between 2000-2005.

All numbersare MW/year

Accumulated installed 2000 2001 2002 2003 2004 2005 Accu.
capacity (MW) by 1996 2001-2005
North America 1617 2567 400 500 500 700 700 2800
S& C. America 32 332 120 120 200 250 300 990
Total America: 1649 2949 520 620 700 950 1000 3790
Denmark 835 1210 150 150 150 150 150 750
Germany 1552 2302 250 300 300 400 500 1750
Netherlands 309 509 150 200 200 250 250 1050
Spain 249 79 200 200 200 300 300 1200
Sweden 103 243 100 100 150 250 300 900
UK 273 723 150 250 250 300 300 1250
Other EU-countries 133 593 150 150 200 200 300 1000
C. Europe + Russia 67 507 100 100 150 150 200 700
Total Europe: 3520 6885 1250 1450 1600 2000 2300 8600
India 820 2720 500 500 500 500 500 2500
P.R. China 67 617 200 300 400 500 500 1900
Other Asian 13 173 75 100 150 150 200 675
Total Asia 900 3510 775 900 1050 1150 1200 5075
Australiaand New 6 76 30 30 50 100 100 310
Zedland

M. East & Africa 18 258 100 100 150 200 250 800
Rest of the world 5 25 10 10 15 15 15 65
Total others 41 386 140 140 215 315 365 1175
World per year 2685 3110 3565 4415 4865 18640
Annual growth rate 15.8% 14.6% 23.8% 10.2%

Accu. Installed MW 6110 13715 16410 19520 23085 27500 32365

Accu. Growth rate 19.6% 19% 18.3% 19.2% 17.7%

Source: 1995-2000, BTM-C forecast from 1995, (adjusted by June 1996). 2001-2005, BTM-C, December 1996
The annual growth in MW of 2 - 5.000 equal to a value of approximately 1.4-3.5 billion ECU per year over the coming years
will be interesting for the energy supply society.

Table5.2: Expectationsfor global wind power development until the year 2005

6 CONCLUSIONS

The wind industry is gtill developing at a rapid pace. It is moving from a pioneering stage in
both technological and commercid terms. As the technology matures, the cost reduces and
the market expands, the indudtry is being recognised as an exciting and vibrant entity, and
maor players who have hitherto been reticent about identifying themselves with renewable
energy, are now keen to join in. This move is to be welcomed and is a clear Sgn that in
commercid termswind isjust one of the dternatives along with cod, oil and gas - part of the
energy industry. Given gppropriate market conditions the wind energy industry will provide
tens of thousands of jobs in an exciting clean industry.
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7 REFERENCESAND NOTES

1 The production is based on an average yearly wind speed of 6 m/s (Rayleigh). Costs are based
on a20 yearslifetime and 7% interest.
2 There was asmall increase of MW exported, but the domestic market doubled which resulted

in adecline of the export percentage.

Officia News Release from Enron of January 6, 1997 and information from the Internet.
Some companies among the investigated have refrained from participating in this survey
Danish Wind Turbine Manufacturers Association and Danish Counties

and Municipalities Research Institute (Society Value of Wind Power).
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