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PREFACE

The European Wind Energy Association published a Strategy Document in 1991. Since
then, the amount of wind energy inddled in Europe has risen dramaticdly. This
Document was produced to reflect the changes that have been happening in the industry
a the European level. Five main areas were addressed: Technology; Industry and
employment; Environment; Codts, prices and vaues, and Market Devel opment.

A Project Chairman was appointed, a Steering Committee was set up, lead authors
gppointed to produce the main chapters and a network of energy experts was formed to
contribute to the project and to peer review the draft documents.

The Lead authors were as follows.

Mr David Milborrow (UK) produced the volume on the costs, prices and
vaues,

The companies Garrad Hassan & Partners (UK) and BTM Consult AS
(DK) produced jointly the chapters on the Industry, the Technology, the
Environment and the Market Devel opment.



EXECUTIVE SUMMARY

"Coal, gas and ail will not be the three kings of the energy world for ever. It is no longer
folly to look up to the sun and wind, down into the sea's waves'*

The work reported on in this book results from a unique project which has sought to summarise
the state of the developments in the fast changing wind energy indusiry with redlistic prospects
for the economic, technica, technologica, environmental and market development.

European wind technology is a great success story. In the space of fifteen years it has evolved
from an indusiry making small, smple machines into a technology which can compete with the
well established forms of power generation.

In its first Strategy document published in 1991 EWEA sat gods for the deployment of wind
energy in Europe. These were as shown in the table below.

"OLD" EWEA TARGETS (1991)
Year I nstalled Capacity
2000 4,000 MW
2005 11,500 MW
2010 25,000 MW
2030 100,000 MW

These gods were set in order that 100,000 MW of wind energy could supply about 10 per cent
of the Community's dectricity requirement by 2030. At the time, even the goa st for the year
2000 was congdered by many to be wildly unredlidtic. It was pointed out that if al the turbines
required for the 2030 target were built into one wind farm, only an area of land about the size of
Crete would be required.

In making the projections for the 1991 strategy document, EWEA based its calculations on a
25% to 30% annual growth rate. From 1991 to 1997, the ingtalled wind energy capacity in
Europe has increased by about 40% per year to 4,500 MW.

The target for the year 2000 being dready met, EWEA has had to revise its set of targets to
take into account the continued increased growth rate. The target for the year 2000 has been
doubled to 8,000 MW, and we believe that the earlier target of 100,000 MW by 2030 can be
met by 2020.

! The Economist (7 October 1995)



The new EWEA targets are shown below.

"NEW" EWEA TARGETS (1997)
Year Installed Capacity
2000 8,000 MW
2010 40,000 MW
2020 100,000 MW

The wind energy industry has volume production of medium size machines in the 600 kW range
and some 10 desgns in the megawatt range with commercid prospects. The increase in
available rated capacity (by about afactor of 3 from 500 or 600 kW to 1.5 MW) is striking and
has been a very rapid development since 1990. The arriva of the largest units is timely as the
indugtry prepares for mgor offshore developments. This evolution is shown schematicdly in the
Figure below.
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The development of commercial machines (1992 = 100% for all parameters)

Progress on standards and certification must be maintained to promote and keep investor
confidence. Thisimportant area of work has been responsible for a steady improvement of both
design and manufacturing qudity and has helped the industry move from its early pioneering
stage to a comptitive industry which can compete on a world wide market. Continued efforts
on thisfront are vitd.

Design consolidation has taken place with three bladed designs predominating to an even
greater extent than previoudy. There is increesng use of variable speed sysems. A mgor
recent innovation has been the introduction of direct drive generator technology.

The full exploitation of wind energy potentiad will require properly optimised machines for
different types of Ste:

high and low wind speed
onshore and offshore
remote and grid connected
large and small gpplications

Cost trends show the latest megawatt machines as competitive. It is now pressing to assess the
limitsof up-scaing and the need for new concepts for large offshore units. Mgor offshore
developments are certain in the early part of the next century. This will be the next mgor step
for the technology and will result in a dramétic increase in potentid, particularly in the northern
European waters.

Careful consderation of the interaction between wind turbines and the grid is now, and will
continue to be, an important area of both technical design and political action. This matter will
come to the fore over the next decade as the subgtantia gods established for the industry are
redised. It will require a imaginative approach to the way grid management is organised on a
Europe wide basis.

Theincreasing religbility of wind turbines and growing penetration of world wide markets, mean
the future for the technology is bright. The red benefits of the subgtantia investment of the
European Commisson and the EU member dates have made in research to improve the
understanding of wind turbine behaviour, through careful modelling and measurement, is just
darting to bear fruit. It must be carefully sustained and is set to play a mgor role in future
technology development.

From an economic point of view, it must be emphasised that no single value can be assgned to
the price of wind energy. The sameistrue of energy prices for thermd plant. It is aso important
to distinguish between the cost of plant (such as wind turbines and wind farms) and the price of



the eectricad energy which they produce. Capita costs speaking, are primarily a function of the
gze of theingdlation (due to economies of scale).

Energy prices, however, depend on wind speeds and on inditutiona factors, and have two
principal components:-

Capitad repayments, including interest charges
Operating costs

The caculation of wind energy generation prices follows procedures which are reasonably
gsandardised across the power indudtry. "Red"”, i.e. net of inflation, interest rates - more
accurately, test discount rates - are used to calculate levelised costs. Nationd interest rates and
repayment periods vary widely across the EU, but reference energy prices may be derived
provided the actua levels are quoted.

Ingtitutional factors arguably account for most of the gpparent variations in quoted wind energy
prices. In Denmark, for example, the costs of grid connection of wind indalations have not
always been charged to the devel oper.

The cogt of wind energy plant has falen subgtantialy during the last fifteen years, and this trend
is continuing. Energy prices have fdlen even fagter, due to lower wind turbine prices, higher
efficiency and avallahility, and lower operation and maintenance costs. Wind turbines prices fell
by afactor of at least three from 1981 to 1991, and energy prices have halved in the lagt 9-10
years.

The price of modern turbines around the 45 m diameter mark is around 700 ECU/KW. It may
be noted that the "most economic size' has changed over the years and is till moving upwards.
The larger the machines, the fewer are required for a given capacity. This brings savings in Ste
costs and in operation and maintenance cods. For example, site costs can be reduced by
around 25% by moving from machines of the 300 kW szerangeto 1 MW sze machines.

Overall, balance of plant costs adds between 15 and 40% to wind turbine costs, depending on
the number and sze of machines in the wind farm, and the location. The windiest Stes - on
hilltop stes, often remote from a grid connection, or coasta locations where deep piling into st
is needed, tend to incur costs above average. Operationa costs vary between countries and
between wind farm sites; they range from around 25 ECU/kW/yr for 200 kW machines, faling
to around 15 ECU/KW year for 500 kW machines. Current energy prices corresponding to a
mid-range wind farm cost of 850 ECU/KW are 9.6 cECU/kWh a 5 m/s, declining to 3.4
CECU/KWh at 10 mv/s. (All wind speeds refer to hub height). These assume a 7.5% test
discount rate and depreciation over 20 years.



Nationa inditutiona frameworks influence discount rates and depreciation periods, and vary
across the EU. Local wind speeds also vary widdy across the European Union. The best
resources are in the upland regions of Irdland, Britain and Greece, parts of Spain and the
Canary Idands, where average wind speeds (at hub height) may be around 8-10 m/s. In
Western Denmark, and the coasta regions of north Germany, wind speeds range up to about
7.5 m/s, and elsewhere winds are lower, with speeds decreasing further inland.

Offshore wind has the potentid to deliver substantia quantities of energy - & a price which is
chegper than mogt of the other renewable energies. Wind speeds are generdly higher offshore
than on land, dthough the upland regions of the British I1des, Italy and Greece, do yidd higher
Speeds.

The dectricity generation costs from thermd plant in the EU vary widdy. Government support
for the nuclear and cod indudiries may mean that the red generation cods are higher than is
gpparent. Direct comparisons between the price of wind energy and that of eectricity from the
thermal sources ignore the fact that, in many indances, renewable eectricity-generating
technologies deliver energy closer to consumer demand than centralised generation.

Electricity prices for thermd plant, moreover do not include the so-called "externa codts' of
electricity generation - those associated with damage to hedlth and the environment.

There are a number of factors which are causng a steedy fal in the cost of wind energy
sygems:-

The trend towards larger wind turbines
Faling infrastructure costs
Possible reductionsin the cost of raw materids

Data from The European Renewable Energy Study (TERES 1) (DG XVI11), indicate that wind
may become one of the chegpest renewable energy sources, with prices within the range of
those of the therma sources. Energy prices from the therma sources are, however, subject to
uncertainty.

The wind energy industry is now a mature industry that employs many thousands Europeans.
One Megawatt of wind power installed capacity creates jobs for 15-19 people under present
European market conditions. In more labour intensive parts of the world this figure may double.

Jobs created by the wind industry

Y ear Installed Capacity (MW) Jobs created
EWEA-god Man Y ears
1996 3,500 72,000




2000 8,000 512,000
2010 40,000 960,000
2020 100,000 2,400,000

The development in the wind energy sector has given birth to new mgor factories throughout
the whole world and the new technological arena stimulates production of components for the
new wind turbine generator makers in factories which traditionaly supplied the ‘old technology’
electricity producers.

The devedlopment of offshore wind energy gives the industry further opportunities.  As the
technology matures, the cost reduces and the market expands, the industry is being recognised
as an excting and vibrant entity, and mgor players who have hitherto been reticent about
identifying themsdves with renewable energy, are now keentojoinin.

Thismoveis to be welcomed and is a clear Sgn that in commercia terms wind is just one of the
sources on the energy portfolio dong with cod, oil and gas.

Wind energy is a clean, renewable and sustainable means of dectricity generation. It is one of
the most cogt-effective energy options for reducing global warming. Wind energy aready avoids
over 6,300,000 tons of CO,, 21,000 tons of SO, and 17,500 tons of NOy emissions per year in
the EU done. It will avoid over 28,000,000 tons of CO,, 94,000 tons of SO, and 78,000 tons
of NO, emissons per year outsde the EU by 2005. Wind energy could reduce EU power
sector CO, emissons by over 11% by 2040. Furthermore, wind energy does not create any
dangerous waste products. It isindigenous, secure and freely available.

About 99% of the land area within a typical wind farm Ste is available for agricultural or other
use. 80% of people polled are infavour of wind energy.

In 3 to 4 months a modern wind turbine on an average Site will generate as much energy as that
used to manufacture it. Wind farms can be decommissioned, and Stes fully restored, very easly.
The recyclable content of wind turbines is increasing and more energy can be recovered from,
than is used in, scrgpping machines.

Wind farm development abides by planning requirements throughout the EU and the industry has
adopted European “Best practice Guiddines for responsible development of wind farms’.

Wind Energy development in Europe has taken place since end of the 70's. This development
has been supported by nationa programmes within EU-member countries and by the
EU-programmes : JOULE and THERMIE. After adow dart, the EU is now the region with the
greatest expangon of wind energy utilisation in the world. By end of 1997 some 4,700 MW will
have been inddled - adevelopment from just 473 MW in 1990.



Four European countries, Germany, Denmark, Spain and UK are among the world's leading
nations in the field of wind energy. During the last five years the growth rate of ingtaled capacity
in individua countries has been between 15 and 75 % per year. Germany ingtaled more than
500 MW in one year (1995), and the total new ingtalation in Europe in 1997 is estimated to be
1,265 MW. European manufacturers are world leaders covering some 80% of the world market
in 1997.

As recdled earlier, previous targets set by EWEA and by the Plan of Action for the Altener
programme have been exceeded. The origind EWEA target by was 4,000 MW by year 2000
and Altener estimated some 8,000 MW by 2005. The new EWEA targetsare: 8,000 MW by
2000, 40,000 MW by 2010, 100,000 MW by 2020. The 40,000 MW by 2010 is supported
by the Commission’s “White Paper for Renewables Sources of Energy in the EU” (COM (97)
599 findl). The assessment carried out in this paper supports the likelihood of these targets being
met.

Market forecasts indicates that annud ingtdlations will grow from today’s 1,000 MW per year
to some 1,400 MW per by turn of the century. The resulting ingtdlation by end of year 2001 is
some 9,700 MW operationa in Europe. Post 2001 the growth rate will increase significantly and
further 7,350 MW will be ingalled from 2001 to 2005, ending up with amost 17,000 MW by
2005.

Different ways of supporting wind energy development exis. Among these the most common
are:

Generd public funding of nationad R&D programmes,

Direct invesment subsidiesto ingalation of wind turbines,
Bidding processes like the British NFFO,

Fixed premium price of eectricity ddivered to the public grid.

The mode with fixed prices has shown to be the most successful way to create a dynamic
market development and creating sound indugtries and employment, within the EU. The use of
fixed prices has shown to be very successful in Germany and Denmark.

In concluson, a generd fair price pad to the wind generators, reflecting the environmental
benefits of producing dectricity without emisson of pollutants, taking place in a well organised
inditutiona framework, in countries with planning regulations for wind energy in place are key
elements for Europe, if the targets are to be achieved.

Supporting such a development in Europe, will enable a further growth of a strong European
wind power industry, which in turn, can benefit from export to aworld market expected to be at
least twice that of Europe, in terms of predicted installed megawatts over the next two decades.
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