










(2)

(3)

(4)

9. REFERENCES

(l) National Milieubeleidsplan Plus (NMP+), SDU Uitgeverii, 's-Gravenhage' iuni
1990.

vervolgnota Energiebesparing, SDU Uitgeverii,'s-Gravenhage, 1993.

Overzicht Duurzame Energie in Nederland, Ecofys, januari, 1994'

Ervaringsgegevens windturbines, algemeen iaarverslag, CEA oktober 1993,

plus gegevensverzameling CEA l&l-95.

Dutch wind in Progress, Ruud de Bruiine, Jaap 't Hooft, Marc Pagen, okto-

ber 1994, EWEC 94.

Ervaringsgegevens windturbines, algemeen iaarverslag, CEA oktober

1993,plus gegevensverzameling CEA l8-l-95.

Update Analyses Development of cost Price Wind Energy, cEA April 1994'

99



NORWAY

1. NATIONAL PROGRAMS

In January 1994, the separate R&D programs on wind, bio, solar, and wave
energy were merged together into one R&D program on new and renewable
sources of energy. The new program is managed by the Research Council of
Norway (NFR). The Norwegian Water Resources and Energy Administration
(NVE), which formerly managed the wind energy RD&D program, participates in

the Executive Committee of the new program. NVE is, in addition, responsible
for an introduction program on energy effective technologies, which includes
technologies for new and renewable sources of energy.

The new R&D program is divided into two main areas:

r Product development in the renewable energy sectors

r Research as a basis for industrial undertakings in these sectors.

The program will mainly focus on product development for the market. It is the
trade and manufacturing industries that are responsible for submitting applica-
tions and running the approved projects. The quality of the projects and the
possibility for sustainable business opportunities are decisive for the priority
among the different energy sectors.

The budget frame for the program in 1994 was NOK 30 million (about
USD 4.2 million), with a government support of NOK 20 million (USD 2.8 million).
In general, up to 50% of the development costs can be covered by the program,
except for basic research activities, which may be covered up to 100%. A gov-

ernment subsidy of up to 50% is also available from NVE for running activities
under the market introduction program in order to promote the implementation
of new and energy effective technologies.

Only a minor part of the R&D budget, about NOK 600,000, has been assigned to
the wind energy sector in 1994. On the other hand, the completion of some wind
energy development projects under the former RD&D program have maintained
some R&D activities during the past year.

2. COMMERCIAL IMPLEMENTATION OF WIND POWER

The national target in the former demonstration program was to have wind tur-
bines with a nominal capacity of 3-4 MW connected to the grid system by the
end of 1993.

At present, l2 wind turbines (3.9 MW all of Danish manufacture) are installed
along the Norwegian west coast, as listed in Table l.

I
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Wind Turbines,
Power Rating ftW;

Table 1. Wind Turbines and Output

Year of
Commissioning

Production 1994
(Gwh)

Total Output Over
All Years (GWh)

Fraya

Valler-
sund

Kleppe

Smsla

Andoya

Vester-
Alen

Vikna

1x 55

1x400

lx75

lx55
1x300

1x400

1x400

(3 x 400
2 x 500)

1986

1989

1987

1988

1989

199r

1991

1991

1993

suM 3,885 kW

The wind turbines are installed
a wind farm (2.2 MW) at Vikna,
to the grid system.

Ten of the wind turbines are owned by power companies. These have been
installed with the help of about a 50'X, investment subsidy from the former wind
energy program. The two others are privately financed and owned. No new wind
turbines have been installed during the past year.

Hydro power is the dominating form of energy production in Norway and pro-
vides more than 99% of the energy for electricity supply in a normal year, with
an installed capacity of about 27,200 MW. The installed wind turbine capacity
accordingly represents only a minor part of the total capacity demand.

The wind turbines have yielded an output of about 32.4 GWh over the operating
years. The production during 1994 (about 9.1 GWh) represents only a minor
part of the average national electricity consumption of I l2 TWh/year.

The wind farm at Vikna (2.2MW) (see Figure l) yielded during the past year an
energy output of about 6.3 GWh, corresponding to I,195 kwh/m' rotor area.
This output was attained at an average wind speed of 7.2 mlsec, a capacity fac-
tor of 0.325, and an average technical availability at the wind farm of 96.6'X,.

The wind turbines at Vikna are situated on a mountain ridge, which towers
80-90 m above sea level. The energy produced is delivered for local supply.

Most of the failures and troubles that have occurred with the wind turbines are
due to the control system, damage by lightning, or component defects.
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Figure 1. View of the usind farm at Vihna

The lightning activities in the areas along the Norwegian west coast may be
quite high. An analysis of the lightning problems in connection with the opera-
tion of wind turbines was carried out in 1994, resulting in recommendations on
how to protect the wind turbines against damage by lightning. The analysis, car-
ried out by TransiNor Technology A/S, gives a description of the problem
together with recommendations and proposals for improvements.

Studies of the integration of wind energy into the existing supply system show
that wind energy may be economically acceptable in certain coastal areas with
favorable wind conditions and high power values. It is also quite obvious that
the Norwegian hydropower system can integrate a substantial amount of wind
energy without particular problems.

Extended and often weak distribution grids along the West coast may give con-
siderable marginal losses in heavy load periods if power is supplied from the
central production system. In such cases it may be possible to save energy
losses if wind turbines are installed at the end of the grid system.

3. INDUSTRY

At present, there are no Norwegian manufacturers of wind turbines. The reason
is that the home market for wind turbines seems to be too small. Nor is any sub-
stantial Norwegian market for wind turbines expected in the near future, except
for some niches where it may be possible to obtain economical advantages by
introducing wind turbines.
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Generally, there is a need for cost reduction and improvements in the wind
energy sector if any expansion of the wind turbine market is to be achieved. In
this situation, only a few industrial companies are deeply involved in R&D pro-
jects on wind energy, except for the wind/diesel system.

A second generation wind/diesel system was installed at the test station at
Froya in 1993. The new system (55 kW wind turbine and a 50 kW diesel engine
from the former plant) has a forced commutated converter with a battery stor-
age. It has a control system developed in cooperation between the Norwegian
Electric Power Research Institute (EFI) and ABB Energi A/S as the industrial
partner. The Sgr-Trondelag Kraftselskap (S-TK) power company is the operating
manager of the plant.

Preliminary testing of the new wind/diesel system in 1993 disclosed some volt-
age problems (flickering). The problems are, however, solved and the whole sys-
tem is now operating very satisfactorily. A program for testing the new
wind/diesel system against consumer load is in progress. The plant is serving
an autonomous grid with approximately l0 domestic consumers. The testing
period is supposed to be finished in March 1995. After this test period, the con-
cept will be available on the market.

Other industrial products for the wind energy sector are polyester resins for
turbine blades (one company) and cast iron components for wind turbines
(three companies).

The feasibility of producing wind turbine blades in Norway was investigated in
1994 from a material and structural point of view. It was concluded that there is
a potential to design blades which are structurally improved compared to the
blades currently in use.

4. CONSTRA/NTS ON MARKET DEVELOPMENT
The home market for exploitation of wind energy will be quite limited as long as
new hydropower plants, on an average, are able to generate electricity at about
half the cost of wind energy in places with favorable wind conditions. The main
challenge in the R&D program will therefore be to lower the production cost of
wind energy and make it a cost-effective source of energy contribution.

The prevailing transmission tariff system represents another barrier which has
to be overcome. This system does not take into account the difference in geo-
graphical localization of the power production systems. As wind turbines usu-
ally are located close to the consumers, they should be credited with a lower
transmission cost. If a wind energy market is to be developed, it may be neces-
sary to establish separate transmission tariffs for the small and local energy
production systems. This is looked upon by NVE.
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5. ECONOMICS

The total invested capital in the Norwegian wind turbine systems may be esti-
mated at about NOK 42 million. No capital investment has been made during the
past year. The value of the total wind-generated electricity may be estimated at
about NOK 6.5 million. The value of the wind-generated electricity during the
past year may be estimated at about NOK 1.8 million. The average generating
cost in the hydropower system has been used as a reference for this calcula-
tion.

The cost of electricity from the Norwegian wind turbine systems may be esti-
mated at NOK 0.35-0.45/kWh, dependent on the wind regime and the local condi-
tions. In addition to these costs come the grid transmission cost, taxes, and
levies.

It may be difficult to indicate savings in pollution or other environmental advan-
tages with the use of wind energy in a hydropower-dominated energy system.
Nevertheless, fuel oil is also used for heating purposes in the Norwegian energy
system. If the energy output from the wind turbines is used to substitute fuel oil
for room heating (energy efficiency 0.80), it may be estimated to save approxi-
mately 950 TOE/year (0.105 kg fuel oil/kWh utilized).

6. FINANCING

The former RD&D program offered a50% subsidy on the investment cost to
stimulate the interest in the exploitation of wind energy. The intention in the
new R&D program is to offer subsidies only to stimulate the development of
new and energy-effective technologies, and under certain conditions, to stimu-
late the market introduction processes.

No general financial support scheme is, for the moment, available for invest-
ments in wind turbines. The investment costs and the running expenses have to
be borne by the wind turbine owner under ordinary market conditions. However,
a financial grant of up to 50% could be given if the plant is to be used by a
Norwegian manufacturer as a test or reference site.

7. RESEARCH AND DEVELOPMENT

The new R&D program for wind energy tries to influence industrial companies
to take an interest in wind energy in order to make commercial wind turbines
more reliable and safe in a harsh climate. In particular, industry is encouraged
to:

Develop reliable components for the wind turbine market (e.g., rotor blades,
components for power electronics, and mechanical equipment)

Develop methods to protect wind turbines against damage by lightning

Develop reliable and cost effective wind turbines.

a

a
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The approved development projects will be run by the manufacturing indus-
tries. Research as a basis for industrial undertakings are run by universities and
institutes in collaboration with industry.

The total governmental budget for R&D on new renewable sources of energy is
around NOK 10 million (US$ 1.4 million) in 1995.

8. I NTE RNATI O NAL C O LI.A,BO RATI O N
Participation in international collaboration under the new R&D program will be
restricted to activities which are deeply rooted in national activities and where
the benefit from the participation is obvious (e.g., participation in EU and IEA
R&D projects).

The Norwegian Institute for Energy Technology QFE) has since autumn 1993
been involved in the Joule II program, "Wind Measurements and Modeling in
Complex Terrain."



SPAIN

1. NATIONAL PROGRAM

The technological development and progressive utilization of renewable energy
sources in Spain have been supported by the Spanish government through the
preparation of National Plans with specific targets laid down in each area.

In 1991, the Spanish government approved a new National Energy Plan (PEN),
which included the l99l-2000 Energy Saving and Efficiency Plan (P.A.E.E.). In the
wind energy area, emphasis is being placed on projects in the areas of Spain
with considerable potential through the installation of wind farms connected to
the electricity grid. Priority is also being given to the technological development
and manufacturing of Spanish wind turbines. The targets for wind energy were
set at 168 MW for the year 2000, with an energy production of 403 GWh/yeaa
which implies a total investment of 180 millions ECU and Public Funds of 78 mil-
lion ECU. This goal of 168 MW for the year 2000 is going to be widely exceeded
and will reach that amount already in 1995, according to the already confirmed
projects to be built during this year. This gives an idea of the current high leve-
of wind energy market activity in Spain. Information regarding new installations
is continuously provided by national and international manufacturers and pro-
moters.

l.l. Research and development projects
The main R&D organization in the field of wind energy in Spain is the Instituto
de Energias Renovables of CIEMAT. They are involved in several projects:

BLADE DEVELOPMENT AND TESTING

r Design and manufacturing of blades for a wind turbine of medium size.

Design and manufacturing of the blades for a new prototype of MADE, model
AE-41, with 500 kW of rated power and 41 m diameter. This prototype, devel-
oped by ENDESA with the support of OCIDE, foresees the mass production of
blades and plans to incorporate a company.

. SFAT Project.

SFAI is a JOULE project of the EU, in collaboration with other European insti-
tutes, with the purpose of elaborating recommendations for blade testing of
wind turbines to establish criteria for testing proceedings.

. Blades Static Testing of 300 kW wind turbines.

The Wind Division has carried out static testing of the first l5 m blade proto-
type to be installed in a new machine of 300 kW rated power. This turbine,
called "DESA 300," is being developed by Desarrollos E6licos Company. The
testing was carried out with the application of preplanned load cases ending
with the breakage of the tested blade. Studies on fatigue testing of similar
blades are planned.
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WIND TURBINE TESTING

. AWEC-60 project.

CIEMAT is the subcontractor to Uni6n Fenosa in the following JOULE projects:

- WEGA Follow-uP

- WEGA Design Review.

Two Spanish manufacturers (MADE and ECOTECNIA) are participating in the

,econd project to incorporatL their design criteria in the MW range wind tur-

bines.

o Power curve verification in the Cabo Villano wind park

At the request of MADE and according to the international recommendations'

measurements of the power curve in the Cabo Villano wind park and in one

machine of 150 kW (MADE AE-20) have been carried out'

r Measurement of the MADE AE-23 wind turbine'

The 300 kw prototype, made by MADE and installed in Granadilla (Ienerife),

was monitor-eA. tn ittit fittt prototype, measurements of power, loads on the

machine, noise, and quality of the energy generated have been analyzed in

accordance with the iecommendations of the International Energy Agency.

A complete evaluation and modifications of the machine needed for commer-

cial development were carried out.

study of vibrations in wind turbines for failure prediction.

A study of wind turbines (150 and 300 kW) in order to predict failures in their

components is Planned.

MONTURB Project.

This project is integrated in the JOULE II program. The objective is to carry

out measurements lnd an evaluation of loads on wind turbines operating in

mountainous areas. Two MADE-300 kW wind turbines located in Tarifa (com-

plex terrain) and Fuerteventura (flat terrain) will be analyzed in this project.

DESIGN AND MODELING OF COMPONENTS

. Refstress Project.

The objective of this JOULE project of the EU is to obtain a fatigue model for

wind turbines. The project has been carried out through comparison of pro-

grurt ur"o in different European institutes and the quantification of effects

ihut .un have influence on the fatigue life of the components in the wind tur-

bines.

o DESA-300 wind turbine performance analysis'

Performance analysis and extreme loads, along with theoretical power curve

valuation, pitch variation, aerodynamic design verification, and initialvalua-

tion of loads, have been studied.
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. MADE 300 modeling.

Using a MADE design, a complete modeling of the aerogenerator with the
components fatigue study has been carried out.

HARMONIZATION OF STANDARDS

. EWTS project.

This is a JOULE program. The objective is to make a revision of the different
standards and recommendations (nationals, IEA, IEC, certification institutes)
to prepare a European common standard to apply to wind energy.

EUROPEAN DATABASE

. Eurowin project.

The Wind Division participating in this database collected the information on

Spanish wind farms.

WIND RESOURCE ASSESSMENT

o Wind measurement and modeling in complex terrain, in order to estimate the
site climatology and the model performances.

o Site selection for wind farms.

Several projects have been contracted by utilities, wind farm promoters, and
regional authorities. Sites with a capacity of installing several hundreds of
megawatts have been evaluated.

o Inventory of wind farm sites and elaboration of wind resource maps.

1.2. Demonstration projects
Inside the framework of the THERMIE program, several projects have been
developed in Spain:

o Installation of 3.9 MW wind farm in the district of Baix Ebre, in the Catalufla
region

r Installation of a 6 MW wind farm at Cortijo de la Joya

o Development of a ECOTECNIA 500 kW wind turbine.

Since 1989, CIEMAT has been working together with the Universidad Politecnica
de las Palmas on the Wind-Diesel plant at P6jara (Fuerteventura - Canary
Islands). This autonomous system, with a 225 kW wind turbine and two 60 HP

diesel engines, is financed by EU through the VALOREN program.

2. NATIONAL STATISTICS ON WIND POWER

2.1. Installed capacity
The best wind potential areas are located in the Canary Islands, the Strait of
Gibraltar, and Galicia, with the highest concentration of projects. Other regions
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(Ar6gon, catalufra, Navarra) are also making a good use of their interesting wind

cond"itions and have carried out several proiects'

The power range of wind farms installed in spain usually.exceeds I MW' with a

machine range from 100 to 500 kw unit nominal power' The regionaldistribution

;r"*;r; +gd Naw i"rt"ir"o in Galicia, 0.59 Mw in catalufra, 3 MW in Navarra,

3.g5 MW in Arag6n, i+.+g Naw in the canary Islands, and 33.09 MW in the strait

of Gibraltar. The strait of Gibraltar continu-es to have the highest conc€ntration

of wind turbines in Spuin, *ittt ZOO machines, followed by the Canary Islands

with 130 wind turbiils. daticia, with 35 turbines installed, is the most dynamic

area at this momeni;li it tft" Spanish region with the largest number of projects

in the planning state for the year 1995'

The total power installed in 1994 was 72.5 MW. It is foreseen for the end of 1995

that a totil power of 194 MW will be installed'

The following graph (Figure 1) presents the wind power evolution in spain dur-

ing the last Years.
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Figure 1. Capacity power eaolution in Spain
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