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An Arctic Wind Turbine
INn Northern Sweden

Highlights

v 1,710 MWh production in
thefirst year of operation

v 95% availability during 1999

v Operation at temperatures
down to -20°C

v Energy demand for de-icing
lessthan 3% of generated
energy

Summary

Good wind conditions make areas
of northern Sweden and Finland
attractive sites for wind turbine
installations. However, to work
successfully in the prevailing arctic
conditions, wind turbine designs
need to be modified to withstand
low operating temperatures and ice
accumulation on the rotor blades.

The 600 kW wind turbine at Suorva
produced 1,710 MWh of electricity
during itsfirst year of operation.
During 1999, availability was 95%,
with only 9-10 days when extreme
temperatures led to the turbine being
shut down. The system is designed
to operate at temperatures down to
20°C below zero, with the lowest
temperature so far being -37°C.
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Project Background

In early August 1998, the Swedish
utility Vattenfall AB contracted
Bonus Energy A/Sto deliver one
600 kW MK 1V wind turbine,
equipped for arctic conditions, to
Suorvain northern Sweden.
Construction work began later that
month and the turbine was delivered
to the site at the beginning of
Octaber.

Turbine performanceis being
monitored from 1999 to 2001 to
evaluate the following:

v operation and maintenance;
v public acceptance;

v environmental impact;

v power performance;

v ice-loads/stresses,

v acoustics.

The Project

Suorvais located 100 km north of
the Arctic circle, near the source of
the StoraLuleriver. The areais
surrounded by mountains with
peaks 1,400-1,500 m above sea
level. Although over 100 km from
the nearest village, the siteis only
300 m from the road and from the
existing local 10 kV grid. The
turbine stands on asmall ridgein
the valley at 470 m above sealevel.

Wind conditions during the turbine's
first year of operation were
measured and analysed as follows:

v mean annual wind speed, at a
height of 35 m, was 7.5 m/s, with
the highest observed wind speed
being 32 m/s;

v channelling effectsin wind
distribution were observed in the
direction of the valley.

v icing conditions, defined as
occasions when relative humidity
exceeds 95% and temperatures
drop below 0°C, were
experienced 2—4% of the time.

Wind speed is measured on a50 m
high mast, located 900 m above sea
level on amountain, 7-8 km south-
east of the turbine. In December
1997, one-minute average wind
speeds exceeding 50 m/s were
measured during a five-hour period
before the anemometer broke down.

Inhabitants and visitors to the area
include reindeer herders, tourists
and service personnel from two
nearby hydro power stations. Their
opinions about the wind turbine are
being assessed through interviews.

Plant Data

Theturbine is a three-bladed Bonus
Mk 1V, specialy equipped for arctic
conditions. The rotor is an upwind
model with a44 m diameter and
1,520 nv of swept area. Rotor speed
isvariable at 27 or 18 rpm,
depending on wind speed. The
output is 600 kW from an
asynchronous generator at 690 V;
thisistransmitted by a 20 m cable
to an 800 kVA transformer with an
output of 12 kV. The transformer
housing is grey to minimise visual
impact and is anchored to the rocks
with steel wires.

The three 19 m blades have a blade
heating system comprising a
carbon-fibre surface on the outer
part of the blades and on the leading

edge. Heating is regulated by a
control system triggered by signals
from an ice detector and thermistors
between the carbon-fibre and the
original glass-fibre surface. If iceis
detected and the wind speed is
below 11 m/s, the heating is 9 kW
on each blade; above 11 m/s,
heating isincreased to 15 kW. The
arctic equipment also includes a
heated wind vane and anemometer,
heated gearbox and control system.
The low-viscosity lubricants are
suitable for low temperatures.

Two telephone channels control the
site — one for the meteorological
mast system and the other for the
data acquisition, control, energy
measurement and separate fault
alarm systems.

Wind speed and direction,
temperature, output, blade distortion
and torque on the main shaft are
measured. Readings from the anti-
ice system and extended
meteorological measurements from
within a 10 km radius of the turbine
are also taken.

Performance

The Suorva turbine began delivering
electricity to the grid for the first
timein October 1998. Initsfirst
year of operation, it produced

1,710 MWh, with 95% availability.
Extreme temperatures led to the
turbine being shut down on only
9-10 days during the year. The
anti-ice features have performed
successfully and no problems with
the turbine's operation have so far
been identified. The energy demand
for de-icing has so far been less than
3% of the energy generated.



Preparing to raise the blade assembly into position.

Economics

The project comprises both building
and evaluation phasesand is
financed by Vattenfall and the
Swedish National Energy

Administration, Energimyndigheten.

It has a budget of SEK 6 million
(where SEK isthe Swedish krona),
30% of which isagrant from
Energimyndigheten. Vattenfall is
responsible for overall project
management, for which it uses both
its own and external experts.

The tax on electricity production,
(currently SEK 0.181/kWh), is
rebated. Thisisthe casefor all

wind turbines in Sweden in
recognition of the environmental
benefits of clean energy.

Environment

In 1999, the Suorvawind turbine
produced 1,806 MWh of eectricity —
the third largest output from a
turbine in Sweden. This output,
representing an annua carbon
dioxide (CO,) saving of 90.3 tonnes,
may, however, have been dueto an
unusually long period of high wind
speeds experienced during the year.

The Suorva project aimsto increase
knowledge of, and experiencein,

building and operating awind
turbine in arctic conditions, where
specialist equipment is required.
Information gathered from Suorva
will help to address public concern
about environmental sensitivity,
which will in turn affect attitudes
towards the future use of wind
technology in Scandinavia.
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The Arctic wind turbine at Suorva, Sweden.

Please write to the address below if you require more information.

Host Company

Vattenfal AB, SE-162 87,
Stockholm, Sweden

Contact: Mr Kenneth Averstad
Tel: +46 8 739 66 72

Fax: +46 8 739 55 62

E-mail:
kenneth.averstad@energi.vattenfall.se
Equipment Supplier

Bonus Energy A/S, Sverige
Box 170 30, SE-402 61,
Goteborg, Sweden

Contact: Mr Bjérn Larsson
Tel: +46 31 707 56 00

Fax: +46 31 707 56 01

E-mail: bla@bonus.dk

I nfor mation Organisation
CADDET Sweden

Swedish Council for Building
Research - BFR, Box 12866
S-112 98 Stockholm, Sweden
Contact: Mr Michael Rantil
Tel: +46 8617 7359

Fax: +46 8 653 74 62

E-mail: michael.rantil @bfr.se

CALLET =

W renewable energy

CADDET Centre for Renewable Energy
ETSU, 168 Harwell, Didcot
Oxfordshire OX11 0QJ

United Kingdom

Td: +44 1235 432719

Fax: +44 1235 433595

E-mail: caddet.renew@aeat.co.uk

International Energy Agency

The International Energy Agency (IEA) isan
autonomous body which was established in 1974 within
the framework of the Organisation for Economic
Co-operation and Development (OECD) to implement
an international energy programme.
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CADDET

CADDET was set up in 1988 as an |IEA Centre for the
Analysis and Dissemination of Demonstrated Energy
Technologies. Today, there are two CADDET operations:
oneisfor energy-efficient technologies and the other for
renewable energy technologies. The Centres co-operate
with member countriesin the exchange of high quaity
information on energy technologies.

Disclaimer

Neither CADDET, nor any person acting on their

behalf:

(a) makesany warranty or representation, expressed or
implied, with respect to the information contained in
this brochure; or

(b) assumes any liabilities with respect to the use of this
information.

See the whole range of CADDET Renewable Energy projects on www.caddet-re.org
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