MARKET

A very robust US market
to be expected in 2005

The Wind Energy Production Tax Credit
(PTC) expired on 31 December 2003,
after a banner year for the US wind
industry. Legislators have finally
extended credit through to 2005. The
new PTC is inflation adjusted and
provides a 1.8 cent-per-kilowatt-hour
tax credit for electricity generated by
wind turbines.

During the first 9 months of 2004, numerous
projects were put on hold. These will now be
put back on the planning agenda. This re-
flects how difficult it is to do business with-
out the PTC. This tax credit undoubtedly
improves conditions to the point where wind
energy is able to firmly compete in a market
where all other energy industries are sub-
sidised. The wind power industry in general
enjoys the strong bipartisan support of the
US Congress, and LM Glasfiber especially
values the relationship with North Dakota
Senators Byron Dorgan and Kent Conrad.
Along with North Dakota Congressman Earl
Pomeraoy, they provide a unified delegation
of support and a strong voice in Washington
DC. By sharing the same goals of increasing
renewable energy production in North
Dakota and the entire United States, LM
Glasfiberlooks forward to continuing close
dialogue with American legislators.

The extension of the tax credit is likely to
generate another 2,000 MW of new wind
power capacity during 2004 and 2005.

According to the American Wind Energy

LM Glasfiber in the US \

Location: Grand Forks, North Dakota
Founded: 1999
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Manufacturing area: 11,160 m2

LM Glasfiber believes in the American market. Capacity has already grown, and more staff will be employed in late
2004 and early 2005.

Association, this puts a 6 per cent target of
US electricity generated from the wind within
reach by the year 2020 — a number that cor-
responds to the amount of electricity gener-
ated from hydropower today.

LM Glasfiber is ready to adapt to its Ameri-
can clients’increased sales. Based in North
Dakota, the North American blade manufac-
turing facilities are ideally situated to service
both the US and the Canadian markets, min-
imising freight costs and transportation time.
Offering dollar-based production with local

sourcing of raw materials adds to the incen-
tives that we can offer our North American
clients to buy rotor blades locally from LM
Glasfiber.

“We expect to continue the investments in
the US facilities during next year to accom-
modate the growing demand,” says Craig
Hoiseth, Managing Director, LM Glasfiber
North America. Mr Hoiseth welcomes the
more positive outlook for 2005: “We have al-
ready started gearing up our production and
expect to increase our staffing during the
rest of this year and the beginning of 2005 to
adjust our capacity.” LM Glasfiber North
America currently produces blades for wind
turbines up to 1.5 MW.



OFFSHORE

Offshore wind turbines
—onwards and upwards

Offshore wind turbine blades are exposed to harsh weather conditions. LM Glasfiber is working on “the maintenance-free blade”.

The wind turbine industry is putting
great efforts into the offshore market.
Authorities, energy companies,
developers and producers are all
aiming to develop more profitable and
reliable wind power solutions at sea.
LM Glasfiber has supplied blades for
offshore wind turbines ever since

the modest beginnings of this market
in 1991.

There is every reason to believe that the
number of offshore wind farms and the
amount of offshore capacity will increase
dramatically in the coming years. In 2003, the

Facts about LM Glasfiber offshore

LM Glasfiber has 13 years' experience in the development
of wind turbine blades for offshore wind farms. LM
Glasfiber supplied the blades for the world's first offshore
wind farm near Vindeby, in Denmark, and by the end of
2003, the company had supplied blades for seven of the
world’s sixteen offshore wind turbine projects.

overall capacity of the sixteen offshore wind
farms around the world totalled 529.8 MW,
about half of which was installed in 2003.

There are more than 150 named offshore
wind farms in the planning stage, and ac-
cording to a forecast by BTM Consult, the
total capacity of installed wind farms will
exceed 8,000 MW by 2008 - fifteen times the
capacity of today.

There are still many challenges to overcome
in connection with a large-scale extension of
these wind farms at sea. Development has
only just begun, and activities in recent years
can be described as the initial stage of gain-
ing experience in large-scale harvesting of
wind resources at sea.

Colin Morgan from the British Garrad Hassan
consultancy company has analysed this de-
velopment: “Today, the capital costs of off-
shore farms are 50-100% higher than similar
installations on land. The operating costs are
also higher, but the improved production
makes up for this. All things considered, off-

shore solutions are nevertheless much more
expensive today than wind turbines on land.
However, larger wind turbines and new tech-
nological solutions will gradually change the
picture and make it far more profitable to
operate offshore wind farms.”

Political focus on offshore wind farms
Although the first offshore wind farm near
Vindeby was established as early as 1991, the
market is not yet ready for the current size of
wind turbines. In 2003, offshore wind farms
accounted for 3% of the total wind energy
market.

The political objectives are worth noting,
however. Estimates based on reports from a
number of authorities in EU countries indi-
cate a total of just under 30,000 MW installed
offshore by 2020.



Right design
for offshore use

The development of advanced tech-
nology for rotor blades helps reduce
the price of establishing and operating
offshore wind turbines — and research-
ers and developers at LM Glasfiber
endeavour to design the “maintenance-
free blade.”

“The challenges of offshore solutions mainly
relate to technical issues such as capacity,
maintenance and reliability,” says Colin
Morgan from Garrad Hassan. “The problems
we had in the past with noise and visual im-
pact on the landscape are less relevant for
offshore farms.”

The technical requirements for offshore wind
farms are considerable due to the harsh en-
vironment in which the turbines have to op-
erate. In addition, there are challenges in
transporting and erecting the tower, blades
and other parts at sea, as well as the repairs
and maintenance of the turbines.

Suitable onshore as well as offshore

As far as the wind turbine blades are con-
cerned, the conditions on land are very much
the same as at sea.

“The wind turbine blades at sea must be cap-
able of withstanding wind, sun, salt water,

snow, hail and ice,” says Jesper Mansson,
Head of Technical Advisory Services at LM
Glasfiber. “The situation is not much different
for land-based wind turbine blade solutions.
Today, we can honestly say that our standard
materials and components are immune to
offshore weather conditions.”

However, there are other great challenges to
wind turbine blades for offshore use. First of

all, the size of the blades increases the risk of
lightning strikes.

“Lightning protection has become standard
technology in both onshore and offshore so-
lutions,” says Mr Mansson. “We have experi-
enced a large number of lightning strikes on
blades in some of the large offshore wind
farms, so it’s absolutely essential that all
blades be equipped with receptors to re-
direct the lightning strikes. The lightning
protection must be effective. It's too expen-
sive to repair or replace blades on offshore
wind farms.”

The maintenance-free blade

Wind conditions at sea are different from
those on land. The mean wind velocity is
strong, but turbulence is low and fatigue
loads are therefore lower. LM Glasfiber has
therefore also endeavoured to design lighter

and cheaper blades that increase energy
production on offshore farms.

“The new, large offshore blades are based

on our FutureBlade technology,” says Mr
Mansson. “This process technology, as well
as the structure and design of the blade,
makes better use of raw material properties.
We also use our SuperRoot technology, which
reduces demands on the root diameter of
the blade, and thus lowers the costs of both
blades and pitch bearings. Design is a de-
cisive parameter for blades for offshore use.”

Repairs and maintenance of blades are also
very costly.

“We're trying to produce a maintenance-free
blade with a combination of design, mater-
ials and lightning protection that will keep
the costs of repairs and maintenance to a
minimum. One of our most important tools is
the LM BladeMonitoring technology, which
ensures that the blades perform as well as
possible. Optical fibres in the blade laminate
measure aspects such as overload, possible
damage and lightning strikes,” says Mr
Mansson.
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OFFSHORE

LM BladeMonitoring tells tales
on blade enemy number one

LM Glasfiber’s new blade monitoring system measures and records all lightning strikes. The lightning protection system withstands the effects of up to 98% of all lightning
strikes and is certified in accordance with CEI/IEC protection level 1.

Wind turbines are often struck by
lightning, and the rapidly increasing
size of the offshore wind turbines is
aggravating the problem.

At any pointin time, there is a thunderstorm
at almost 2,000 locations around the world,
and the sky is lit up by about 100 flashes of
lightning every second. These lightning
strikes discharge large amounts of energy
when they hit the highest points on the
earth’s surface such as large wind turbines.
Currents of up to 200,000 amperes can be
discharged in an instant.

When lightning strikes a wind turbine, it
often hits the blades. For more than ten
years, LM Glasfiber blades have therefore
been equipped with effective protection
against lightning damage. More than 55,000
blades have been equipped with protection
since the system was introduced. With LM
BladeMonitoring, lightning protection has
now become “intelligent”.

Even the earliest lightning protection systems
were able to record the maximum lightning
currents on a magnetic card, which could
then be removed during service and read
using special equipment. LM Glasfiber has
now gone one step further. LM Blade-
Monitoring is equipped with a lightning

sensor that can do a lot more: all lightning
strikes are recorded regardless of their inten-
sity and both rate of rise and specific energy
are measured. The wind farm operator can
have all the collected data sent directly to a
computeron land, or the data can be down-
loaded via a wireless connection to a com-
puter at the foot of the turbine. The operator
is thus able to assess the impact of any light-
ning strikes without first having to stop the
turbine to undertake an actual inspection.

The development of this new sensor system
is the result of many years of intensive re-
search, feedback from LM Glasfiber’s current
lightning recording system based on mag-
netic cards, and extensive full-scale tests in
high current laboratories. A final full-scale
test of the lightning sensor will be carried out
this autumn in a high current laboratory in
Germany, and the sensor will subsequently
be mounted on the two prototype versions of
LM BladeMonitoring now in operation.

Important data

The rate of rise (di/dt) affects the risk of damage to the turbine’s
electrical system as a result of magnetic induction.

Lightning current (I max.) measures the increase in voltage
potential compared with the surroundings. An increase can re-
sultin electrical flashover (spark) between electrical/electronic
systems and cables, depending on the size of the current.
Compared with existing systems that measure | max. by means
of magnetic cards, the new system records all lightning strikes
and not only the most powerful one.

The specific energy (Q) measured by the sensorindicates the
extent of heating, electrodynamic effect, evaporation, impact
damage and acoustic shock. Q (the area beneath the power
curve) provides information about the amount of damage to the
bearings, blades (impact damage to the laminate) and conduc-
tor system. In addition, the system records the time of the strike,
which can then be compared with meteorological data about
recorded lightning strikes.
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Monitoring at sea

Offshore wind farms make demands
on service and maintenance that are
different from demands on similar
farms on land. Access to offshore wind
turbines is more difficult, and in rough
weather, they may be completely
inaccessible for several days.

Even in calmer weather, operation and main-
tenance are more demanding at sea. The op-
eration and maintenance of offshore wind
farms have turned out to be between five and
ten times more expensive than wind farms on
land. The size of the offshore turbines also
makes increased demands on their reliability,
as breakdowns result in expensive loss of
production.

Itis LM Glasfiber's declared aim to contrib-
ute to reducing the price of wind energy, and

the company therefore focuses not only on
optimising design and production of the
blades, but also on their best possible oper-
ation. For this purpose, LM Glasfiber has de-
veloped the LM BladeMonitoring technology
to monitor and ultimately extend the service
life of the individual blade.

Blade monitoring

LM BladeMonitoring creates new opportun-
ities for offshore wind farms. By monitoring
the condition of the blades on an ongoing
basis, the impact of frequently harsh condi-
tions at sea can be recorded and analysed at
an early stage, thus increasing reliable oper-
ation. As a result, unnecessary routine main-
tenance of the blades can be avoided and
repairs can be limited to what is strictly
necessary.

The process data generated by the blade
monitoring system makes it possible to con-
trol blade loads via input to the turbine’s
control system. Any overload of the blades
triggers warnings to the turbine’s control
system. If no action is taken as a result of
these warnings and the overload continues,
an alarm is activated that can stop the tur-
bine. The result is an overload protection
system that prevents damage to the blades.

Other sensor systems monitor the structural
integrity of the blade using optical fibres, and
these also measure and record lightning
strikes to the blades.

Any irregularities recorded by these sensors
trigger eithera warning oran alarm. A warn-
ing means that the service technician should
check the blade when the opportunity arises
to repair any damage before it is too late. If
LM BladeMonitoring issues an alarm, it
means that a critical fault condition has
occurred and that something needs to be
done immediately. On offshore wind farms,
such fault conditions often occur in connec-
tion with lightning strikes, to which the large
offshore turbines are particularly exposed.

LM BladeMonitoring boosts blade reliability
by collecting operating data and analysing

the effects. This helps keep service inspections
to a minimum.

Optimising rotors

LM BladeMonitoring allows constant moni-
toring of the service life of the individual
blades. The monitoring system calculates an
index value, which is 0 for a new blade. When
the index value approaches 100, it means
that the blade has absorbed fatigue loads
corresponding to twenty years of operation.
In real terms, this makes it possible to control
the operation of the wind farm on the basis of
optimum rotor load. At times when produc-
tion needs to be reduced at the wind farm, it
is possible to stop those turbines with rotors
that have absorbed the highest fatigue loads.

Such an extension of the service life of the
rotors, combined with the ability to prevent
and minimise damage on an ongoing basis,
contributes to reducing the price per kilowatt
produced.

Increased energy production

In the long term, the system can contribute to
further boosting the efficiency of the wind
energy production. Utilising the process sig-
nals from the turbine’s control system allows
individual pitching of the blades and opti-
mum control of the loads during operation. In
this way, the flap-wise fatigue load can be
reduced by 15-30%, and the fatigue loads of
the yaw mechanism and tower by 10-30%.
As aresult, the same turbines can be fitted
with larger blades, which in turn increases
production.

Tested for offshore use

All LM BladeMonitoring components have been tested
for the harsh conditions at sea. The optical fibres used in
the system have passed fatigue tests equivalent to twenty
years of operation. The electronic components are
enclosed in a housing that complies with insulation class
IP 67, and all other materials have been carefully selected
and tested during the development phase to ensure
maximum reliability in operation. LM BladeMonitoring

is currently fitted to two prototype turbines. Once the
results of the site tests that are in progress have been
verified, the system will be available as an option in serial-
produced blades.









