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QXZ Annual German & Swedish wind energy - Swedish and Finnish nuclear energy production
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Can wind make a
significant
contribution?

China 2012:

60 GW of wind =
All electricity from
the China’s 17
nuclear power
plants

China 2013:

75 GW of wind =
150 TWh =
Sweden’s
electriciy
consumtion

China 2014:
115 GW of wind
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o2 The main challenge in Sweden
IS icing, not low temperatures




International influence on OX2”s wind pilot project
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International interest in CC: IEA RD&D Wind, Task 19 meeting in Beijing, Oct 2013

Participants from:
Austria
China

Finland .
Germany -
Sweden ied wi
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Canada
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Large-scale, cost-effective wind energy development in icing climates « Géran Ronsten, OX2 « 8th Québec Wind Energy Conference, Gaspé, April 9-11, 2014
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Technology development for WE in cold climates
Market study required — Available in BTM’s WMU 2012 (Mar 2013)
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Q2 Schematic, estimated de-icing capability 2008
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How to deal with practical issues?

— Operation, maintenance and repair li»

| \
Prod. losses, : Legal
> or Igw Danger? actual & IFa(tjlgueo conside- Repair? In_ o
L2 forecasted? oading ¢ rations operation?
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Anti-icing (40 WT) and icing measurements (13 stations, 11 sites),
Bliekevare, Brahehus, Sjisjka, Glotesvalen and other, 2008-2015, R&D: 7.2 MEuro
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International participation in OX2’s wind pilot project
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International participation in OX2’s wind pilot project
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Turbines keep operating in spite of icing conditions
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International participation in OX2’s wind pilot project
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- Losses during summer time to large compared to the gain during icing conditions

» O&M cost proved to be to high As

* High system costs prese nted
- Component costs and lightning protection

<Lifkne by Vestas at
- It remains unproven that a reasonable lifetime can be achieved W| nte I’Wi nd

» Damage from lightning

2012

Applying

external
panels
isn’t a
proven
technology

Wind. [t means the world to us™
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* No impact on overall turbine performance
— 20 year lifetime maintained

* No impact on lightning protection

» [Easy access for service from the hub

* Active blade de-icing solution

+ Hot Air technology within each
blade root

« Simultaneous de-icing of blades

. and blade root end
+ Automatic system based on : : .
A » Full turbine software implementation
power curve and ambient

conditions » Follow type certificate with a statement

of compliance

Mind_ltmeans.thewoddtous. )
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Q)(Z Challenge 2014/2015 — 30 Vestas V90 equipped with hot air based de-icing

IKEA
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Q)(Z Challenge 2014/2015 — 30 Vestas V90 equipped with hot air based de-icing
Q: Will the power transfered by menas of hot air suffice on Glotesvalen?

Example of an Enercon E82 trying to de-ice during the 2013/2014 season.
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International participation in OX2’s wind pilot project
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International participation in OX2’s wind pilot project
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e Hydro + Nuclear + wind (90%)

e Large part of the rest is CHP
(industrial and distr. heat) =

e Priceis set by the water value =
the expected marginal cost in the
future to which the water could

be stored. =
e Price is not set in Sweden!
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=y Pricing in power systems: -
(i Sweden EEM

Courtesy of Lennart Soder, KTH
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An example of decrease in annual moving average forecast error
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Table 55: Monthly number of hours with icing intensity % > 102 for Nassjo (black = 5x5km
data set, red = 1x1lkm data set).

Example:
Number of
hours of icing
intensity >10g/h,
Nassjo
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QXZ Example: Forecasted energy production
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QXZ International activities to assess the balancing cost

“We are studying these issues as a part of the Icewind project for the four Nordic countries in Nordpool spot power market:
Denmark, Norway, Sweden and Finland. First we are looking at the variability of the wind and the load, country by country
and for all; then at the forecasting done in the four countries and the accuracy and uncertainty of the forecasting.

Lastly we will try to assess the impact of icing on forecast errors. At this point of time we are not sure we will be able to
isolate this issue on a power market level. In any case the answer is approximately one year away.”

So far we have only looked at the cost of balancing for Finland and found a level of 1-1.4 EURO/MWh.

Niels-Erik Clausen, Senior Advisor, Head of Study Board, DTU Wind Energy

“In our project IcedBlades we have the target to identify short term uncertainties. So it connects directly to the first steps

from the results of 2008. There will be a EWEA workshop on forecasting in Decmeber. | am not sure if they are aware of the

problems that we recognize for cc sites. Details here: http://www.ewea.org/events/workshops/wind-power-forecasting/
Michael Durstewitz, Fraunhofer IWES

26 European countries participated in COST 1002, Weather Intelligence for Renewable Energies (but not Sweden)
‘have a look at our website, in particular our Current State report (to be officially published in a couple of months) as well as
the benchmark exercise we are presently involved in. By the way, we will submit tomorrow a new COST Action... May be

the SMHI will find it interesting this time....”
Dr. Alain Heimo, Meteotest
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International participation in OX2’s wind pilot project
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Prefabricated Structural

gravity foundation dynamics and

using high fatigue loads of

strength steel iIced up WT using

cellular current CMS-

reinforcement systems Aim:
Aim: Shorten the Aim: Input for

construction update of IEC

period 61400-1
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Schematic, estimated de-icing capability
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