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International cooperation started at EWEC in Madrid 1990

(based on some earlier contacts during EWEC in Glasgow 1989)

Reasearch in
Wind Energy in
Cold Climates
started >30 years
ago

Brain storming in Madrid; from left:

Markku Autti (Kemijoki Oy, FIN), Esa Peltola (VTT, FIN), Paul Kenyon (NRG Systems
Inc., USA), Henry Seifert (DEWI, GER), Georg B6hmeke ( Aerodyn GmbH, GER),
Bengt Tammelin (FMI, FIN) and the taker of the photo Shigeo Kimura (KAIT, JPN).



Legend Initiator: FMI/ BT
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A summary by
FMI of the first

| IEA “WTs in cold climates”; VTT (FIN) et al.
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The smallest EU research project details see: http://www.ilmatieteenlaitos.fi/research_meteorology/meteorology_7.html
project ever. FMI + DEWI
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PLUGGED IN.
Now WHAT/ j\ We've still got

problems in cold
climates




Tromso
o

Murmansk
MypmaHck
orska havet o
Aapua 4, Overtornea, V...
Rovaniemi weopn-=
o
rgg;tg’q;get Pelle, Be...
£
BN
< o
Norge £ Finland
£
3
Sankt
Petersburg

Helsingfors
®

Oslo CaHkT-leTepbypr
® o

Stockholm Taginn
®

Estland

Ostersjon
+ /I\ Assjo 1 Ella, Aneby, S...

Rigae Lettland

Nordsjon

Litauen

Danmark ,I:l\

- Vilnius

Hamoburg } I
o 8 Belarus

©Moskva
Mockea
RO) -t

m/s kW
40 2000

30 1500

20 1000

10 500

202101210145

Wd
bhnemeeo o e an o a ALAANN L

0 0
2345678 91011121314151617181920212223 0 1
m/s kW 20210121 1008
40 2000
30 1500
20 1000
oot aaf M AA AN A QA ANNY,
11121314151617181920212223 0 12 3 4 56 7 8 910
m/s kW 20210122 0401
40 2000
30 1500 /V
20 1000 rf
10 500 w A
0o o0 AAAA"AAA‘\AAA“AA
789

56 10111213141516171819202122230 1 2 3 4



Norge

Oslo
®

Danmark

Hamburg
o}

/i\ Kemmetberget Pellt;, Be...

Stockholm
®

,i\ i

ﬁ

l\ Assjo 1 Ella, Aneby, S...

Murmans k
MypmaHck
ua 4, Overtornea, V...
gvaniemi
o
Finland
Sankt
Helsingfors Petersburg
© CaHkT-lleTep6ypr
o]
Tallinn
®
Estland

Rigae Lettland

Moskva
MockBa
®

Litauen
Vilnius
® ! Minsk
MiHck
®

Belarus

January 2021 [MWHAh]

T1:-4,7 13:-7,4

12:-6,4 T4:-7,7

We ought to have had
300 - 400 MWh from
each WT.

They were all iced up.

For weeks and
months.



LLAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 15.0

Levelized Cost of Energy Comparison—Unsubsidized Analysis

Selected renewable energy generation technologies are cost-competitive with conventional generation technologies under certain circumstances

Solar PV-Rooftop Residential $147 _ $221

e s it still cheap

Solar PV-Crystalline Utility Scale'" $30 - $41

[ ]
Solar PV-Thin Film Utility Scale"’ $28 . $37 If We’ re
v [ +=

Solar Thermal Tower with Storage

Renewable Energy

Geothermal $56 $93

= _-mm- - standing still?

Gas Peaking $151 _ $196
- ™
Gas Combined Cycle $45 - $74 & &
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Levelized Cost ($/MWh) ]
Source Lazard estmates.

Note Here and throughout this presentation, unless otherwise indicated. the analysis assumes 60% debt at 8% interest rate and 40% equity at 12% cost. Please see page titled “Levelized Cost of Energy Comparison—Sensitivity 1o Cost of Capital® for cost of

Conventional




We need to
find new ways




Wind and Solar Generation in Europe

terawatt hours (monthly)
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PV and Wind are
complementary



There’s a huge
demand for
storage and grid
system services




