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99 We have the courage to succeed, - -
passion for innovation through science
and will to build well-being.
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Electrification - Basis
ELECTRICITY
1 Storable, unlimited !, clean, low cost,
--> The primary energy source

- Second wave of electrification;

1 Chemical industry, steel industry, cement industry, energy sector,
fransportation, agriculture, ... (target of COP21)



Green electrification E2— system level interactions and impacts

Finance Government -
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Bio CO2 lahteet CO2 sivuvirrat Sahkon tarve
Nr Maakunta MCO2ton  kurnul. TWh kumul. [kumul. %
1 Eteld-Karjala 5,0 5.0 43 43 21%
2 Keski-Suomi 3.6 8,6 31 73 35%
3 Kymenlaakso 3,2 11,8 27 101 495
4 lappi 2.6 14,4 22 123 59%
5  Pohjanmaa 2.4 16,8 21 143 69%
& Pohjois-Karjala 1,9 18,7 16 159 17%
7 Pohjois-Pohjanmaa 15 20,2 13 172 83%
8 Satakunta 15 21,7 13 184 29%
9 Pohjois-Savo 0,7 224 B 191 92%
10 Uusimaa 0,6 230 5 195 94%
Muut maakunnat 14 (2240) 1w 207 100%
Yhteenss 244 | 207




Kaikki CO2ldhteet CO2sivuvirrat Sahkon tarve
Nr Maakunta MCO2ton  kumul. TWh kurmul. (kurnul. %
1 Uusima3s 9,0 9,0 76 76 18%
2 Pohjois-Pohjanmaa 6,6 15,5 56 132 32%
3 Eteld-Karjala 55 21,1 47 179 43%
4 Lappi 4,7 25,8 40 219 53%
5 Keski-Suomi 4.3 30,1 37 256 62%
6 Kymenlaakso 3,8 34,0 33 289 705
7 Pohjanmaa 3,6 37,6 31 320 1%
B Satakunta 2.4 40,0 21 340 82%
9 Pohjois-Karjala 2,0 42,0 17 357 86%
10 Varsinais-Suomi 1,9 43,9 16 373 9%
Muut maakunnat 28 (487 ) = 414 | 100%
Yhteensi 87 | 414
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Finance Government -
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Production of electricity was about 70 TWh/a in 2019

Need of additional clean, cheap electricity is +200-400 TWh/a
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Mission impossible?



Wind power potential in Finland
Existing production of wind power is about 12 TWh/a
In planning phase there are capacities of 37 TWh/a
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Areal balance between demand and supply

Demand Supply
a - ('l
\“9‘?"’”"’"" New transmission lines and
| -%, flexibility markets are inevitable
A\ What is the best way to transfer
o = [ energy —
Transfer of electricity or hydrogen.
PN L doenstu
oo Ml Is there a need to transfer CO, ?
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Operation of System of Systems

Innovation needs, resources and technology readiness levels
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Electricity J

Existing industries (Paper industry, Plastics etc.)

-
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Small and medium size
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Kemira processes needs, District heating (Joutseno)
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Hydrocarbon from
air and sunlight

Electricity from solar
power plant

Production of hydro-
gen from water using
electrolysis

. Synthesis
T Carbon dioxide
recovery from air

N ! e N

Tic A
\TURAL GAS PLASTIC PRODUCTS

Hydrocarbon formed
from synthesis

Hudrocarbons refined
into fuels and
chemicals

End products — gaso-
line, diesel, plastics,
etc.
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