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GREEN ELECTRIFICATION & P2X ECONOMY




¢ W
vantages for Finland in P2X

llated country

Competitive

als to 150 M'tLMeOH‘E 15 BEUR/a revenue

'aI for new productlon (Wlnd and"solar) ‘and fast to raM

ted people, good education system




I/
\

Electricity production in Finland
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Electricity production in 2022 69

TWh. Nuclear is the biggest source Wind power will pass nuclear 2024

In 2023 wind power exceeds exsiting production

of electricity.
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Solar power will support the renewable production
will be approximately +10% in 2030
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POTENTIAL OF GREEN ELECTRICITY PRODUCTION

Wind and solar power potential in Finland

Fingrid estimate

Investments in energy production
approximately 400 BEUR

1) Based on Actual Grid Connection Request in Finland. Source:
Energy transmission infrastructure as enabler of hydrogen economy
and clean energy system. Fingrid and Gasgrid Finland’s joint
project, 15 March 2022. Updated 10.1.2023, Mikko Heikkila, Fingrid
200 GW+.

2) Fingrid estimates 300 TWh wind production to Finnish system
(Mikko Heikkila, Bryssels, 9/2022)

3) Timeline not real estimate, just referential.



Gross electricity production from renewable energy sources in Germany

and target values accoring to new renewable energy law (EEG 2023)
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target values for the years 2021 and 2022 according to EEG 2021, target values for the years 2023 to 2030 according to EEG 2023
Source: Working Group on Renewable Energy-Statistics (AGEE-Stat); as of February 2023
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NORDIC ELECTRICITY SUPERPOWERS

« Total renewable electricity potential in Finland exceeds 1000 TWh, representing 10% of
the electricity demand in EU.

* Combined with Sweden and Norway, the potential could be 3500 — 4500 TWh, covering
35- 45%% of the European electricity demand of 10 000 TWh

 New P2X investments will be located neat the electricity production. Investments in
synthesis of methanol, ammonia and other P2X products exceed investments in electricity
generation.

 Total investments exceed 1000 BUER in Nordic countries.
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Energy systemrtransition.in Europe

Electrical
energy

Hydrogen
economy is a
subset of
power-to-X -
economy

University

= Zero CO, emission low-cost energy system is based on electricity
= Core characteristic of energy in future: Power-to-X Economy

= Primary energy supply from renewable electricity: mainly solar PV and wind power
= Direct electrification wherever possible: electric vehicles, heat pumps, desalination, etc.
Europe - RES-2040 2050 = Indirect electrification for e-fuels (marine, aviation), e-chemicals, e-steel; power-to-hydrogen-to-X

Solar PV fixed tilted: 4583,6
Solar PV single-axis: 800,5

Solar PV prosumers: 964,3
Wind Onshore: 3058,7

ACCELERATING THE EUROPEAN
Direct: 4657,3

Power: 2266,3 RE“E"ABLE

ENERGY
— _ TRANSITION
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P2X
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___ CASE IMATRA MILLS - METHANOL PRODUCTION

»» Annual biobased CO2
emissions 2,1 Mt (2017)

»» Chemical scrubbing
(amine, 40 - 140 °C)
»» CO2 capture efficiency 98%
»» CO2 capture purity >99

» Electrolyser 2 GW
»» Annual electricity 17 TWh

»» Green Methanol
production 1,5 Mt/a

»» Value a 1000 EUR/tn
- 1,5 Mrd EUR/a

Utilization time 7500 h/a

Electricity 2260,15 MW,

Elektrolysis  2000,00 MW,

Auxiliaries 260,00 MW,

Own use 0,15 MW,

Water 340,8 m’h

340,2 th

Elektrolysis

Electricity 2000,00 MW,

Efficiency 75,0 %

AH 286 kJ/mol

|

Oxygen 302 098 kg/h

211 601 Nm’

Cooling reg. 500,0 MWy,

Sold Heat

Temperature
Efficiency

450 MW,
70 °C
90 %

201 673 kg/h

141067 Nm®
4840 152 kg/d
1513 000 tCH;OH/a

1288,47 MW c30n

1114,80 MW cson
55,7 %
493 %

Electrical efficiency 66 % Carbondioxide 276 996 kg/h
Annual energy i 16951EGWh 564 269 Nm’
2 077 000 tCO,/a
Methanol
Annual tn 285483 Methanolsynthesis
Hydrogen 38064 kg/h Efficiency, Heat 65,0 %
423201 Nm’ Higher HV++
285 483 tH,/a CO,(g) + 3 Ha(g) — CH30H(g) t—'Lm\-erH\‘**
igher HV 1500,0 MW, 100,0 % Efficiency
Lower HV 1268,8 MW, AH -50 kJ/mol Electrolysis
Plant
Annual tn HitHH Water 113,39 m’h
Hit##HHH kg/h
Cooling reg. 119,52 MW,
Methanation 42,61 MW,
Steam condensation 76,90 MWy,
Sold Heat 107,56 MWy,
Temperature 325°C
Efficiency 90 %
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P2X In Finland — some LUT research
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Feasibility Study for Industrial Pilot of Carbon-
Neutral Fuel Production -
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Carbon Negative Aland:
Strategic Roadmap
https://lutpub.lut.fi/handle/10024
/163456

Bothnian Bay Hydrogen Valley —
Research report
https://lutpub.lut.fi/handle/10024
/163667

South-East Finland Hydrogen
Valley — Research report
https://lutpub.lut.fi/handle/10024

/164642

Feasibility Study for Industrial
Pilot of Carbon-Neutral Fuel
Production — P2X
https://lutpub.lut.fi/handle/10024

/162597
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P2X TECHNOLOGIES ™™

»» Commercially available

»» Technology Readiness Level 9

Feasibility Study for

L~ Final report

trial Pilot of Carbon-

Neutral Fuel Producti P2X
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Technology Supplier Technology type Reference
Cummins Alkaline, PEM [21]
Green Hydrogen Systems Alkaline [22]
Hydrogen Pro Alkaline [23]
ITM Power PEM [24]
McPhy Alkaline [25]
NEL Hydrogen Alkaline, PEM [26]
Siemens PEM [27]
Sunfire Alkaline, SOEC [28]

COz capture Air Liquide Engineering & Construction Cryogenic [29]
Aker Carbon Capture Amine [30]
Carbon ReUse Water [31]
GE Power Amine, oxy-combustion [32]
Mitsubishi Heavy Industries Amine [33]
Shell Amine [34]
Toshiba Energy Systems & Solutions Cor- Amine [35]
poration

MeOH synthesis  Air Liquide Engineering & Construction Syngas/CO2 to MeOH [29]
BSE Engineering na.'’» [36]
Carbon Recycle International CO; to MeOH [37]
Johnson Matthey Syngas to MeOH [38]
Mitsubishi Gas Chemical Syngas to MeOH [39]

Fuel synthesis Chemieanlagenbau Chemnitz MTG [40]
ExxonMobil MTG [41]
Haldor Topsge MTG, syngas to gasoline [42]
Sunfire Fischer-Tropsch [28]
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P2X & Carbon Dioxide

LAPPEENRANTA-LAHTI UNIVERSITY OF TECHNOLOGY LUT
LUT School af Encrgy Systems
Encrgy Technology

Journal of Cleaner Production

Journal homepage: wiwiw.akavier cormiccateciepes
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Global demand analysis for carbon dioxide as raw material from key ==
industrial sources and direct air capture to produce renewable
electricity-based fuels and chemicals
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1. Introduction
The legal framework st by the Paris Climate Agement [1] calls for practical techno-

i both the E 'Vnsom (EL) and

the rational levels. The ultimate target of the EU is to gradually achieve carbon neuteality
by 2050 (2] The ssalisation of considerable enission feductions axquites marked oo
figuration of the energy sector. The roke of hydeogen in the energy transition has gained
significant slefest, and the question of whether 10 use &niewable electricity difctly as 3
sourte of power of 1o hydrogen via the electroly of watef femans
unresolved. The direct use of electricity in battery electric vehickes is the most energy
efficsent option, and this can be resdily obverved by comparing the overall welb to-wheels
efficiencies of fully electsic vehicks and intermal combuustion engine vehicks. Afier taking
pewer s fuel production, distrabution, retail, and vehick lowmes into sccount, the well-to-wheels
effictency of fossil huel i by 25-29°%, while
e corresponding figuate for batkery electric vehickes changed with rerew able clectricity i

Fracrses ST 9,108 b/ / ek oy 10,0990, et 1006 [ T —



