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GREEN ELECTRIFICATION & P2X ECONOMY
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Electricity production in Finland
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Electricity production in 2022 69
TWh. Nuclear is the biggest source

of electricity.
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Wind power will pass nuclear 2024
In 2023 wind power exceeds exsiting production
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Solar power will support the renewable production
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| be approximately +10% in 2030



gL
University

TWh

800

700

600

500

400

300

200

100

LUT University

POTENTIAL OF GREEN ELECTRICITY PRODUCTION

Wind and solar power potential in Finland

Fingrid estimate
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1)

2)

3)

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 Heikkild, Fingrid
200 GW+.

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

3) Timeline not real estimate, just referential.
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P2X
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Energy systemrtransitign.in Europe

= 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 = [ndirect 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: 900,5
Solar PV prosumers: 964,9
Wind Onshore: 3058,7
Wind Offshore: 1681,6

Electrical m=r, 10 000 TWh/a
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GLOBAL DEMAND FOR CO,

In 2030, the total potential of captured CO2 from point sources that could be utilised is 2112 Mt
annually (T. Galimova et al.(2022))

Shares of potential utilisation of captured CO2 by sectors
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Production of Carbon Neutral Fuels - P2X
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Stl is planning a synthetic
methanol pilot plant in
Lappeenranta, Finland

The energy company Stl is planning the first synthetic methanol plant in Finland next to the
Finnsementti factory at the lhalainen industrial site in Lappeenranta. The Ministry of Economic Affairs
and Employment has granted a funding of EUR 35.4 million to St1's Power-to-Methanol Lappeenranta
project, which aims to produce renewable synthetic methanol to replace fossil fuels used in maritime
and road transport. Stl’s goal in the commercial-scale pilot project is to develop a replicable and

scalable synthetic methanol production concept.

LUT
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CASE LARGE PULP MILL - 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 a4 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 t/h

Elektrolysis

Electricity 2000,00 MW,

Efficiency 75,0 %

AH 286 kJ/mol

l

302 098 kg/h
211 601 Nm®

Oxygen

Cooling reg. 500,0 MW,

Sold Heat 450 MWy,
Temperature 70 °C
Efficiency 90 %

Electrical efficiency 66 % Carbondioxide 276 996 kg/h
Annual energy 16951‘§GWh 564 269 Nm’
2 077 000 tCO./a
Methanol 201673 kg/h
141 067 Nm®
4840 152 kg/d
Annual tn 285 483 Methanolsynthesis 1513 000 tCH;0OH/a
Hydrogen 38064 kg/h Efficiency, Heat 65,0%
423 201 Nm3 Higher HV** 1288,47 NDNCHSOH
285 483 tH,/a C02(g) + 3 Hz(g) — CH30H(g) ‘LOWETH\"** 1114,80 MW cison
igher HV 1500,0 MW, 100,0 % Efficiency
Lower HV 1268,8 MW, aH -50 kJ/mol Electrolysis 55,7 %
Plant 493 %
Annual tn ] Water 113,39 m’h
HHHH kg/h
Cooling reg. 119,52 MWy,
Methanation 42,61 MWy,
Steam condensation 76,90 MWy,
Sold Heat 107,56 MW,
Temperature 325°C
Efficiency 90 %
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SOUTH - EAST FINLAND HYDROGEN VALLEY

Petteri Laaksonen

Research Director, School of Energy Systems, LUT University
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»» Mainly biobased emissions (10.8 Mt/a), located in the

southern part of the area S i /& oo source (M/a)
),\; 3mh a [ | Fossil
t,’ 2 M Biomass
0 25 50 km “ ) Liek ):}"\,\\
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CO; emission facility type (All) (All) Pulp and paper  (All) = 2N/ A
" ﬁ - ,’, 5 {7 /’f /
CO2 type Total  Biogenic Biogenic Biogenic S o @ ) m\ Y/
Lahti a ‘ & / y
Portion of CO; utilized 100% 100 % 100 % 20 % c @ i/ \ Kitee 2
£qQuvol ,_/ / y
CO:2 utilized (Mf) 155 108 9.5 2.2 ~ (e Asavoninar N 4
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i Porvoo viisa J"}Qm’ ; ]
Methanol production (Mt) 11.3 7.8 6.9 16 (\3@9,,\ ) o’/ﬁl
Hydrogen demand (Mt) 2.1 1.5 1.3 0.3 el e o T
78 69 16 Indicative power-to-X electricity demand (TWh) G oLuT

Electrolyser electricity demand (TWh) 112
100% CO2 conversion to methanol University

Fossil+biogenic sources included (>100 kt/a units)
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— TOTAL 17 GW TOTAL 57 TWh
WI N D P OWE R 236w { "\P\M-m ;f”\u 33 %@/ 8.3 TWh { "\Lu._m rﬁ"{\ » o1 \jﬂg;t;/ ,
POTENTIAL B P B, )
»» Scenario approximately 50 % Moving 42GW of energy using power grid vs. hydrogen gas through a pipeline

will be built o 4

»» Mainly located in the northern
part of the area

»» Energy transfer volume of 78
TWh between north and south
Is huge

14 high-voltage transmission lines

1000 m width

.

O -

1 pipelir

20mw

800x800 m turbine placement, 50% realized
6 MW turbine size, 150m hub height

LUT

Uni . 800x800 m turbine placement, 50% realized
niversity

6 MW turbine size, 150m hub height
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NORDIC COUNTRIES
ELECTRICITY SUPERPOWERS
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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.



Thank you!

petteri.laaksonen@]ut.fi
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Competltlv ad\ tes for Finland in P2X

H.:}rg and sparselyapopulated country
ARSI cLErical rl‘/rl]]rlJ]ljgj —_— N e e —

o _31 pased €O, raw me _, h ‘\+_M't< 2 ar nually), equals to 150 M_t_' MeOH & 15 BEUR/a revenue
Cheap electricity compar‘eﬁ to. rest of the Europe. %
~ Very big'potential for new production (wmd and sola'r)‘and fast to ramp- up ,

v

ted people, good education system

rocess industry heritage and skills
LEE

117 S
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SOUTH-EAST FINLAND HYDROGEN VALLEY EU-PROJECT

K J

Energy

N HydogeaMarket

€/MWh €/Mwh €/Mwh €/MWh EU Large Hydrogen
Valley

Fortum
(Large Scale Hydrogen
a Storage, Cave) a Increasing Flnance fOI‘ 20 MEUR
demand ’
oo - majority into industrial
2 .
St1 P2Methanol 100 GWh Kemira Investments
(New built, (existing, Ovako Steel
Lappeenranta) Lappeenranta) (existing, Imatra)
5000 tn H, (:02 5000 tn H; (excess) 3000 tn H,
Electrolyser production Electrolyser production Variable demand
Variable supply
H, MWh H, MWh H, MWh
Gasgrid
Hydrogen pipe line and storage (New built), 35 km
35 MW 150 MW 40 MW
Fingrid

Electricity Grid 110 kV (Existing)
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P2X in Finland — some LUT research
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LAPPEENRANNAN: ~LAHDEN TEKNILLINEN YLIOPISTO LUT
LAPPEENRANTA-LAHTI UNIVERSITY OF TECHNOLOGY LUT

School of Energy Systems J /
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LUT School of Energy Systems

»» Carbon Negative Aland:
7 Strategic Roadmap
LUT Scientific and Expertise Publications / https://lutDUb.|ut.f|/hand|e/10024
/163456
» i tise Publications H
P e e »» Bothnian Bay Hydrogen Valley —
Carbon Negative Aland

>\\\; STRATEGIC ROADMAP : - : » LUT Scientific and Expertise Publications o ResearCh report .
> e e https://lutpub.lut.fi/handle/10024

Bothnian Bay Hydrogen Valley - Hannu Kafjunen, Paivi Siki6, Jukks Lassila, Jullus Vippo, -~ § X X /1 6 3 6 6 7
Research report Otto Raisanen, Eeo Inkeri, Tero Tynjals, Petteri Lasksonen LUT Scientific and Expertise Publications
South-East Finland Hydrogen Valley i
y 10k n, to Laari
y M en, Tir i

S Prlsctropon T »» South-East Finland Hydrogen
B Feasibility Study for Industrial Pilot of Carbon- Va”ey - ResearCh report
[ e https://lutpub.lut.fi/handle/10024
Final report : /164642

» Feasibility Study for Industrial
Pilot of Carbon-Neutral Fuel
Production — P2X
https://lutpub.lut.fi/handle/10024
/162597

S
\/00
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https://lutpub.lut.fi/handle/10024/163456
https://lutpub.lut.fi/handle/10024/163456
https://lutpub.lut.fi/handle/10024/163667
https://lutpub.lut.fi/handle/10024/163667
https://lutpub.lut.fi/handle/10024/164642
https://lutpub.lut.fi/handle/10024/164642
https://lutpub.lut.fi/handle/10024/162597
https://lutpub.lut.fi/handle/10024/162597
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P2X TECHNOLOGIES ™"

»» Commercially available

»» Technology Readiness Level 9

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]

CO:2 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/CO:2 to MeOH [29]
BSE Engineering n.a.’™ [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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Contenes bses avaslable 3¢ “cierochicec

: LAPPEENRANTA-LAHTI UNIVERSITY OF TECHNOLOGY LUT
Journal of Cleaner Production LUT School of Energy Systems

Energy Technology
journal homepage: waw

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

Tansu Galimo Manish Ram, Dmitrii Bogdano

Ashish Gulagi, Hannu Karjunen , Theophilus Nii Oda Hannu Karjunen

U ey, it 34 e, e
ARTICLEINFO nact ANALYSIS AND DESIGN OF CARBON DIOXIDE
e PR L A e UTILIZATION SYSTEMS AND INFRASTRUCTURES
e edic e Fecod iy TECHNO-ECONOMIC EVALUATION OF CARBON

CAPTURE TECHNOLOGIES INTEGRATED TO FL

RENEWABLE ENERGY SYSTEM

1. Ineroduction

Climate change s ane of the greatest threats that humaniy is facing

today. Scieatits have been warning of many negative mpaces such 2=

cising sea levels, increased frequencies of nacural calamities, losz of

bletiverzity amang others ( . 2015). This in tam obligates

the global commusity o losit the global sverage temperatise rise 1o The|

wel e 1.5 °C sbore e il evel. which & e p LAPPEENRANNAN-LAHDEN TEKNILLINEN YLIOPISTO LUT
LAPPEENRANTA-LAHTI UNIVERSITY OF TECKNOLOGY LUT

LUT School of Energy Systems
LUT School of Engineering Sci

cience
LUEECock pE Al sinass . Bk Examiners:  D.Sc. (Tech.) Tero Tynjals
M.Se. (Tech.) Hannu Karjunen
/ - i

ACTA UNIVERSITATIS LAPPEENRANTAENSIS 1048

Katja Kuparinen

TRANSFORMING THE CHEMICAL PULP INDUSTRY -
FROM AN EMITTER TO A SOURCE OF NEGATIVE
CO,EMISSIONS

LUT Scientific and Expertise Publications

Peteri Laaksonen, Hannu Karjunen, Jenna Ruokonen, Arto Laari, ;
Mariia Zhaurova, Sini-Kaisu Kinnunen, Antti Kosonen, Timo Kari,
Tiina Sinkkonen, Tommi Rissanen, Antero Tervonen, Juha Varis

Feasibility Study for Industrial Pilot of Carbon-
Neutral Fuel Production - P2X

Final report

ACTA UNIVERSITATIS LAPPEENRANTAENSIS 870
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