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Hiilidioksidin hyotykaytto Power-to-X —
teknologian avulla
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Tavoitteena hiilitehokkuus ja hiilidioksidin kiertotalous —
hiilesta tuotannon raaka-aine energialahteen sijasta

i NEO N No new CO, emissions - switching to
.22 ENERGY a circular carbon economy
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Maailma sahkoistyy (PtX), kun paastoista halutaan
paaSta eroon Hydrocarbon from

How Bill Gates aims to e Sementtitehtaan paastoista pc "Muutos vahentaa Suomen hiilidioksidipaastoja air and sunlight

planet Shell aikoo maailman suuri Lappeenrannassa suunnitellaa 7 prosenttia” - SSAB lupaa hurjia: Yhden tehtaan RS
shilri ialk<i i . . s g mullistuksesta valtava vaikutus power plant

sahkoyhtioksi - synteettist harvinaislaatuista pilottilaitost )

polttoaineiden tllﬂtallto kii . u 281.2020 12716 | piivitetty 28.1.2020 12:25 TEOLLISUUS TERAS RAAKA-AINEET METALLIT
Professori: "Olemme suuren ai _ . o o 8] Production of hydro-
Terdstehtaat ovat suurimpia hiilidioksidin pddstdjid Suomessa ja Ruotsissa. 0 gen from water using
. . . ) - Toteutuessaan SSAB:n tehdasmuutoksella olisi tuntuvia vaikutuksia koko Suomen O electrolysis
Synteettisesti valmistettaville polttoaineille on maz

pddstdihin.
kysynta, sanoo Lut-yliopisto.

Carbon dioxide
recovery from air

Hydrocarbon formed
from synthesis
Hudrocarbons refined
into fuels and
chemicals

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

S55AB aikoo vihentdi padstojadn. SSAB:n Raahen tehdas on ollut monena vuotena Source: Soletair-project Yie Uutisgrafilkia
suurin yksittdinen hiilidioksidipddstaja Suomessa. Arkistokuva on vuodelta 2017.
KIVA: PETTERI PAALASMAA
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Ruotsalais-suomalainen terdsyhtio SSAB aikoo vdhentdd padstdjddn suunniteltua

I Synteettinen polttoaine 28.1.2020 klo 09.00
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A An artists impression of what Carbon Engineerings ambitious dire |\

complated: FYotagrapit-tarbon Endineerss) i o Oljy-yhtioni tunnettu Shell visioi kasvavansa

sahkoyhtisksi 2030-luvulle mennessé. Se tava, =

It's a simple idea: strip CO2 from the airand

carbon-neutral fuel. But canit work onani aflikontugtannon omistajalesl.

t’s nothing much to look at, but the tangle

chimneys and ducts on a messy industrial

of Squamish in western Canada could just

tipping into runaway climate change and ¢ m
conventional fuel. H kiinni linjauksestaan.

Tavoitteeseen pééstikseen yhtién on tosin hai nopeammassa aikataulussa. Pddtokselld voi olla vdlid koko Suomen paistdjen

valtavia méirid uusiutuvaa sihkéntuotantoa kannalta, silld SSAB on suuri hiilidioksidipa&stdja.

BB CRIEEE LI I ERIGEEREIBIIER  Sementintuotannossa iso osa hiilidioksidipaastaistd aiheutuu sementin raaka-ainddes lupaa hiilidioksidipaastaténta teristd markkinoille jo vuonna 2026. Alun

Finnsementin Lappeenrannar-tehdas. perin fossiilivapaata terdsté piti tuoda markkinoille vasta vuonna 2035.
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Julkiste tuui- ja aurin
hintoja
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Aurinkosahkon PPA-sopimusten hintojen kehitys

NORMALIZED LCOE FOR SOLAR PV BASED ON RECENT PPA PRICES 2016 - Q3 2020

900 MW @ 1.54 € snt /kWh

GULF NEWS ¥
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150 — Dubai’s Dewa gets record-low bid to build solar-power plant
., .
Dubai’s Dewa gets record-low bid
L]
Py to build solar-power plant
[
Tender bid quotes 1.7 cents per kilowatt-hour for Dubai photovoltaic plant
100 —
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File: Visitors lock at the model of Mohammad Bin Rashid Al Maktoum Solar Park in Dubai, at DEWA
pavilion during the Abu Dhabi Sustainability Week 2018 at ADNEC.
SOURCE IEA PVPS, BECQUEREL INSTITUTE - R F News

Image Credit: Abdul Rahman/Gulf News

Lahde: Gulf News
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Power-to-X kemikaalien ja polttoaineiden tuotanto

Air,
Seawater l
Methane Existing chemical industry (Plastics etc.)
Methanol/ ﬁ .
Dimethyl ether R Synthetic
FT-diesel, D emission-free
kerosene & q in fuels:
gasoline y drop-infuels:
* Marine
transportation
« Aviation,
* Working
Ammonia Electricity machines
Heating * Freighting

Cooling
Grid balancing

Existing chemical industry (Fertilizers etc.)
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Sahkosta kemialliseksi energiaksi — vedyn tuotanto
veden elektrolyysilla
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i/ ~__ Summary:
: ” ‘ - Located in Kokkola, Finland
+ Power-to-Hydrogen: 1800 Nm3/h (H,)

+ 3x3 MW pressurized alkaline water electrolyzers, 3x600
Nm3/h, 16 bar (H,)

+ The main use of H, plant is at nearby Cobalt plant,
hydrogen delivery by a pipeline

* The rest of H, compressed to 200-300 bar and stored in
bottles for delivery with trucks

Effect of power quality on energy efficiency of hydrogen
production by water electrolysis: Koponen, J. Koponen, V.
Ruuskanen, A. Kosonen, M. Niemela, and J. Ahola, “Effect of converter
topology on the specific energy consumption of alkaline water
electrolyzers,” IEEE Trans. Power Electron., vol. 34, no. 7, pp. 6171—
6182, Jul. 2019. https://doi.org/10.1109/TPEL.2018.2876636.



https://doi.org/10.1109/TPEL.2018.2876636
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Projekti P2X Joutseno: Teollisen skaalan PtX pilotti
— kannattavuustutkimus ja kehitys

Tavoitteena oli tutkia toteutettavuutta ja kannattavuutta e

Hinnat ja teknologiat perustuvat oikeisiin budjetaarisiin
tarjouksiin.

Paaraaka-aineet:
* Vety (H,) 5 000 t/a, (Chlor-Alkali elektrolyysi), Kemira Chemicals
Hiilidioksidi (CO,) 36 667 t/a, Finnsementti
Lopputuotteet:
Metanoli 26 667 t/a (noin 1000 rekkakuormaa)

Metanolin jatkojalostus dieseliksi, kerosiiniksi ja bensiiniksi kahta
eri reittia Pitkin (MeOH + MTG, MeOH + MTO-MOGD)

LUT:n partnerit hankkeessa:

St1 Oy, Kemira Oy, Wartsila, Finnsementti Oy, Shell Long Term
Research, Neste Oyj, Finnair Oyj.

Lappeenrannan kaupunki
Paikallisia konepajoja
Rahoittajina Etela-Karjalan Liitto, LUT ja yritykset
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P2X Joutseno — tutkitut prosessit

CO, Transport
Cement CcoO,
production
—— > Cement )
Site 1
Site 2
Chlorate ] H2
[ production J ''''''''' > Methanol
— > NaClIO,
e Gasoline
Option Synthesis
Grid Additional water ] MTO- Gasoline
Electricity electrolysis J MOGD Kerosene
Synthesis Diesel

Water 4*[ Demineralization ]
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MeOH + MTG

Total mass flow rate (kg/hr)

Gasoline: 1071
C2: 33
H2: 645

H2504: 1000 Water: 3467

6273
Purge 1: 181
CO2: 4627 Purge 2: 243

H2504: 1001

LPG: 233 =
Purge 3: 44

Thermal power (MW)

Gasoline: 12.8
H2: 21.5

c2: 0.3
LPG: 3.0 I

60% (Gasoline)

75 % (All)

MeOH + MTO-MOGD

Total mass flow rate (kg/hr)

I H2: 647

CO2: 4627

5275

Gasoline: 228
Diesel: 622

Kerosene: 336

Water: 3459

C2: 102
Purge 1: 176

Purge 2: 249

LPG: 59
Purge 3: 44

Thermal power (MW)

I H2: 21.5

Gasoline: 2.6

Diesel: 8.2

Kerosene: 4.3

C2:1.2
LPG: 0.7

20% (K)
70% (G,D,K)
79 % (All)
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Kannattavuustarkastelu

No hydrogen from electrolysis

Base case
Electricity price € MWh) 20 30 40 50
IRR (investor) 14.4 % 13.3 % 121 % 11.0 %
Hydrogen price (€/MWh) 10 15 20 25 30
(€/kg) 0.3 0.5 0.6 0.8 1.0
IRR (investor) 16.7 % 121 % 7.3 % 21 % -3.9 %
Total investment -30 % “15 % 0% 15 % 30 % Note that base case includes a 15% reserve
(reserve)
IRR (investor) 43.9 % 274 % 18.2 % 121 % 7.8 %
Gasoline (€/tn) 1000 1200 1300 1400 1600 1800 Fossil price + biofuel premium. German biofuel premium price
_ . . . . . . has been above 400 €/tonCO2 between early November 2019
IRR (mvestor) 9.1 % 3.0% 7.7 % 121 % 20.5 % 28.4 % and late ApriI 2020 (STX, 2020)_
Debt rate 1% 2% 3% 4% 5%  Debt ratio is assumed to be 70% of total investment after
IRR (investor) 13.3 % 12.1 % 11.0 % 10.0 % 909 Subsidies
O&M 2% &3% 3%&4% 4% & 5% Operation as % of actual revenue, maintenance as % of
technical investment
IRR (investor) 121 % 7.8 % 3.3 %
Operation time (h) 6000 7000 8000
IRR (investor) 22% 7.4 % 121 %
Investment subsidy (TEM) 30 % 40 % 50 %
IRR (investor) 9.1 % 121 % 15.9 %
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Sahkosta ruokaa

Neo-Carbon Food is a microbial process. Protein production takes place in a reactor

T H E P R | N C | P L E suitable for microorganisms to grow and divide. The energy of the process is electricity,

and carbon dioxide is the carbon source.

NUTRIENTS & CARBON DIOXIDE

WATER VITAMINS CAPTURE
(0 C# ) [ co, |«
A
¥ ¥ ¥ 1

LI

co,
NEO
CARBON
RENEWABLE BIOPROCESS PROTEIN FOOD FOOD
ELECTRICITY

www.neocarbonfood.fi 15






Teknologiateollisuuden A 1 'jlll'.,l I . Neo_Carbon Food _" h 0O

100-vuotissaatio

JANE AND AATOS OIBECFI?REXJD R 4 6 at LUT Lappeenranta campus 2
KRG TOUNDATION R e ~ https://lwww.youtube.com/watcl
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NEO
CARBON
MATERIALS

Neo-Carbon Materials — Puhtaalla sahkolla
hiillidioksidista grafeenia, nanoputkia ja grafiittia

Renewable . Graphene
electricity nanotubes

whe,
> -

- -

Fig. 4. SEM images of the main product. Nucleation was used in experiments 1-3 (a)-

G

(c), and experiments 4-6 (d)-(f) were conducted without initial nucleation step (0-30 min).

co ele Ctl’0|ySIS Oven temperature was set to 800°C. LipCOg salt was used. The duration of electrolysis
2

GOLDBRUIN
4 o

was 4 hours, excluding nucleation. Current used was 10 A. In experiments 1 (a) and 4 (d)

electrode was unused, and in other experiments cathode had been previously used.

Teknologiateollisuuden
100-vuotissadtio

JANE AND AATOS . .
- www.neocarbonmaterials.fi
ERKKO FOUNDATION 19
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