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Net-zero CO, emissions needed by 2050 in
order to reach < +2°C target

CO, emissions distribution

World GHG Emissions Flow Chart
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Renewable electricity-based hydrogen as an
energy carrier and industrial feedstock
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Utility-scale PV LCOE (€/MWh) based on average 1Q2019/Y2030/Y2050 CAPEX
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How Bill Gates aims to clean up the
planet

A An artists impression of what Carbon Engineering’s ambitious direct air capture project would look like when
completed. Photograph: Carbon Engineering

It'sa simple idea: strip CO2 from the air and use it to produce
carbon-neutral fuel. But can it work on an industrial scale?

chimneys and ducts on a messy industrial estate outside the logging town

of Squamish in western Canada could just provide the fix to stop the world

tipping into runaway climate change and substitute dwindling supplies of
conventional fuel.

t’s nothing much to look at, but the tangle of pipes, pumps, tanks, reactors,

ENERGIA | Tuula Laatikainen 12.4. klo 14:47

Shell aikoo maailman suurimmaksi
siahkoyhtioksi - synteettisten
polttoaineiden tuotanto kiinnostaa

f

JAA Oljy-yhtiéni tunnettu Shell visioi kasvavansa maailman suurimmaksi
ARTIKKELI

sdahkéyhtisksi 2030-luvulle mennessi. Se tavoittelee erityisesti uusiutuvan

sdhkéntuotannon omistajaksi.

u Tavoitteeseen paistikseen yhtién on tosin hankittava vuosittain omistukseen
valtavia mi#rid uusiutuvaa sihkéntuotantoa tavalla tai toisella. Vuosittain Shellin
m pitiisi kasvattaa sihkéntuotantoaan arviolta runsaat 200 terawattituntia pitiikseen

kiinni linjauksestaan.



Synthetic electric fuels are coming — bio- Bebur
based fuels are not enough

Fuels and Chemicals Production Cost in 2030 (7% WACC)
120

100

113
Wood-based bio fuels
0.6-1.3 €/
,500 ki
@regasiﬁcationﬂ) 70 L
64 62
GtL PtL

60 57

42

€/MWh (HHV)

40 36

446 €/Tonne
644 €/Tonne
389 €/Tonne

22.3 USD/MMBtu
25 USD/MMBtu
27.3 USD/MMBtu

H2 LH2 SNG LNG SNG at dest. MeOH DME NH3

- SNG and PtG-GtL are the cheapest and the most expensive synthetic fuel, respectively.

- the production cost of RE-diesel, RE-methanol and RE-DME are close to each other, however the fuel-parity
(cost competitiveness) depends on their respective market price and CO, emission cost.
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Finland:
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1 / 3 2/ 3 from forest - . Electronic paper: http://bit.ly/2Attqu6
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100% sustainable future available:
SOLETAIR
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SOLETAIR CONCEPT 7 KEYWORDS
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g UTILIZATION
i SYNTHESIS
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MODULAR PRODUCTION
UNITS

- ' MODULAR UNITS
PROCESS INTENSIFICATION

SYNTHETIC NATURAL GAS, SUSTAINABLE PRODUCTS
FUELS, CHEMICALS
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SOLETAIR PROCESS

A CO, EMISSIONS

DIRECT AIR
CAPTURE

ELECTRICITY

+
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ELECTRONICS
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SOLETAIR P”—OT SITE SOLETAIR SITE WAS OPERATED IN

3. Electricity SHOWCASE MODE DURING
£2 A\ SOLAR PV PLANT SUMMER 2017
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SOLETAIR TIME-LAPSE VIDEO
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Processes in operation
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SOLAR POWER PLANT

Carport

Flat roof

Production figures: www.lut.fi/solar
Real time production: solar.cc.lut.fi
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ELECTROLYSIS

PEM STORAGE

206 kW, LUT GRID AC/DC
DC/AC @ M~
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4.5 kW PEM water electrolyzer
Hydrogen outlet pressure 40 bar
Stack voltage 61 V.

Stack current 70 Apc

Stack specific energy consumption

4.4 KWh/Nm3 (48.8 kWh/kg)

363 total operational hours
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OPERATION STABILITY

Constant load during each test
week.

» Stable production rate

> Stable energy consumption
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89 MJ/kg

DIRECT AIR CAPTURE ENERGY REQUIREMENT:

HOT WATER

COMPRESSION
9%

VACUUM
B 1%
Amine-based adsorber CO, CONCENTRATION
CAPABILITY

Adsorption and desorption 2500x 89 MJ/kg
phases
Gas stored in 5-5.7 bar(g)
bundles
312 total operational hours o 3.4 MJ/ke
CO, concentration 97 - 99% POST COMBUSTION DAC POST COMBUSTION DAC

CAPTURE CAPTURE
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MOBILE SYNTHESIS UNIT OPERATION FACTS

RWGS Catalytic reverse-water-gas-
shift (RWGS) reactor:

- 800 °C and 4 bar(a)

DS 0.7 In/min CO, feed
PEM @ g Fischer-Tropsch reactor with
Co catalyst:

D
S

g

80 - :
70 = 230 °C and 20 bar(a)
§ 60 15 In/min CO feed
% 50 -
0 40 { 276 total operational hours
S 30 -
o]
o 20 } 100 kg of Fischer-Tropsch
) 18 ‘ —Week24 —Week26 —Week28 —Week32 pI‘OdUCtS
0:00:00 24:00:00 48:00:00 72:00:00 96:00:00

Time , h after start
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FINAL PRODUCT o . MASS-% DISTRIBUTION

10
SUPPLEMENTARY 28| | % WAXFRACTION
CO =0.92 Nm3/h ' 2 6 f
= 4 |
2
0 10 20 30 40 50
| SYNTHESIS )Z Carbon number
H, = 2.9 Nm3/h 57
6
nCOZ = 38% S 5 \
ELECTROLYSIS 2
nH, = 73% 5 :
5 a=0.9
Fischer-Tropsch products total g1
- 0

100 kg during test campaigns 23 28 3 3B 43 4

Carbon number
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SOLETAIR LAUNCH ON 14.6.2017
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SOLETAIR END PRODUCTS

Oil-fraction Wax Water from air

Candle from wax

Site: www.soletair.fi, so far at least 35 Finnish media hits and more than 100
international media hits.

Discussions: Breakthrough Energy Ventures, Impossible Labs, Suez, Shell,
Andes Mining & Energy Corporate S.A., Nordic Blue Crude AS, other smaller.
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More about the project:

www.soletair.fi

Pictures and videos:
https://lut.pictures.fi/kuvat/LUT+Press+Images/Soletair/
https://lut.pictures.fi/kuvat/LUT+Press+Images/Neo-Carbon+Energy/

Partners:
Tekes Gasum [INERATEC ABB Proventia Trafi
ENE Solar Systems Hydrocell Woikoski GreenEnergy Finland
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