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Why we are talking about emissions?
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Net-zero CO2 emissions needed by 2050 in 
order to reach < +2°C target 

Transportation
13.5%

Electricity &
heat 24.6%

Industry +
others 26% 

CO2 emissions distribution

Land use change 
18% 

Agriculture & 
waste 17% 

Renewable, 
emission 

free 
electricity 

based 
technology
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Fossiiliset CO2-päästölähteet, 30
suurinta päästökaupassa Suomessa

5

• Terästeollisuus
• Öljyjalostamot
• Voimalaitokset
• Sementtiteollisuus
• Paperiteollisuus

Ei mukana:
Finnair 3 200 000
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Transportation

Seasonal energy 
storage

Chemical
Industry

Steelmaking
industry

Synthetic 
fuels
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Renewable electricity-based hydrogen as an 
energy carrier and industrial feedstock
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CO2 direct capture
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X
1. Direct air capture
2. Direct sea water capture
3. Pipe sources from biomass

2050

CO2

CO2
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CO2 circulation and end products as a future 
business
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Future 
business

Current 
business
Current
business
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Solar PV electricity is cheapest almost 
everywhere in the world

1023.5.2019 Kaasualan neuvottelupäivät



#lutreflex
LUT REFLEX 

Research Platform
1123.5.2019 Kaasualan neuvottelupäivät



#lutreflex
LUT REFLEX 

Research Platform

Synthetic electric fuels are coming – bio-
based fuels are not enough

1223.5.2019

Wood-based bio fuels 
0.6−1.3 €/l

Synthetic price is
decreasing:
a) Solar PV is 

getting cheaper
b) Technology is 

developing
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Potential of bio-based CO2 utilization
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Finland:
10 Mt pulp & paper +
20 Mt bio based CO2

More results:
Electronic paper: http://bit.ly/2Attgu6
PDF format: http://www.neocarbonenergy.fi/wp-
content/uploads/2015/03/NCE_infokortit_web.pdf
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Fuels and Chemicals from 
the Sun and Air 
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100% sustainable future available:
SOLETAIR



SOLETAIR CONCEPT 7 KEYWORDS

SYNTHESIS
IN 

MODULAR 
UNITS

SYNTHETIC NATURAL GAS, 
FUELS, CHEMICALS

CO2 UTILIZATION

CLOSED CO2 CYCLE

SURPLUS ELECTRICITY 
UTILIZATION

DECENTRALIZED 
PRODUCTION 

MODULAR UNITS

PROCESS INTENSIFICATION

SUSTAINABLE PRODUCTS



SYNTHESIS

ELECTROLYSIS
+

POWER 
ELECTRONICSWATER

ELECTRICITY

CO2 EMISSIONS

DIRECT AIR 
CAPTURE

H2

CO2

CxHY

SOLETAIR PROCESS



SOLETAIR PILOT SITE

ELECTROLYSISDAC SYNTHESIS

SOLAR PV PLANT

SUPPLEMENTARY GAS

SOLETAIR SITE WAS OPERATED IN 
SHOWCASE MODE DURING 

SUMMER 2017

1. Air 2. Water

3. Electricity

4. H2 + CO2

CxHy



SOLETAIR TIME-LAPSE VIDEO



Processes in operation



SOLAR POWER PLANT
Carport

Flat roof

Wall

Tracking

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



ELECTROLYSIS OPERATION STABILITY

4.5 kW PEM water electrolyzer

Hydrogen outlet pressure 40 bar

Stack voltage 61 VDC

Stack current 70 ADC

Stack specific energy consumption 
4.4 kWh/Nm3 (48.8 kWh/kg)

363 total operational hours

Constant load during each test 
week.

 Stable production rate

 Stable energy consumption

LUT GRID



DIRECT AIR CAPTURE ENERGY REQUIREMENT: 
89 MJ/kg

POST COMBUSTION
CAPTURE

DAC

10x

2500x

250x

POST COMBUSTION
CAPTURE

DAC

3.4 MJ/kg

89 MJ/kg

26x

HOT WATER

Amine-based adsorber

Adsorption and desorption 
phases

Gas stored in 5 ̶ 5.7 bar(g) 
bundles

312 total operational hours

CO2 concentration 97 – 99%

CO2 CONCENTRATION 
CAPABILITY



MOBILE SYNTHESIS UNIT OPERATION FACTS

Catalytic reverse-water-gas-
shift (RWGS) reactor:
800 °C and 4 bar(a)
0.7 ln/min CO2 feed

Fischer-Tropsch reactor with 
Co catalyst:
230 °C and 20 bar(a)
15 ln/min CO feed

276 total operational hours

100 kg of Fischer-Tropsch 
products



FINAL PRODUCT MASS-% DISTRIBUTION
OIL FRACTION
WAX FRACTION

Fischer-Tropsch products total 
100 kg during test campaigns

ηCO2 = 38%

ηH2 = 73%



SOLETAIR LAUNCH ON 14.6.2017



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

Partners:
Tekes   Gasum INERATEC   ABB   Proventia Trafi

ENE Solar Systems   Hydrocell Woikoski GreenEnergy Finland

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

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




