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In order to achieve <2 °C target net-zero GHG 

emissions required by 2050
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Circular carbon economy as an objective
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The electricity system as the primary 

energy system
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FLEXIBILITY

http://www.neocarbonenergy.fi/library/reports/



Solar and wind electricity
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Learning curves in mass produced energy 

technologies

615.1.2020 Jero Ahola

Photovoltaics Report, Fraunhofer-ISE, Germany, 27.8.2018 O. Schmidt, A. Hawkes, A. Gambhir & I. Staffell, The future cost of electrical energy storage based 

on experience rates, Nature Energy volume 2, Article number: 17110 (2017) 

Solar PV module learning curve Electricity storage learning curves

LR~24%



Capacity factor still increasing in wind 

power 
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CF 63%



Development of solar PV PPA prices
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Trends 2019 in Photovoltaic Power Applications, IEA PVPS, www.iea-pvps.org



Recent PPA auction prices of wind & solar
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Mexico

16 €/MWh 

USA

22 €/MWh

Germany

40 €/MWh 

Saudi-Arabia

21 €/MWh 

UAE

21 €/MWh 

Spain

39 €/MWh 

South Africa

46 €/MWh 

Chile

19 €/MWh 

Australia

35 €/MWh 

Australia

35 €/MWh 

Morocco

27 €/MWh 

India

31 €/MWh 

India

32 €/MWh 

USA

65 €/MWh 

Denmark

50 €/MWh 

Germany

43 €/MWh 

Mexico

16 €/MWh 

USA

37 €/MWh

Peru

42 €/MWh 

Solar PV

Onshore 

wind 

Offshore 

wind 

Finland

25-35 €/MWh 

France

52 €/MWh 

Portugal

15 €/MWh 



Power-to-X fuels, chemicals 

and food
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Intercontinental flights will not be realistic 

in medium term without chemical fuels
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Electric flights at distances < 600 nmil (1100 km) 

~15 % of total fuel consumption of battery energy 

density 800 Wh/kg will be reached
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Source: Andreas W. Schäfer, et. Al., Technological, 

economic and environmental prospects of all electric 

aircraft, Nature Energy, Vol. 4, February 2019, pp. 160-

166.
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“The conclusion is obvious. To have an electric ship

whose batteries and motors weighed no more than the

fuel (about 5,000 metric tons) and the diesel engine

(about 2,000 metric tons) in today’s large container

vessels, we would need batteries with an energy

density more than 10 times as high as today’s best Li-

ion units. That’s a tall order indeed: In the past 70 years

the energy density of the best commercial batteries

hasn’t even quadrupled.”

Chemical fuels will be needed 

also in marine transportation 

Source: Vaclav Smil, Electric container ships are a hard sail, IEEE Spectrum, 27th

February, 2019.  



Methane (CH4)
 Can be used as a transport fuel and seasonal storage (gaseous form or liquefied)

 Simplicity - the synthesis process can produce pure methane

 Strong greenhouse gas, non-toxic

Different PtX fuel and chemical options

Methanol (CH3OH)
 Liquid fuel at standard conditions, easy to store and can be used as drop-in fuel

 Important role as feedstock in chemical industry, e.g. route to plastics with methanol-to-olefins (MTO) synthesis

 Toxic and corrosive

Dimethyl ether (C2H6O)
 Synthesis from methanol with e.g. silica alumina catalyst

 Direct replacement to diesel, high cetane number ~60 (diesel ~50), non-toxic, not greenhouse gas 

 Gaseous at standard conditions, can be stored as liquid form at 0.5 MPa, (@20 C, ρ=0.67 kg/l, LHV = 28.5 MJ/kg )    
Ammonia (NH3)
 Fertilizer and feedstock for chemical industry, toxic, flammable gas

 Can be used also as energy storage and fuel (energy denisity ~11.5 MJ/l)

 Air as a source of nitrogen (78 % of N2) available everywhere 

Fischer-Tropsch products (CnH2n+2) 
 Produces different hydrocarbon chains (CnH2n+2) where n is typically 10-20.

 With hydrocracking these can be further refined to direct replacements of fossil fuels

 Starting point is syngas, it has to be first produced with reverse-water-shift-gas 

reactor from H2 and CO2

Hydrogen (H2)
 Can be used in fuel cells or as a mixture with methane in combustion engines

 Energy efficient to make, just water electrolysis needed

 Non-toxic, not greenhouse gas, storage may be problematic (e.g. pressurized, liquefied, etc.)

15.1.2020 Jero Ahola



The diagram of power-to-methanol

Summary:

• Water electrolysis: 𝜂el ≈ 80 % (HHV)

• Waste heat at temperature level 70-80°C

• Methanol synthesis: CO2 + 3H2 → CH3OH + H2O

• Copper and zinc-based catalyst, 150-200°C, 

50-100 bar 

• Distillation needed to separate methanol from 

water, the steam produced by the synthesis 

can be used for this purpose

• Methanol-DME synthesis: 

• Silica-alumina catalyst

• Power-to-Methanol/DME efficiency ≈ 50-55 %

Hybrid PV-Wind & Battery Power-to-Methanol/DME Methanol/DME
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Power-to-H2 in Kokkola, Finland

Summary:

• Located in Kokkola, Finland

• Power-to-Hydrogen: 1800 Nm3/h (H2)

• 3x3 MW pressurized alkaline water 

electrolyzers, 3x600 Nm3/h, 16 bar (H2)

• The main use of H2 plant is at nearby Cobal

plant, delivery with a pipeline

• The rest of H2 compressed to 200-300 bar 

and stored  in bottles for delivery with trucks
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How to improve significantly the energy efficiency of 

water electrolysis -> Koponen, J., Ruuskanen, V., Ahola, 

J., et. al., Effect of Converter Topology on the Specific 

Energy Consumption of Alkaline Water Electrolyzers, IEEE 

Trans. Power Electron., 34, pp. 6171-6182.



Power-to-Methanol, Carbon Recycling 

International - George Olah plant

Summary:

• Located in Svartsengi, 

Iceland

• Power-to-methanol: 4000 t/a  

(CH3OH)

• Pressurized alkaline water 

electrolyzers, 1200 Nm3/h 

(H2)

• Methanol synthesis: solid 

copper and zinc oxide 

catalyst, 250°C, 100 bar

• The methanol is blended with 

gasoline and sold e.g. in 

Iceland

George Olah’s P2Methanol plant Usage routes of Methanol 

Source: CRI Presentation, CO2-to-Methanol: Nordic technology with global application, available at: 

https://www.iea.org/media/workshops/2017/cop23/presentations/171115NordicCRI.pdf
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Project P2X Joutseno, 10/2019->: Industrial-scale 

PtMeOH demo plant – Feasibility study and 

development 

• Industrial scale pilot plant in Joutseno, Lappeenranta

• CAPEX: 40-50 M€

• Raw materials:

• Hydrogen (H2) 5 000 t/a, (Chlor-Alkali electrolysis), 
Kemira Chemicals

• Carbon dioxide (CO2) 36 667 t/a from Finnsementti

• End products:

• Methanol 26 667 t/a (appr. 1 000 truck loads)

• Can be further processed to e.g. gasoline, kerosene 
(aviation), diesel (to be studied)

• Partners with LUT:

• St1 Oy, Kemira Oy, Wärtsilä, Finnsementti Oy, etc.

• City of Lappeenranta

• Local SME engineering workshops
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SOLETAIR – Fuel from the air

1. Air

2. CO2

3. H2O

Products:
• fuels

• chemicals
replacing the  

ones currently 

refined from fossil 

oil & gas 

5. H2

4. Electricity

Vidal Vázquez, F., Koponen, J., Ruuskanen, V., Bajamundi, C., Kosonen, A., Simell, 

P., Ahola, J., Frilund, C., Elfving, J., Reinikainen, M., Heikkinen, N., Kauppinen, J., 

Piermartini, P. (2018). Power-to-X technology using renewable electricity and carbon 

dioxide from ambient air: SOLETAIR proof-of-concept and improved process concept. 

Journal of CO2 Utilization, Vol 28, p. 235-246. 

6. Power-to-X products
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SOLETAIR – Power-to-X site at LUT Lappeenranta campus in 2017 – www.soletair.fi



PtX fuels are scalable, will be probably 

cheaper than biofuels, and do not need arable 

land
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Source: http://www.neocarbonenergy.fi/wp-content/uploads/2016/02/13_Fasihi.pdf

https://www.theguardian.

com/environment/2018/f

eb/04/carbon-emissions-

negative-emissions-

technologies-capture-

storage-bill-gates
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Jani Sillman, Lauri Nygren, Helena Kahiluoto, Vesa Ruuskanen, Anu Tamminen, Cyril 

Bajamundi, Marja Nappa Mikko Wuokko, Tuomo Lindh, Pasi Vainikka, Juha-Pekka 

Pitkänen, Jero Ahola, “Bacterial protein for food and feed generated via renewable

energy and direct air capture of CO2: Can it reduce land and water use?”, Global Food 

Security, Vol. 22, Sep. 2019, pp. 25-32. 



Food from electricity
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www.neocarbonfood.fi
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Neo-Carbon Food – pilotin

in situ bioreaktori, LUT, 

30.4.2019

Neo-Carbon Food – Food from electricity pilot 

at LUT Lappeenranta campus in 2019

https://www.youtube.com/watch?v=KTEEmRcShBw



Photo taken on 19.6.2019 at 11 pm from International PtX Workshop in 

Lappeenranta, Finland. Co-arranged with EERA JP ES.


