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Different options for energy storage
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Large-scale fossil free feedstock
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Power to methanol
Efficiency
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Power to Methanol

Electrolysis efficiency references:
Buttler, A. & Spliethoff, H.: Current status of water electrolysis for energy storage, grid balancing and sector coupling via 
power-to-gas and power-to-liquids: A review , Renewable and Sustainable Energy Reviews 82 (2018) 2440-2545. 
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Process efficiency:

P. Galindo Cifre and O. Badr, Renewable hydrogen utilisation for the production of methanol, 

Energy Conversion and Management, 48 (2007) 519-527.



25.2.2019

Annukka Santasalo-Aarnio

12

CO2 flue gas

CO2 air

Natural gas Pretreatment Steam reforming

Methanol 
synthesis

Distillation Methanol

CO2

Ƞ = 0.75

Ƞ = 0.46

H2O

Electrolysis

AEC 56

PEMEC 53

SOEC 79

Process efficiency:

P. Galindo Cifre and O. Badr, Renewable hydrogen utilisation for the production of methanol, 
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OPEX costs for Methanol plant
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J. Nyari, Master’s thesis: Feasibility study of a methanol plant using 

CO2 and H2 for industry decarbonization (2018)



Why have we not 
done this before?



Thermodynamics – Heating value (HHV)
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Engineerign toolbox; 

For Fuels:https://www.engineeringtoolbox.com/fuels-higher-calorific-values-d_169.html

For other: https://www.engineeringtoolbox.com/gross-net-heating-values-d_420.html

MJ/kg



Higher heating value (HHV)
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For Fuels:https://www.engineeringtoolbox.com/fuels-higher-calorific-values-d_169.html
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Work against 
thermodynamics

-
When reasonable?
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P. Galindo Cifre and O. Badr, Renewable hydrogen utilisation for the production of methanol, 

Energy Conversion and Management, 48 (2007) 519-527.



Effect of CO2 price 

25.2.2019

Annukka Santasalo-Aarnio

20

MeOH market 
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J. Nyari, Master’s thesis: Feasibility study of a methanol plant using 

CO2 and H2 for industry decarbonization (2018)
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Effect of selling O2 as a by-product
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Reasonable with synergies
Within industry:

- Side stream H2

- Steam/heat (to release CO2)

- Very low electricity cost 

- Island mode-systems

- The whole value chain

Politically:

- Additional support for CO2 utilization

- High price/no availability for fossil 

- Categorization for CO2 based 

fuels/products?
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