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From CO₂ to Clean Fuels

CO₂ and Hydrogen Conversion Pathways to Synthetic Fuels

Capture

Technologies
• Absorption 

• Adsorption

•  Membrane

Conversion Pathways
• Sabatier process

• Methanol synthesis

• Fischer-Tropsch (FT) 
synthesis

Clean Fuel
• E-methane  

• E-methanol  

• FT fuels

Green H₂ Input



E-fuels enable decarbonization 
across multiple sectors

E-methanol
• Marine fuel

• Fuel cell

• Energy storage & transport

E-methane
• Natural gas replacement

• Heating and power 
generation

• Compatible with existing 
gas infrastructure

FT fuels
• Aviation fuel

• Heavy-duty transport 

• Drop-in fuels for existing 
engines

E-fuels enable sector-specific decarbonization
while leveraging existing infrastructure



Why this matters

~193,000 
Annual emissions from energy production

in Central Ostrobothnia

CO₂ Fuel

What if emissions could become fuel?

tons of CO₂



Regional Opportunity

CCU can create economic, industrial, and decarbonization 
value for Central Ostrobothnia

• Supports industrial growth and new investments 

• Strengthens energy system integration 

• Improves regional competitiveness in low-carbon solutions 

• Creates local value from regional CO₂ streams 



Study objectives

• Assess regional CO₂ capture potential  

• Evaluate hydrogen production potential

• Estimate synthetic fuel production potential 

This study evaluates three key components of the CO₂-to-fuel 
value chain:



Methodology & Key Assumptions

Approach & data
• Secondary data + field visits  

• Finnish Energy (2023), Statistics Finland  

• Data gaps validated via direct contact

System boundaries
• CO₂ from energy production only

• Includes district heating electrification & 
future RE demand

• Outputs: methane, methanol, FT fuels 

Hydrogen supply modelling
• Surplus energy used for hydrogen 

production

• 50% industrial demand assumed  

• Scenarios: Low: 25%  (only 25% planned 
projects) | High: 100% RE 

CO₂ supply modeling
• Plants in operation and planned

• 90% capture efficiency 

• Scenarios:  Low (3 sources) | High: (all 
CHP + heat-only + biogas + planned) 



CO₂ capture scenarios

5 kt/y

129 kt/y (biogenic) | 58 kt/y (fossil)
CHP & heat-
only plants

Biogas plants

Future 

development
39 kt/y

• Biogenic CO₂ dominates 
regional supply

• Future projects further 
expand available CO₂

Biogenic CO₂ capture potential: 122–154 kt/y across low and 
high capture scenarios.



Hydrogen production under 
renewable electricity scenarios

Electricity Demand

• Current: ~2,042 GWh

• Industry expansion: ~ 
10,700 GWh total
(50%)

Renewable Supply

• Wind & solar growth

• ~3,030 GWh (current)

• ~22,988 GWh 
(planned)

Surplus Electricity

• Low: none

• High: ~13,276 GWh

• Depends on project 
realization

Hydrogen Production

• Low: negligible

• High: ~279 kt/year

Key insight: Hydrogen production is fully constrained by surplus 
renewable electricity availability



Synthetic fuel production potential

• Output scales with CO₂ availability

• Hydrogen demand varies by 
pathway 

• Hydrogen is not limiting under the 
high renewable scenario

89 kt/y

45 kt/y

39 kt/y

113 kt/y

56 kt/y

49 kt/y

Low scenario | high scenario

Low scenario | high scenario

Low scenario | high scenario

FT fuels

E-methane

E-methanol

H₂: 16.9 → 21.3 kt/y

H₂: 22.5 → 28.4 kt/y

H₂: 16.9 → 21.3 kt/y

Synthetic fuel output is constrained by CO₂ availability, while 
hydrogen supply is sufficient under high renewable scenario.

Key insights



CCU potential is strong but depends 
on key system conditions

Key enablers:
• High share of biogenic CO₂.
• Growing biogas capacity increases 

CO₂ availability. 
• Strong pipeline of renewable 

electricity projects 
• Increasing demand in e-fuels 

(policy driven)
• Compatible with existing 

infrastructures

Key barriers:
• Dependence on renewable 

energy project development
• RE electricity
• Hydrogen

• CO2 capture limited to few 
large sources.

• Infrastructure development.
• Policy uncertainty

Integrated system: Renewable electricity → Hydrogen → CO₂ 
utilization → Synthetic fuels. 
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