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CARBON CHAIN project
• Starting point: In Finland, lack of storages and large biogenic CO2 (BioCO2) 

-point sources provoke establishing carbon capture and usage (CCU) -
value chains

• Aims:
• creating an industrial ecosystem for BioCO2

• building two model value chains: 
1) Capital region (”South Finland”) 
2) Lahti-Lappeenranta region (”East Finland”)

• combining business opportunities with the partner cities’ carbon neutrality targets

• Application examples:
• (1) materials: Carbonaide (concrete)
• (2) food: Solar Foods (single cell protein)
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Introduction

• BioCO2 is produced in anaerobic digestion (AD) and acid fermentation (AF)
• The intermediates produced during the AD process have lately attracted interest as a raw 

materials for various chemicals and biofuels

• The least utilized product of the AD and AF processes is CO2, although it 
could be used in various industrial processes

• One of the case studies in CARBON CHAIN project is CO2 utilization in gas 
fermentation  single-cell protein

• The aim of this study was to evaluate the quality of the gas produced by the 
AF process
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Methods
• Two separate experiments for acid fermentation

• organic fraction of municipal solid waste (OFMSW) and 
separately collected municipal biowaste (BW)

• batch experiments 
• continuously stirred tank reactors (CSTR)
• mesophilic conditions

• Produced gas was analyzed (GC-TCD and portable 
gas analyzer)

• CO2, CH4, H2, H2S

• Further analysis were done at VTT (GC-TCD, FTIR)
• E.g. limonene, nitrous oxide, ammonia
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Results – batch experiment

• CO2 ~ 64 % with OFMSW and ~76 % with BW
• CH4 production was not sufficiently prevented
• Hydrogen concentration less than 2%
• Ammonia and nitrous oxide under the 

detection limits
• Hydrogen sulphide and limonene < 100 ppm
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Results – CSTR experiment (OFMSW)

• CO2 concentration varied 58-63%
• CH4 production was not sufficiently 

prevented
• Hydrogen concentration increased to 

11% at the end of the experiment
• Hydrogen sulphide concentration was 

up to 3%
• Ammonia, nitrous oxide and limonene 

under the detection limits
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Results (batch experiment) – organic acids

• Although CH4 production was not 
sufficiently inhibited, short chain 
organic acids (SCOA) accumulated in 
batches.

• Acetic acid was the most dominant 
followed by propionic and butyric acid

• More acetic and butyric acid were 
produced from BW than from OFMSW

• Other acids had more or less the same 
production with both feeds.
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Conclusions

• With acid fermentation short chain organic acids (SCOA) can be accumulated
• Although the CO2/H2 containing product gas is attractive in many industrial 

processes, the high levels of H2S could hinder the use of the produced gas.
• Another problematic compound found in the produced gas was limonene.
• The production of CH4 should also be prevented more efficiently to minimize 

the need for upgrading the gas.
• As a preliminary result; the gas fermentation experiments with gas from AF 

process gave similar results as pure gas-mix with same concentrations  
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