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1.Introduction
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Biogas production
• Mainly produced via anaerobic digestion

• CH4 content variable from 45 to 75 vol%

• The remaining is wet CO2 with traces of 
NH3 and H2S

• Upgrading is necessary for applications of 
bio-CH4 as fuel or transport (either gas o 
liquid)

European Biogas Association - https://www.europeanbiogas.eu/
IEA - https://www.iea.org/reports/outlook-for-biogas-and-biomethane-
prospects-for-organic-growth/an-introduction-to-biogas-and-biomethane Source: VectorMine / Getty Images
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Biogas production

Source: IEA

• Upgrading is crucial to 
meet specs for 
transport in the NG grid

• Upgrading is also 
relevant for liquefaction
and delivery (supply 
chain)
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SEMPRE-BIO project

• SEMPRE-BIO aims at demonstrating novel 
and cost-effective bio-CH4 production 
solutions to support the circular economy 
and reduce dependence on fossil fuels

• Biomethane production tested in 3 demo 
plants across Europe accounting for 
different feedstocks

SEcuring
doMestic
PRoduction of 
cost-Effective 
BIOmethane

Total funding
€ 9 926 450

HORIZON-IA
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Case studies

Source: SEMPRE-BIO webpage

Aigües de Barcelona,
Barcelona, Spain

Terrawatt,
Marmagne, France

De zwanebloem,
De Panne, Belgium

Bio-CH4 synthesis/production Biogas upgrade and 
bio-CH4 Liquefaction
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2.Processes
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CS1
Direct biomethanation of 

biogas

Aigües de Barcelona,
Barcelona, Spain
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BFD CS1 

• Direct biomethanation of 
biogas to bio-CH4

• Application for transport 
engines burning bio-CH4

• Simulation in COFE V3.10, 
license-free simulation 
software by AmsterChem

CNG (compressed natural gas) is 
delivered at 20 MPa with a residual CO2

of max 3 vol%, compatible with the 
internal combustion engine requirement 

Technology provider:
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CS2 Terrawatt,
Marmagne, France

Bio-syngas biomethanation
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BFD CS2 

• Biomass gasification
followed by 
biomethanation of 
syngas

• Simulation in COFE 
V3.10, license-free 
simulation software by 
AmsterChem

Technology provider:
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PFD
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Modelling of pyrolysis

Scan and read the 
open-access
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CS3 De zwanebloem,
De Panne, Belgium

Biogas upgrade and 
bio-CH4 Liquefaction
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CS3 
• Upgrading and liquefaction of bio-CH4

• Application for transport of bio-CH4 delivery in the absence of surrounding infrastructure (e.g., 
farms and remote biogas sites)

• Simulation in COFE V3.10, license-free simulation software by AmsterChem

Technology provider:
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CS3A
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CS3B
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CS3C



21
Session code 4CO.15 – Biomethane potential and technologies, Thursday, May 21st 2026

Presenter – Filippo Bisotti (SINTEF Industry)

Refrigeration cycle optimisation

Open access paper 
coming soon!
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3.Results
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CS1
• The most relevant property of the compressed bio-CH4 is its dew point (Tdew) at 250 bar(a). 

• CS1 can deliver compressed bio-CH4 with a purity of 98.45 vol% - corresponding to -60.5°C, in line 
with  the European standard EN 16723-2:2017 for compressed natural gas for the use of Bio-CNG
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CS2 – gasification KPI

KPI Value Note

Gas yield 1.23 Nm3
dry syngas/kgdry solid In line with review work [1,2]

Syngas composition
H2 > 45 vol%
Other data are sensitive

On a dry basis without tars 
and in line with experimental 
data [1,2,3]

Tar yield 17.7 g/kgdry solid Comparable to other work [2]

[1]  Marcantonio et al., 2020, Computation, 80 (4), 86
[2] Cerone et al., 2024, International Journal of Hydrogen Energy, 95, 1215-1221
[3] Gao et al., 2023, ACS Omega, 8, 31620-31631
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CS2 – gasification KPI

KPI Value Note

Specify energy demand 1.02 kWhth/kgdry (3.66 MJth/kgdry )
In line with review articles 
using different wood 
feedstocks [4]

HHW 12.35 MJ/Nm3
dry syngas In line with literature values 

[1-4]LHW 10.60 MJ/Nm3
dry syngas

[1]  Marcantonio et al., 2020, Computation, 80 (4), 86
[2] Cerone et al., 2024, International Journal of Hydrogen Energy, 95, 1215-1221

[3] Gao et al., 2023, ACS Omega, 8, 31620-31631
[4]  Daugaard D.E., Brown, R.C. 2003, Energy & Fuels, 17, 934-939 



26
Session code 4CO.15 – Biomethane potential and technologies, Thursday, May 21st 2026

Presenter – Filippo Bisotti (SINTEF Industry)

CS2 – biomethane production

H2 addition Impurities (vol%) CH4 yield 
(Nm3

CH4/kgdry solid) Notes

CS2A
(extra H2)

54.9 kgH2/tdry solid
CO2 0.03%
Other sensitive

0.32 Nm3
CH4/kgdry solid

H2 addition pushes COx
conversion that 
generates H2O that is 
condensed

CS2B
(no extra H2) - CO2 30.06%

Other sensitive 0.15 Nm3
CH4/kgdry solid
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CS3 - refrigeration
Refrigeration 
layout HC mixture NH3 Refrigerant use

CS3A Single loop 800 kg/h - Reference

CS3B Double loop
392.5 kg/h (mild)
326.7 kg/h (cryo)
755.2 kg/h (total)

- -5.6%

CS3C Double loop with 
two refrigerants 637 kg/h 34.0 kg/h -16.1%
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CS3 - refrigeration
Refrigeration 
layout

Compression 
HC mixture

Compression
NH3

Savings

CS3A Single loop 70.8 kW - Benchmark

CS3B Double loop
37.5 kW (mild)
22.6 kW (cryo)
66.1 kW (total)

- -6.2%

CS3C Double loop with 
two refrigerants 55.7 kW 5.9 kW -13.0%
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CS3 - refrigeration
Refrigeration 
layout

Total electricity 
demand (kW)
[with turbine 
recovery (kW)]

Compression 
Refrigeration 
(kW)

Energy from 
steam turbine
(kW)

Energy drop on 
the total 
electricity

CS3A Single loop 191.2
[173.0] 70.8   (37.1%) 18.2   (9.52%) Reference

CS3B Double loop 186.4
[168.2]

66.1    (35.5%) 18.2   (9.77%) -2.5%

CS3C Double loop with 
two refrigerants

181.9
[163.7] 61.9    (34.1%) 18.2   (10.0%) -5.2%
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Comparison
Scenario Bio-CH4 production Bio-CH4 purity (vol%)

Electricity demand
[without electrolyser]

CS1 0.709 Nm3
CH4/Nm3

dry biogas 98.5 vol%
11.9 kWhel/Nm3

CH4
[0.30 kWhel/Nm3

CH4]

CS2
A (H2 added)

0.320 Nm3
CH4/kgdry solid

0.260 Nm3
CH4/Nm3

dry biosyngas
95.2 vol%

9.1 kWhel/Nm3
CH4

[Negligible]

B (no H2 added)
0.150 Nm3

CH4/kgdry solid
0.122 Nm3

CH4/Nm3
dry biosyngas

45.0 vol% Negligible

CS3
0.093 Nm3

CH4/kgdry solid
0.591 Nm3

CH4/Nm3
dry biogas

99.99+ vol%
Opt A: 2.21 kWhel/Nm3

CH4
Opt B: 2.15 kWhel/Nm3

CH4
Opt C: 2.10 kWhel/Nm3

CH4
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4.Conclusions
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Conclusions
• Three different technologies have been modelled and simulated

• The process optimisation has been performed to reduce energy demand and 
identify the best operational point of the processes (constrained to 
biomethane purity) to reduce energy demand based on the end-user 
application

• Analysis showed that according to the process layout, feedstock, and train of 
the units of operation, the energy demand can change
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