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The DEMOSOFC EU project

POLITECNICO DI TORINO (IT): project coordinator

CONVION (FI): SOFC technology provider

SMAT (IT): WWTP owner / end-user of electricity and thermal energy

VTT (FI): performance evaluation

IMPERIAL COLLEGE (UK): business analysis
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• Medium size WWTP
• Entering load: 180’000 P.E.
• # 50 for entering load among all IT WWTPs
• Previous biogas exploitation: boiler for anaerobic digester heating and flare

The site: SMAT Collegno Waste Water Treatment Plant



Plant layout



The DEMOSOFC plant



Biogas purification system

Required purification 
level for SOFC
H2S: 30 ppb
Siloxanes: 10 ppb

M. Gandiglio, A. Lanzini, M. Santarelli, M. Acri, T. Hakala, M. Rautanen, “Results from an industrial size biogas-fed SOFC plant (the DEMOSOFC project)”, International Journal of Hydrogen Energy, 
Volume 45, Issue 8, 2020, Pages 5449-5464, https://doi.org/10.1016/j.ijhydene.2019.08.022

https://doi.org/10.1016/j.ijhydene.2019.08.022


The SOFC modules

Inlet flows:

• Biogas @ 4 bar(g)

• Ambient air

• Compressed air (for start-up)

• N-H mix purge gas (for stand-by)

Outlet flows:

• Electrical power

• Thermal power

• Exhaust gas (CO2 + H2O + N2)

• 1st SOFC module started in October 2017 → 4600+ hours of operation onsite (+1000h at Convion), currently 
under maintenance at Convion facilities  

• 2nd SOFC module started in October 2018 → 9700+ hours of operation onsite, currently in operation

• The DEMOSOFC plant has been running for 13’600+ hours



Results



Raw biogas quality

H2S
(ppm)

Si
(mgSi/m3)

CH4

(%)

Average 28.66 3.78 63.57

Min 0.00 0.00 56.04

Max 71.05 9.43 70.35

CH4

Contaminants



Cleaning system performance

Si (kg) 0.48

Loading rate (%) 0.19%

Ads. capacity (mgSi/g) 1.93

26.40%

1.28%

H2S (kg) 5.95

S (kg) 5.60

Loading rate (%) 2.38%

Ads. capacity (mgH2S/g) 23.80

Ads. capacity (mgS/g) 22.40



SOFC Modules Performance 

H. Langnickel, M. Rautanen, M. Gandiglio, M. Santarelli, T. Hakala, M. Acri, J. Kiviaho, “Efficiency analysis of 50 kWe SOFC systems fueled with biogas from waste water”, Journal of Power Sources 
Advances, Volume 2, 2020. https://doi.org/10.1016/j.powera.2020.100009

https://doi.org/10.1016/j.powera.2020.100009


Emissions analysis

1: Limitation of emissions of certain pollutants into the air from medium combustion plants (MCP-directive), DIRECTIVE (EU) 2015/2193

2: Industrial emissions (integrated pollution prevention and control) (IED-directive), DIRECTIVE 2010/75/EU

3: Air quality in Europe — 2016 report, EEA Report No 28/2016



• Number of  Active WWTPs in Europe: 23’423 (with loading or capacity data 
available)

• Minimum entering load suitable for biogas production: 20’000 P.E. (20-40 kW SOFC) 
→ 19 % of total WWTPS

Waste Water Treatment Plant in Europe

Urban Waste Water Treatment map
https://eea.maps.arcgis.com/apps/MapJournal/index.html?appid=7fa4f0267d8249888b077803714e39fe&embed=true#
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Number of plants
XS 20,000-60,000 P.E.   25 – 80 kW

S 60,001-150,000 P.E 80 – 200 kW

M 150,001-350,000 P.E. 200 – 500 kW

L 350,001-750,000 P.E. 500 - 1000 kW

XL >750,0000 1000 - 1500 kW

EU potential biogas 
production

1.86 - 5.44 billion m3/y

EU potential SOFC 
Power installed
930 - 2550 MWel

https://eea.maps.arcgis.com/apps/MapJournal/index.html?appid=7fa4f0267d8249888b077803714e39fe&embed=true
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