
17 - 20 MAY 2022 11th International GAS Analysis Symposium & Exhibition PARIS, FRANCE

INPUT GAS PROCESS USAGES

GAS GRID
INJECTION

POSSIBLE
VALORIZATION

Municipal /
Non-hazardous

Waste
Heating

Food and
beverages

Use in 
greenhouse

Energy
production
(Methanation)

Cooking

Gas mobility

Industry

WWTP
sludges

Agricultural or
Food Industry

residues

BIOGAS UPGRADING BioCH4

CO2

Landfill

Anaerobic
Digestion

quality?

2022

Authors
Etienne BASSET, Mathilde RIZAND, Pauline JACQUET, Mathilde JEGOUX, Guillaume PEUREUX. 
Julien LEPROVOST.

ENGIE, Research and Development Division, ENGIE LAB CRIGEN.
4, rue Joséphine Baker, 93240 Stains, FRANCE -  15, quai Louis Aulagne, 69190 St-Fons, FRANCE
ALYXAN Centre Hoche - 3, rue condorcet, 91260 Juvisy-Sur-Orge FRANCE

During the biogas upgrading in biomethane, a large quantity of CO2 is coming 
out the process through the o!-gas (around 50% of biogas flowrate). For the 
moment, the CO2 is mainly released to the atmosphere. Many solutions exist and 
could be implemented to valorize it (e.g. in catalytic or biological methanation 
when combined with H2 to produce synthetic methane, in the food and beverages 
industry with the EIGA quality standard, etc.). The knowledge of the CO2 
composition is one of the first step to study the feasibility to valorize it.

According to the valorization process, di!erent specification need to be considered. 
For instance, sulfurs need to be removed from the gas upstream catalytic 
methanation not to deactivate the catalyst by irreversible poisoning. Moreover, CO2 
need to be free of oxygen to be used for biological methanation. Hence, o!-gas 
quality can vary overtime depending on the biogas upgrading process.
All of these aspects need to be considered for CO2 characterization.
Therefore, ENGIE Lab CRIGEN has developed an analytical strategy to perform 
comprehensive characterization of CO2 from main gases to trace components.  
The methodology is based on both online measurements and spot sampling.  
The sensitivity and the measurement frequency needed are two main parameters 
that have oriented the choice of the analytical devices.
An overall characterization was carried out on o!-gas stemming from a site that 
produce biomethane from landfill gas upgrading. This study aims to demonstrate 
the feasibility to use the CO2 in biological methanation reactor by assessing the gas 
quality that could enter the reactor.

A dedicated gas analysis strategy has been set up based on both online gas 
measurements and spot sampling for additional measurements. A mass 
spectrometer FTICR and micro-gas chromatography coupled with thermal 
conductivity detector (!GC-TCD) have enabled to carry out on site an online gas 
screening for permanent gases and VOCs trace components. In addition, o"ine 
sampling in coated gas canister and analysis by gas chromatography combined 
with thermaldesorption and both FID and MS detectors (TD-GC-FID/MS) enable to 
complete the overall characterization. The combination of these di!erent techniques 
allows to cover a large range of components at a very low sensitivity. Moreover, 
mass spectrometry o!ers the opportunity to characterize VOCs fluctuation (see 
Figure 3). This is not possible to observe  neither using spot measurement that does 
not give information over time nor using !GC-TCD analyzer that measures only 
every 3 minutes and at higher quantification limits.
These measurements have been performed periodically every 3 months in order to 
have a relevant picture of the gas quality regarding the type of wastes, age of the 
cell waste and seasonality aspects. 

Mesures performed by micro-chromatography coupled with thermal 
conductivity detector (!GC-TCD)
One measure every 3 minutes

Measures performed by Mass Spectrometry (FTICR), with the partner 
ALYXAN
Instantaneous analysis and identification of VOCs till ppm

Gas sampling performed onsite with sulfinert coated gas canister
Analysis by gas chromatography combined with thermaldesorption 
and both FID and MS detectors
Screening of a large scope of VOCs (aldehydes, ketones, hydrocarbons, 
terpens, sulfurs, siloxanes, etc.) 

The methodology developed by ENGIE Lab CRIGEN allows to assess the CO2 quality comprehensively. In this first case, every technique has shown to be 
complementary. The use of micro-chromatography has enabled to characterize the overall composition including trace component such as O2. The mass 
spectrometer has been essential to characterize the fluctuation of VOCs overtime. The gas screening performed from spot sampling has allowed to confirm 
the compounds identification.
These data are the first step in order to design the gas treatment needed to reach the specification associated to the valorization.
This methodology has been used on di!erent sites that produce biomethane from anaerobic digestion. This o!ers the possibility to extend the knowledge on 
CO2 quality on a wide scope of sites covering di!erent site configurations (feedstock, methanisation and gas upgrading technologies, seasonality, etc.)
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Online analysis for the main gases and some 
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Spot sampling for additional gas screening (VOCs)

Conclusion and Outlooks

Figure 3 : Illustration VOCs fluctuation in o!-gas overtime
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