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CH4rLiE

PRIN PNRR 2022 - P2022FTF7L

CH4 Livestock Emission

Goal of the project: The CH4rLiE project aims at 
developing a prototype for methane emissions 
capture in a barn environment. … CH4rLiE … proposes 
to act on the methane already produced and diffused 
in the air, using a specially developed recovery 
system. The idea arose from the expertise  acquired in 
the Large Hadron Collider experiments at CERN, 
where "gas recuperation systems" are being 
developed to extract CF4 and other components from 
gaseous detectors exhausted gas mixture. … (project 
abstract)
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Most results presented in this talk are discussed in F. A. 
Angiulli Master Thesis 3
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Global warming

4EU Copernicus – Climate Change Service IPCC: 2013

Observed surface temperature
increase > 1 °C after industrialization

Main anthropogenic cause:
Greenhouse gas emission (CO2, CH4, N2O, …)
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CH4 in Global Warming

5IPCC, Sixth Assessment Report (AR6)

W. Wang et al. (2020)

In Italy ∼ 32% of CH4 from agriculture

GWP100 of CH4 = 28 (AR6, IPCC)
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Project organization
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COMSOL simulations
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Computational Fluid Dynamics simulations to 
predict CH4 transport in the barn and identify 
possible accumulation points where to install 
the capture prototype
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COMSOL simulations
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Computational Fluid Dynamics simulations to 
predict CH4 transport in the barn and identify 
possible accumulation points where to install 
the capture prototype

CH4 concentration



In situ measurements
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Gas emissions evaluated through CO2 mass 
balance method:

Quarts-enhanced photoacoustic spectroscopy (QePAS) analyser: measure the vibrational relaxation rate 
of gas species, employing quartz tuning forks (QTFs) as sound detectors
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● Cprod is the CO2 production per cow
● N is the number of cows in the barn



In situ measurements
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Ideas for the recovery system
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CF4 recovery system for CMS Cathode Strip Chambers

Pre-filtering module to separate CO2, Ar

Z10 to capture CF4

High purity:
● 96.5 % of CF4 in the recuperated 

mixture

Recovery system:
● 70 % efficiency → Annual saving 800 kg 

of CF4 (10 000 tCO2eq) I. 
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See M.C. Arena’s talk later today!

https://indico.global/event/4745/contributions/125402/


Which adsorbent?
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Commercial zeolites used for first tests

In parallel, new materials are being prepared for 
CH4 adsorption
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How to select the zeolite?
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How to select the zeolite?
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How to select the zeolite?
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How to select the zeolite?
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How to select the zeolite?
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Breakthrough Volume of CH4 adsorbed before 
first peak appearance:
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How to select the zeolite?
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How to select the zeolite?
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Total volume of CH4 adsorbed:
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First results
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Z5 and Z10 are the most promising 
candidates for CH4 adsorption
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First results
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Z5 maintains a more constant adsorption 
capacity after TSA regeneration w.r.t. Z10 → 
Z5 selected!

Two regeneration methods:
● TSA: Temperature Swing Adsorption
● VSA: Vacuum Swing Adsorption
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First results

22

CH4 concentration ~ 0.45%

**Cartridge size ~ 250 g
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Getting rid of humidity
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Getting rid of humidity
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CH4 concentration ~ 0.2%

**Cartridge size ~ 250 g
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Summary and future perspectives
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● Successful capture of CH4 at ~0.1 %
● Vacuum regeneration is effective on Z5
● Total adsorption of humidity using Z3
● Relationship between adsorption 

capacity and partial pressure of CH4 to 
be investigated
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