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CH4rLiE CH4 Livestock Emission

PRIN PNRR 2022 - P2022FTF7L Goal of the project: The CH4rLIE project aims at
developing a prototype for methane emissions
Myt Funded by th-e capture in a barn environment. ... CH4rLiE ... proposes
Lo European Union to act on the methane already produced and diffused
: NextGenerationEU 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 E. A.
Angiulli Master Thesis
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Global warming

Observed surface temperature Main anthropogenic cause:
increase > 1 °C after industrialization Greenhouse gas emission (CO2, CH4, N20, ...)
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CH4 in Global Warming

GWPlOO of CH4 = 28 (AR6, IPCC) W. Wang et al. (2020)
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In Italy ~ 32% of CH4 from agriculture
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COMSOL simulations

Computational Fluid Dynamics simulations to
predict CH4 transport in the barn and identify
possible accumulation points where to install
the capture prototype

Time=2700 s Surface: Velocity magnitude (m/s) Streamline: Velocity field

- Max/Min Point: Velocity field, x-component (m/s)
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COMSOL simulations

Computational Fluid Dynamics simulations to
predict CH4 transport in the barn and identify
possible accumulation points where to install

the capture prototype
Time=2700 s Surface: Concentration (mol/m?®) Streamline: Total flux
\'t;_, Max/Min Point: (mol/m?)
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In situ measurements

Gas emissions evaluated through CO2 mass
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Quarts-enhanced photoacoustic spectroscopy (QePAS) analyser: measure the vibrational relaxation rate
of gas species, employing quartz tuning forks (QTFs) as sound detectors



In situ measurements

SEASONAL AVERAGE TREND OF METHANE CONCENTRATION INSIDE THE BARN

CH4 CONCENTRATION P1-P5 (ppm)
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Ideas for the recovery system

CF4 recovery system for CMS Cathode Strip Chambers S
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See M.C. Arena’s talk later today! !
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Which adsorbent?

Commercial zeolites used for first tests

In parallel, new materials are being prepared for
CH4 adsorption

Preparation of pyrolytic carbon having a high surface area
from lignin
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How to select the zeolite?

N, + 0, + CH,
78.65 /20.9 / 0.45%

Zeolites

Gas Chromatograph
(GC)
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How to select the zeolite?
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How to select the zeolite?
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Concentration [ppm]

How to select the zeolite?

Saturation curve
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Concentration [ppm]

How to select the zeolite?

Saturation curve
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How to select the zeolite?

Saturation curve
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Concentration [ppm]

How to select the zeolite?

Saturation curve
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First results

Zeolites adsorption capacity Lg”
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First results

Adsorbed methane [mL]
= [ N N ) W
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TSA vs VSA regeneration

TSA mVSA

Z5

Z10

Two regeneration methods:
e TSA: Temperature Swing Adsorption
e VSA:Vacuum Swing Adsorption

Z5 maintains a more constant adsorption
capacity after TSA regeneration w.r.t. Z10 -
Z5 selected!

21
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Adsorbed methane [mL]

First results
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Z5 Adsorbed Methane
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Getting rid of humidity

Gas Chromatograph
z ) 5 oo
H,0
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N, + 0,
79.1 / 20.9 %

N, 40, + CH;
78.65 / 20.9 / 0.45%
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Getting rid of humidity

Z5 Adsorbed CH4 with humidity
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Summary and future perspectives

Average adsorbed methane vs Concentration
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