Biomethane in the gas grid :
over a decade of reliable gas
quality : focus on some
characteristics of biomethane
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Biomethane has been injected in French gas networks for more than 10
years, with a huge development in the recent years

731 biomethane plants injecting into the French gas network at the end of 2024
* 11,6 TWh of biomethane produced in 2024 ~3,2% of French gas consumption
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Le watthoura (Wh) est une unitd de mesure de la production ou de la consommation d'énarge.

1 kilowatthoure (KiWh) = 1000Wh / 1 mégawatthewra (MWh) = 100CKWH / 1 ggawatthewre (GWh) » 1000MWh / 1 téramatthoure (T'Wh) = 1000GW
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A very positive feedback on gas quality : a very stable composition that
meets gas quality specifications

CH, : 97.5%

HHV 10,7 to 12,8 kWh/m3(n)
. 0 ] b
CO;: 1,6% (1atm, 0°C, 0°C)

2+ 0:3% Wobbe ind 13,64 to 15,70 kWh/m?3(n)
obbe index 64 to 15, m3(n

N, : 0,6% (1 atm, 0°C, 0°C)

Higher Heating Value 10,82 kWh/m3(n) (1 atm, 0°C, 0°C)

(eq. 36,84 MJ/m3 (1 atm, 15°C, 15°C)

Wobbe index 14,27 kWh/m3(n) (1 atm 0°C, 0°C)  (eq. :

48,60 M.I/m3 (1 atm, 15°C, 15°C) CO, < 2,5% ; exemption up to 3,5%

< 10 ppm water

H,S+COS < 5 mgS/m3(n)

O, <100 ppm ; exemption up to 0,75%

* Very little variations in gas quality Water dew point < -5°C at the maxima operating pressure
of the network

Extract from « Prescriptions Techniques du Distributeur GRDF »
(Source : prescriptions techniques GRDF Vdef03012017)

* Consistently meets gas quality specifications
Prescriptions Techniques du Distributeur GRDF , GQDF
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Near absence of trace compounds that are periodically measured

Trace compounds measured periodically as being part of GRDF gas
quality specifications (« Prescriptions Techniques du Distributeur
GRDF ») : Cl, F, NH;, Hg, mercaptic S, total S, CO, H,

Current frequency of measurement (as stated in the injection
contract):
Every 3 months the first year after commissioning

Every 6 months afterwards (twice a year)

GRDF’s feedback on these trace-compounds over more than 5 000
analysis:

—> almost no off-spec analysis !

About 400 measurements also carried out on siloxanes :

—> No siloxanes quantified (for the vast majority of si4ies)
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Very low water content, ensuring a proper working of reverse flow stations

Amhem 7 |

* 36 reverse flow stations currently in service (October 2025)

Allowing to compress gas from the distribution gas network to the
transmission gas network (NaTran or Terega network)

Useful when biomethane production exceeds consumption on a given
gas network : in 2024, about 5% of biomethane injected into GRDF
network transited through these reverse flow stations

* Requirement for a very dry gas : < 53 mg/m3(n)
(corresponding to a water dew point of -5°C at 67,7 bar)

A very low water content of biomethane, thanks to efficient
treatment & upgrading processes
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not paid to the drying of the pipes during the network installation Source - Observatoire du

work 5 biométhane - Nouvelle version — G-
Open Data Réseaux Energies —
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Biomethane is ready for continued growth and large-scale deployment
Oxygen content is one of the last remaining technical challenges

* All indicators are green - continued growth of biomethane is expected. Target : 60 TWh of green gases
injected in 2030, representing 20% of French gas consumption

Ciel Filtres a i Poste
Digesteurs gazeux des charbon Epurateur d'i_?'ection
digesteurs actif seau

* Oxygen content is one of the last remaining challenges

Off-gaz

* Why is O, content an issue?

Exemptions up to 7500 ppm O, given to biomethane producers to ease
the biogas desulfurization step

Some installations (underground gas storages UGS, some industrial
customers) are sensitive to O, (mainly connected to transmission
network)

Development of reverse flow plants

Désulfuration interne Désulfuration Désulfuration externe Effet de
par précipitation chimique interne par par adsorption et la technologie
avec des composés Ferriques oxydation oxydation chimique d’épuration
biologique dans les charbons actifs

* On-going work with French gas infrastructures operators (NaTran, Terega, Storengy) to define
the best technical and economic compromise to solve this O, content issue
Several on-going R&D project to assess the feasibility of alternative biogas desulfurization pathways and the feasibility
of removing O, from gas

O, maximal threshold decreased from 7 500 ppm to 4 000 ppm in 2023. Goal : to send a first message to

biomethane stakeholders on this issue
™~
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Synthetic methane injection has begun—now we must deepen our
understanding of emerging green gas pathways

* First power-to-methane project is injecting into the GRDF distribution gas network |
since July 2025 : Denobio project

Using CO, coming from the off-gas of an existing biomethane plant to produce CH, through
methanation process

Goal in the coming months : to use biogas (and not only CO,) in the methanation process

* Other synthetic methane injections are expected in the coming months, for S
instance Pau’wer-two-gas project. g

e Support to innovative green gases project to expand the portfolio of green gases,
aiming at :
Deepen our knowledge on the gas quality reached
Deepen our understanding of these emerging green gas pathways

Ensure the development of these new gases while guaranteeing the safety of gas

infrastructure and customers. ~
, GD
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