RNG Developments
in the Netherlands

A development based on indirect gasification
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The Netherlands is built around

gas
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Gas consumption in 2025, declined compared to previous
years. Total consumption still ~30 bcm/y

Official sources: Dutch government—Groningen closure (19 Apr 2024); Programma Groen Gas (2 Dec 2022); Gasunie/GTS network information;
RVO green-gas guidance.
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Green gas policy & demand signals

NL TARGETS 2030 EU TARGETS 2030

2 bcm/yr 35 becm/yr

Green-gas production High priority sectors ‘
ambition from biogas, are industry (few

biomass & waste alternatives) and high

temperature heat
CO2 reduction of 2,85 applications.
Mton/y (~ 0,84 bcm)

READ THE SIGNAL CORRECTLY
2030 targets # guaranteed offtake

35 becm (EU) and 2 bcm (NL) are policy scale ambitions.

RED III and FuelEU reward eligible fuels, but neither mandates
SNG as a molecule.

Official sources: REPowerEU Plan (18 May 2022); Dutch Programme Green Gas (2 Dec 2022); RED 1II, Directive (EU) 2023/2413; FuelEU Maritime, Regulation (EU) 2023/1805.

DEMAND CHANNELS

Build environment

Networks enable
substitution; policy and

contracts create the pull.

Shipping

Compliant bio-LNG/e-
LNG can lower FuelEU
intensity.

DEFINITIONS MATTER

Biomethane / RNG
/ green gas

Upgraded biogas or
gasification gas
obtained from
manure/biogenic
residues

Transport
Eligible biomethane and

RFNBO e-methane
support RED IIL

Industry

No SNG quota: ETS and
offtake contracts drive
demand.

Synthetic methane
/ e-methane (SNG)

Made from H, + CO,. It
counts as an RENBO only
when renewable-electricity
and carbon-source rules are
met.
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MILENA - a fuel flexible platform Produtt
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MILENA scale-up

Petten, lab
30kW / 8 kg/hr
fuel flexible

Petten, large Pilot
800kW /200 kg/hr
fuel flexible

India, demo
4MW / 1000 kg/hr
soya stalk to CHP

Netherlands FOAK
30MW / 7800 kg/hr
waste wood to green gas
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OLGA the enabler

Gas is cooled to workable
temperatures

Bulk of the dust is taken out
using a cyclone

CYCLONE

Light tars are absorbed above
the water dew point

Temperature 2>

Cooling the gas allows water
condensation, without tar
pollution

Heavy tar condenses by cooling the
gas. Flushed away using an oil

Water dew point
Tar dew point

Gas direction 2

OLGA

Tar-free
product gas
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ESME — The finisher

CO2 co-product is clean Starting point:

existing catalyst
and technology

Prevents BTX to <10 bar to prevent

MILENA OLGA ESME
contaminate CO2 removal of methane

Tar Pre- CO2
Up-grading

Little organic-S, but too
much for reformer

Needed to protect BTXis Ni catalyst is not able
reformer catalyst converted to treat BTX

Smart combination of endothermal reforming
and exothermal methanation
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Unique opportunity with CCS

CO, from CO; from
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Carbon Intensity (Cl score)

« Carbon Intensity is a metric which explains how much GHG emissions
are avoided by using a sustainable alternative

« Cl for methane in transport is 94 gram/MJ

« ClI for methane in ETS2 sector is 80 gram/MJ ; - — Y New, W=
: Enerzy

Coalition

Drivers of Change

Excluding CO2 sequestration

« ClI for Green Gas from indirect gasification 7 gram/MJ Biomassa- 1yuL
vergaSSlng 2025

Including CO2 sequestration als Snelwe om

« Cl for Green Gas from indirect gasification -84 gram/MJ inmaatdOe en

te halen

Auteurs
Ruud Paap (New Energy Coalition) en Berend Vreugdenhil (TNO)
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<EEMsGAS

Producing
green gas
from
demolition
wood
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Eemsgas initiative key data

Goal Demonstration of industrial scale application
Technology MILENA-OLGA-ESME by licensor TNO
Location Farmsum, Delfzijl, The Netherlands

Scale 30 MWth gasifier load

Feedstock 65.000 ton/a demolition wood

Product 18.000.000 Nm3 SNG to GTS-RTL grid
Schedule Commencement January 1st, 2026 - Start of Production July 30th, 2029
Participants Perpetual Next, Gasunie

Partners T.B.A

Project budget € 100.054.196

Subsidy program DEI+ Vergassing van reststromen

SEEMSGAS
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A

PERPETUAL
NEXT

<EemsGAs

Perpetual Next Delfzijl

Van fossiel
naar bio-based

@ Inname afvalhout

Belanghebbenden

Nederland

king tussen belastil
Nederlandse bedrijven en kennis-
instellingen, gericht op het bundelen
van expertise en innovatie ten gunste
van de Nederlandse samenleving.

Industrie

Biogas geinjecteerd in de Nederlandse
infrastructuur, zodat het direct inzetbaar
is voor transport, industrie maar ook
huishoudens

Innovatie

Nederland als kennisland en
innovatieleider, dat via groene
technologieén en duurzame oplossingen
een internationaal voorbeeld stelt voor

een toekomstbestendige economie.

Aansluiting op bestaande
infrastructuur haven & gasnat

@ Droging afvalhout ) Productie duurzaam biogas

Combinatie van inname, voorbehandeling
en opslag van afvalhout.

O Co, vervloeiing

Het afvalhout wordt met restwarmte uit Het afvalhout zetten we met de TNO vergassing en
het proces gedroogd. katalysatoren om in duurzaam biogas.

© Watertanks (@ Voeden in Nederlands net

Met koeling en hoge druk maken we de
CO, vloeibaar voor toepassing in de
Nederlandse industrie en tuinbouw.

Sustainable

goede materialen

In deze tanks wordt bluswater en water Het geproduceerde duurzame aardgas voeden we in op het
dat we kunnen il gasnet voor levering aan onze huishoudens en
industrie.

Langdurig Bataalbaar,
beschikbaar, stabiel minder schaars

Confidential
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From TNO IP to a Dutch FOAK

Technology, deployment and carbon advantage reinforce one another.

01 TECHNOLOGY WHY CCS CHANGES THE CASE

TNO develops renewable technologies from
ideation through market implementation. combustion of T

400 ktonly CO,

Bio-Methane COz in
atmosphere

CO; emissions from
02 DEPLOYMENT gl I o :xp
EemsGas will build the FOAK RNG facility in the ¥ Y s _ Bio-Methane

/

Package available for new projects / i

7,

Tt

excellent CI score, relevant for US RNG

Bio-Methane [RSClEUTNEN]

Netherlands, based on TNO IP. Process Design Siomess oA bt
5N

(03  CARBON ADVANTAGE // {;mal Gas//////
CO;
Indirect gasification combined with CCS has an / resene Sequestration
- )

developments. Indirect gasification + CCS strengthens the

carbon-intensity proposition.

THE MESSAGE TO TNO technology — Dutch FOAK — carbon advantage
REMEMBER
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Thank you
for your
attention

Innovation for life

@ TNO Energy & Materials Transition

Berend.Vreugdenhil@tno.nl
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