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A unigue development of AD sites injecting biomethane
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By end of 2023, 12 TWh/year capacity of biomethane
the equivalent of 2 nuclear reactor built in 5 years.
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A majority of the production capacity is owned by farmers

BREAKDOWN OF TOTAL INJECTION FACILITIES

BY TYPE AT THE END OF 2023
Source: ODRe as at 31 December 2023

602

facilities
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Autonomous agricultural
423 sites - 65%
Regional agricultural
136 sites - 21%

Sludge from wastewater treatment plants (WWTP)
47 sites - 7%

Regional methanisation

21 sites - 3%

Non-hazardous waste storage facilities

18 sites - 3%

Household waste and biowaste

7 sites - 1%

GDF



GRDF’s network with agricultural stakeholders
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FAO’s Energy-Smart
Agrifood Systems: an
Insight on bioenergy

Connie Miller
Deputy Coordinator of the Global Bioenergy Partnership

Climate Change, Biodiversity and Environment (OCB).
Food and Agriculture Organization (FAO) of the United Nations

Biomethane Week 2024
23 October 2024

Agrifood system
solutions are
climate solutions



Agriculture, energy security and climate ENERGY
change are strictly interconnected. \

* Agrifood systems need energy at each 4 |
step of the value chain ?

* 30% of the world energy is used within
agrifood systems

—<

* Energy use in Agrifood systems is
responsible for up to 31% of total GHG
emissions

AGRIFOOD CLIMATE
Energy-smart solutions are key. SYSTEMS CHANGE




FAO's Energy Smart Agrifood Systems (ESAS) Programme

Provide energy-smart solutions at each step of the value chain to help
transform the agrifood systems (very energy intensive and mostly fossil fuel
based) to sustainably feed a global population of almost 10 billion by 2050

Agriculture is part of the solution.

STORAGE & TRANSPORT &
PRODUCTION HANDLING LOGISTICS END USER
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Energy FOR
agriculture

- Sustainability and efficiency IN agriculture ‘ =




\?/ Food and Agriculture
Q\/ﬁ Organization of the

United Nations

Rome HQ - Global actions

GBEP
Cold chains —

FAS
Ty

Activities, programmes and projects on bioenergy

EU
H2020 BIKE - Low iLUC biomass opportunities — —
Azerbaijan
Bioenergy potential in the hazelnut VC
Central Asia
? ? Kazakhstan, Kyrgyzstan,
? ? Tajikistan, Turkmenistan,
Uzbekistan
WEFE Nexus to guide
Gambia investments
Sustainable biogas from organic ? ? .
waste and improve cold-storage ? Bioch Viet N.amb | po
units to reduce-post-harvest losses lochar - Sustal{m e coifee,
1 w coconut, rice VCs
Zambia —— ? Solomon Islands
Bioenergy Potential Assessment (BEFS) Feas'b'”?y stL{dy to iet ":f; a b'7g asl I,
Potential bioenergy from residues for India using pig waste at rarm leve
electricity clean cooking fuels Ric e‘@t raw VC
Rwanda Kenya, Rwanda, Tanzania, Uganda

RE in the dairy VC

Bioenergy Potential Assessment ?E FS) Biogas in the dairy VC

Potential bioenergy from residues for
electricity and clean cooking fuels

- Rwanda and Uganda
Bioethanol for clean cooking
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FAO long-standing tools on Bioenergy Sustainability

EX-ANTE - EX-POST -

Feedstock Analysis Results
Availability -

Potentially
profitable options
and possible plant

Feedstock locations
Characteristics
ENLITralL
er| 1221 -t
gL E
THuEH

Bioenergy and Food Security (BEFS) Q L .
Approach and Assessment (fao.org) GBEP Sustainability Indicators (fao.org)



https://www.fao.org/in-action/global-bioenergy-partnership/programme-of-work/working-areas/gbep-sustainability/en
https://www.fao.org/sustainable-development-goals-helpdesk/champion/article-detail/bioenergy-and-food-security-(befs)-approach-and-assessment/en
https://www.fao.org/sustainable-development-goals-helpdesk/champion/article-detail/bioenergy-and-food-security-(befs)-approach-and-assessment/en
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Bioenergy potential assessment in Rwanda

Ex ante evaluation of biomass-based = l Detailed assessment of biogas for
pathways for production of cooking - clean cooking:

fuels and electricity — biomass needs, , The analysis shows that a detailed
uses and energy characteristics | understanding of the manure
production rates, water access rates,

Feedstock ~ Analysis Results livestock numbers and management
Availability -

practices, and household cooking
energy demand is required to further

S i ¢ strengthen the biogas programme in
profitable options the Country

and possible plant
locations

Feedstock
Characteristics

Bottlenecks for biogas — number
and spread of livestock (should be
] complemented with other

Rwanda

feedstocks); and lack of integration
of household energy needs into
planning and programming.

Bioenergy Potential Assessment (BEFS)
Potential bioenergy from residues for
electricity and clean cooking fuels
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GBEP.assessment of biogas.in Viet Nam

Multiple benefits of biogas at 3 Ex post evaluation of biogas systems
household level: = in households and livestock farms
Reduced household expenditures
on energy (ind. 11)
Increased access to modern
energy services (ind. 14)

Reduced time spent collecting
fuelwood (ind. 13)

>

Vs

N iy

ViANam k: Philippines Viet Nam
: ; ?‘ Biogas - households/ livestock farms

Reduced exposure to indoor air
pollution and to the related health
risks (ind. 15)

Bottlenecks for biogas —lack of GBEP Capacity Building Group on Biogas in 2024...
capacity leads to poor management

a_nc! TS AN andllack of capital = White paper on Policies and Strategies for
limits power generation from biogas. biogenic CCU in biogas systems

== Training on biogenic CCUS in biogas systems
== Webinars
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ENERGY

* Biogas systems can have many benefits 4 d’;/
beyond energy production — contribute to ? T

circular economy and sustainable
development

What has experience showed us?

BUT
* Biogas is not a one-size-fits-all solution

 Scientific assessments that produce
accurate data are key for effective planning
and policy

* Inturn, appropriate enabling environments AGRIFOOD CLIMATE
are essential for stimulating investments SYSTEMS CHANGE




Agrifood system
solutions are
climate solutions

OFFICE OF CLIMATE CHANGE, BIODIVERSITY

THAN KYOU AND ENVIRONMENT (OCBD) FAS":%

v,
www.fao.org/climatechange a
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Current and future events

Strategic dialogue on the Future of Agriculture
Mission letter Commissioner designate
* Vision for Agriculture and Food — first 100 days
 New approach to deliver on sustainability to support farmers in
decarbonisation and preserving biodiversity.
« Strengthen farmers’ position in the value chain
Future CAP (post 2027)
Update bioeconomy strategy (by the end of 2025)

ommission



Decarbonisation agriculture & role biogas in CAP

Biomethane — 35 bcm annually by 2030

Bioenergy makes up 60% of the
renewable energy in the EU

Strategic objectives CAP —
bioeconomy/bioenergy + sustainable
prod. RE

Scale up RE without undermining food
production and avoid impacts on land-
use — focus on organic waste and
forest-agricultural residues

24

FAIR INCOME % '& ACTION

KNOWLEDGE & C AP oo N ENVIRONMENTAL
INNOVATION OBJECTIVES % -

PRESERVE
LANDSCAPES
&BIODIVERSITY

(-\ SUPPORT
GENERATIONAL RENEWAL

INCREASE REBALANCE S04: Promote
COMPETITIVENESS POWER IN FOOD CHAIN sustainable
energy
CLIMATE CHANGE

PROTECT

FOOD & HEALTH gm
QUALITY

VIBRANT g
RURAL AREAS

S08: Promote the
circular bio-economy



Biogas projections in CSPs

Target Values for R.15 across EU Member States (in MW)
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EU target of all CAP-Plans 2023 - 2027: production capacity of almost 1.560 MW

- European
Commission
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Conclusions — further reflections

CAP is not the only support instrument to push forward renewable energy
production.

The potential of rural areas to contribute to the energy transition remains.
Renewable energy production and agricultural activities have the potential
for a mutually beneficial relationship.

Competition/trade-offs with other land-uses/food production -> scale up the
production of renewable energy without undermining food production.
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FILLING THE MISSING PIECE
BETWEEN FARMING SYSTEMS,
CIVIL SOCIETY AND POLICY
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AGRICULTURE IS
EVERMORE CENTRAL IN
THE EU POLITCAL DEBATE.

STILL WE SEEM FAR FROM
NAILING WHAT IS REALLY
NEEDED TO MAKE AGRI-
FOOD SYSTEMS
SUSTAINABLE.
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oENER(':iIE RINNOVABILI eAZIENDA AGRICOLA 4.0 e(3ES‘I'IONE DEGLI EFFLUENTI 0I’ERTILIZZAZIONE

IN AGRICOLTURA D’ALLEVAMENTO ORGANICA

SOSTITUIRE | COMBUSTIBILI ADOTTARE TECNICHE IMPIEGARE EFFLUENT] UTILIZZARE FERTILIZZANTE
FOSSILI CON FONTI DI DIAGRICOLTURAE ZOOTECNICI E SCARTI ORGANICO (DIGESTATO) PER
ENERGIA RINNOVABILE PER ZOOTECNIA AVANZATE AGRICOLI NELLA DIGESTIONE RESTITUIRE NUTRIENTI AL
RIDURRE L'INQUINAMENTO PER CALIBRARE LE RISORSE ANAEROBICA PER RIDURRE SUOLO E RIDURRE L'USO DI

E LE EMISSIONI NECESSARIE ALLE COLTURE LE EMISSIONI E PRODURRE FERTILIZZANTI CHIMICI

E ALLEVAMENTI BIOENERGIE RINNOVABILI

FARMING [ ; —
FOR FUTURE: s, S e“gﬁmw
10 ACTIONS ANEAED IOTONE

ORGANICA PER RIDURRE LE
EMISSIONI DAI SUOLI

@QUALITA E BENESSERE

ANIMALE

IMPLEMENTARE TECNICHE
AGRICOLE E ZOOTECNICHE DI
ECCELLENZA PER MIGLIORARE
LA QUALITA E IL BENESSERE
DEGLIALLEVAMENTI

@BIOGAS E ALTRI GAS ePRODUZIONE E USO DI eAGROFORESTAZIOME eINCREMENTO FERTILITA DEI

to ensure

Sustainable
food, feed
and energy

RINNOVARBILI BIOMATERIALI suoLl
PRODURRE METANO E SVILUPPARE E UTILIZZARE INTEGRARE COLTIVAZIONI ADOTTARE LE DOPPIE COLTURE
— | EARMING IDROGENO RINNOVAEILI MATERIALI DI ORIGINE LEGNOSE NEI CAMPI PER INCREMENTARE LA
f— DAL BIOGAS AGRICOLO BIOLOGICA, NATURALI E COLTIVATI PER AUMENTARE LA CATTURA DELLA CO2 E LA
w | FOR FUTURE RINNOVABILI FOTOSINTESI E LA SOSTANZA FERTILITA DEI SUOLI
<~ | FOUNDATION ORGANICA NEI SUOLI




THE FOUNDATION WANTS TO BE AN INNOVATIVE
AND INCLUSIVE SPACE WHERE ALL ACTORS OF
THE AGRIBUSINESS VALUE CHAIN CAN CO-
CREATE, PROMOTE AND SCALE FARMING
SYSTEMS THAT DELIVER SUSTAINABLE FOQOD,
FEED AND ENERGY

- Farmers

- Farms

- Agro-industry

- Agri-food value chain actors
- Researchers



Scientific research and scientific evidence are crucial to properly address the challenges
and opportunities embedded in the transition to more sustainable food systems.

There is a perception gap between civil society/consumers, farmers/farms and policy
makers/Institution. This needs to be breached if we want to build a more sustainable
future for EU Agriculture.

The key role of innovation and technological progress can only be fully appreciated if we
manage to upskill and professionalize the agri-sector, in all its facets.

Engagement with policy makers and stakeholders needs to be propositional, solution
based and data supported.




- Promote and finance research that is meaningful, applicable and helps investigate all
the dimensions of sustainability.

- Promote strategic partnerships with all actors of the agri value-chain, upstream or
downstream the primary production step.

- Breach the gap between farmers and civil society to regain a proper recognition of the
societal role of farming and farmers, through a hands-on communication strategies.

- Advocate at all levels and all times for the values and actions of Farming for Future
model, backing our proposals with science-based evidence, data and socio-economic
relevance.
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SCHOOL OF MANAGEMENT

e——

AGRI LAB

ROMEO ED ENRICA INVERNIZZI
AGRIBUSINESS RESEARCH
INITIATIVE

A horizontal research to

investigate the
VALUE of COMPLIANCE

Se2 @ i,

Analyze the Determine the Evaluate the

status quo in policy limits or economic
the use of incentives impact of

DIGESTATE regulation

v/

Promote the
adoption of
better practices
supported by
better policies
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Cycle®@ Introduction

Laurence Molke, CEO.
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Long-term
value through
short-cycle
carbon - for
farmers and
their
communities

CycleO 39




Our Story

2019

FNX moves exclusively into
renewable natural gas, focusing on
biomethane.

2021

2022

Ara Partners supports Cycle@ to develop
a pan-European biomethane production
platform. FNX acquired by Cycle®, to
bring tech & engineering expertise.

2023

2024

Cycle® acquires Biogasclean, a leading global
supplier of desulphurisation and biological
methanation technology.

2025+

Cycle@ rolls out ~50 plants across
key target markets in Europe and
LATAM providing renewable energy.

Cycle®@ inaugurates its first
integrated, greenfield biomethane

201 3 Ara Partners, a leading PE firm
focused on industrial decarbonisation,

FNX is founded. Designs liquefaction supports FNX's transformation as an

plants. owner operator of biomethane plants.

CycleO

project in Catalonia.



Creating value for farmers & rural communities.

Fossil fuels are long cycle
carbon, a

Renewable energies such
s renewable gas.
biomethane) deliver an

endless cycle of re-use.

- the source is not
exhausted by use

Cycle{J

8arbo ?ased compounds

erive
ratWer than fossil
fuels

or t e rgoleercuIeE?a rseitclruual
and can Be gsyed
Supporting

barns and marine Fu%l Sl

New long-term revenue by

alorising waste feedstocks
zlllvestock slurry and crop
residues)

replacement with dlgestate
- rich, organic subsfitute

Meeting environmental
obligations by

41
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Challenging dominant
assumptions on scaling-up
biomethane from manure

Francesca Magnolo
23rd October 2024
European Biogas Conference



Do you consider manure
as a waste
or
as a by-product of animal farming
operations?

(EU



Waste: “any substance or object which the holder discards or intends or is required to discard"

unless:

e the further use of the substance is certain
e capable of being used without any further processing
e is produced as an integral part of a production process

e its reuse must comply with regulations, ensuring no harmful effects

Credit: S'ch'é.l:lhi,'bixabay
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Meat and diary Biomethane
products and digestate

Land use Feed Feedlot and
change cultivation grazing

Steps overlooked by Life Cycle Assessments and EU renewable energy policy

in the RED, manure is a waste with 0 environmental burden until its collection
(Annex V,VI,1X)



Emissions reductions?

e EU emissions from agriculture (EEA, 2023): 17% manure management and 48% enteric fermentation
e Highest environmental impacts associated to manure production is feed cultivation (Cherubini et al. 2015)

e A survey of LCA experts shows that 65% would consider manure as a by-product (Kytta et al., 2022)

(I
ggdit:p RALAXIS, Shutterstock.
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e |[EA is giving the dangerous message that biogas can allow the expansion of industrial livestock farming
without additional impacts (IEA Bioenergy, 2020)

e Current figures used for manure potential (2023-2035): - 0,6% beef and pigmeat, +0,4% poultry

e Herd size increases the U.S. - case studies with 3.7% growth year-on-year: biogas upscale as strategy for

methane reduction by the Biden Administration (FoE 2024)

Emission reductions of the livestock sector in line with the Paris Agreement:
e ~50%in 2030 and -61% in 2036 (Harwatt et al., 2024)

(EU



EU strategic autonomy and food security?

Origins of EU27+ soy products

Ukraine e 72 % Import of protein-rich animal feed
Paraguay 0.7 MMT (FEFAC, 2023)

Rest of the world

EU production . . .
e 36% of agricultural imports from Russia are

protein-rich animal feed (DG AGRI 2023)

Canada

Argentina . . . .
g 16.2 MMT e Major contributors for imports of primary

crops: Brazil, Ivory Coast, Ukraine, Australia,
Canada, and US (JRC, 2024)

us.
4.9 MMT e 67% of crops in EU used as livestock feed

33.5 MMT in imports + 2.7 MMT EU27+ Production Source: Eurostat, Comtrade & Swisslmpex

)FEEI] (IDH European Soy Monitor 2024)

BACIKED



Upscaling biomethane from manure

1) Not reducing emissions and ILUC, just hiding them

2) Animal feeds become the new energy crops

3) Replacing a natural gas dependency with an animal feed dependency




Major policy inconsistencies

EU nature restoration law

Regulation on Deforestation-free Products
EU protein strategy

Corporate Sustainability Reporting Directive
Corporate Sustainability Due Diligence




Recommendations

 End incentives to manure as biomethane feedstock: remove animal
manure from RED Annex IX and emission bonus -54C0O2eg/ton manure

e Reclassify manure as by-product and revise RED emissions accounting
methodology

« Moratorium on new or expanded factory farms, including those with
biogas and biomethane plants



Thank you for your YFEED
attention! BACKKEU

Bibliography

(for more email me! fc.magnolo@hotmail.it)

EEA 2023: Greenhouse gas emissions from agriculture in Europe

|IEA Bioenergy 2020: Potential and

utilization of manure to generate biogas in seven countries

FEFAC 2023: Feed and food

DG AGRI 2023: Agri-food statistical factsheet EU-Russia

JRC 2024: EU land use footprint: modelling_the land needed for EU consumption
EU Commission 2024: Protein supply and demand

FoE & SRAP 2024: Biogas or Bull***
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Green Horizon Narrator Award
Finalists

lllRenera

Consorzio Italiano Renera
Biogas




Safety First Award

Finalists

Schulungsverbund
BIOGAS

)2

German Biogas Prodeval
Training Network




Biogas Problem-Solver Award

Finalists
;, ’ ‘ agriportance. ’
Puragen
D4 4
CPL/Puragen Agriportance

Activated Carbons
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Women Trailblazer Award
Finalists

Miriam Weissroth Anita Bednarek
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European Biomethane Week

European Biogas Conference 2024. Breakout session 1
— EU Just Transition policy framework & whole-of-society approach —

Brussels, 23 October 2024

Frank Siebern-Thomas
Fair Green and Digital Transitions, Research
DG Employment, Social Affairs and Inclusion




Job creation opportunities and labour market transitions

uneven impacts - territorial and sectoral dimensions
Jobs at risk vs. potential of renewable energy production
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The green transition 889%
should not leave

anyone behind Teil ngeee

Feel a personal responsibility
to act to limit climate change

77% 21%
Total ‘Agree’ Total ‘Disagree’
2%
Don't know

Should personally do more than what they are
doing to contribute regardless of what others do

72% 25%
Total ‘Agree’ Total ‘Disagree’
3%
Don’t know

8%

Total ‘Disagree’

4%

Don’t know

51% think that policies
to tackle climate change will

create good quality jobs 57% think that policies
(in terms of eamings, job to fight climate change will
security and quality of create more new jobs
the working environment) than they will remove

61% 27% 12% 57% 29% 14%

I Total ‘Agree’ I Total ‘Disagree’ [l Don't know

How do Europeans see the green transition?
EXxpectations, opportunities and concerns vs. signs of backlash

S3590 think the current level of energy prices
for people in their country Is a serious problem

M Total "Serious’
M Total ‘Not serious’
B Don't know

460/0 agree to consider they are confident that by
2050 sustainable energy, products and services will
be affordable for everyone, including poorer people

46% 48% 6%

M Total B Total B Don't
‘Agree’ ‘Disagree’ know



How do Europeans see the green transition?
Support for political action

support fo r Increasing their country’s investments 890/
. . in public transport infrastructure
policy actions
to advance a fair Subsidising people to help make their homes more enerqgy efficient, 890/
. especially poorer people and the most vulnerable households
green transition
Encouraging private companies, through rules and incentives,
W Total ‘In favour to (1) reduce their emissions faster, (2) switch to more energy-efficient 87%
B Total ‘Opposed’ production methods, (3) adopt more circular and sustainable processes and
0 Don't know (4) retrain their workforce as needed
0
Taxing products and services that contribute most to climate change, 71%
and redistributing revenues to the poorest and most vulnerable households
Allocating a quota of energy to each citizen to ensure everyone makes 62%
their fair share of effort to tackle climate change
European

Commission



EU Just Transition policy framework
- where do we stand?



EU just transition policy framework

Strategies, policies and targets

v' European Green Deal (European Climate Law, 2040 Climate Target Plan) Financial support

v European Pillar of Social Rights and Pillar Action Plan v Just Transition

v' European Skills Agenda and Skills Pact; Action Plan for tackling skill and Mechanism/Fund
labour shortages
v" Social Climate Fund

v EU industrial policy, incl. Net-Zero Industry Act

_ o v' Recovery and
Guidance and Monitoring Resilience Fund

v' Council Recommendations on ensuring fair transition towards
climate neutrality and on strengthening social dialogue in the EU;
sec(toral social dialogue; green collective bargaining

v European Social
Fund +

v Policy mainstreaming and fair transition analysis in European Semester 7 o

v' Updated National Energy and Climate Plans and

European
Commission

v' Commission Recommendation on energy poverty



EU just transition policy framework

Council Recommendation on a fair transition towards climate neutrality

1. Policy packages for a fair green transition

. . .. c. Fair tax-benefit d. Access to essential
a. Active support to b. Education, training, i ) ) ]
quality employment lifelong learning systems, social protection services, housing
Empl t iob " Stratei r't hi +  Tax shift away from labour +  Energy investments,
. mployment, job creation . rategies, partnerships
P ) y J . . gies.p p +  Social protection, well- renovations, social housing
o Working conditions + Intelligence, cooperation ) i .
) o designed income support +  Mobility and transport
’ Involvement, restructuring - VET adulttraining + Insurance solutions +  Consumption (nutrition)

2. Cross-cutting
elements

3. Funding

a. Inclusive whole-of-society approach
« Coordinated policy-making, social partners, civil society, regional and local authorities, public services

b. Evidence-based approach
« Definitions, concepts and methodologies: ex-ante & ex-post impact assessments; R&l; public exchanges

Optimal use of public and private funding

+ EU-level instruments and funding options (e.g. Recovery and Resilience Facility, Cohesion Policy funds, Just Transition
Mechanism, InvestEU, ERASMUS+, EGF, LIFE, etc.)

« Commit and deploy adequate national resources; share best practices among Member States

Implementation by the Member States and monitoring in the context of the European Semester

1st progress review in October 2023 in EMCO and SPC; key messages adopted by EPSCO in
November 2023

Dialogues with social partners and civil society organisations; 2"d progress review in 2025

* Fully exploit

benefits and
opportunities
associated with
the green
transition

Fairly spread
the costs of
tackling and
adapting to
climate
change.

European |
Commission



Monitoring the implementation by Member States
EPSCO key messages (November 2023)

Most Member States make use of existing structures to address the transition challenges, without
comprehensive implementation strategy.

Scope for a more systematic, coherent and targeted approach

Need for more systematic involvement of social partners and civil society actors

Need for better evidence base and a common understanding of fair transition concepts and
policies, incl. green jobs, employment in the green economy, transport poverty, ...

Need to accelerate re- and up-skilling in the transition, incl. through adult education & training.

Country-specific examples & best practices: Strategy (Spain), transition councils (AT, DE),
systematic distributional impact assessment (NL) , dedicated labour inspections (PL), ...

European

European Fair Transition Observatory - Quality Jobs Framework - ... B8 commission




Frank.Siebern@ec.europa.eu
EMPL-Green-Deal@ec.europa.eu

https://ec.europa.eu/commission/presscorner/detail/en/ip 21 6795
ress/press-releases/2022/06/16/council-takes-action-to-ensure-green-transition-is-fair-and-inclusive

© European Union 2023

Unless otherwise noted the reuse of this presentation is authorised under the CC BY 4.0 license. For any use or reproduction of elements that are — European
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not owned by the EU, permission may need to be sought directly from the respective right holders. .
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Parallel breakout

Inclusive biogas: with the
communities for the communities

Roozbeh Feiz

Associate professor

Biogas Research Centre, University of
Link6ping, Sweden
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European Biomethane Week: European Biogas Conference 2024
Breakout Session 1 — Inclusive biogas: with the communities for the communities

What kind of biogas system do we want?
A multi-valorisation perspective

Roozbeh Feiz

Associate professor (docent)

October 23t 2024

Biogas

LINKOPING
UNIVERSITY

Research
Center



AD supports system building through synergies

S D
A= @ Land sector

Agriculture / aquaculture
(biomass, residues, nutrients)

ll ! ~ Animal husbandry

(carbon storage and utilization)

Food industry

(waste, byproducts, use of bio-CO,)

Biofuel production EJ
—

(waste, byproducts)

(@) )
()
Pulp and paper industry

(waste, byproducts)

A

V} A\ 4 \ 4 A\ 4

Biogas & biofertilizer
production plant

_ Energy system

A

— (organic waste, WWT,

y 3

" (manure)

(biomethane / heat / power)

Cities and regions

:::-I :
-Ollll
IIIIIII

public transport)

\

~Transport sector

(wastewater, byproducts)

78

A

" (bio-CNG / bio-LNG) @'
LB

NG S

® |

E-fuels & Power-to-X
(use of bio-CO,)

& o
‘e
Recycling sector

(separation)

Biogas
Solutions
_ Research
4| Center

LINKOPING
II.“ UNIVERSITY



More biomass, strengthen soil health and fertility
through intermediate crops, use biofertilizer,
reduce imbalances in nutrient distribution:
Biogas done right, carbon farming, ...

Farm
Biogas
production
concepts
Wastewater treatment, waste Increased valorisation and diversity of
management, transport and City Biorefinery products, increase the competitive
nutrient recycling: advantage of industries, remove
Nordic Biogas Model bottlenecks for sustainable growth:

biorefineries, anaerobic biorefinery

Biogas )

79 Rescarch IR NS,

Center
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Biogas enables using O
° o o 37
nutrients efficiently
50 20
178 85
. 10 10
Biogas plants can serve as - -
nodes for more efficient a4 g 782 g
. . . o o
redistribution of the 1 = -
nutrients (example P). a o
1686 s 2182 S
= 1S
-1 g -1 g
. . € £
Considering, local (5x5 km?) a1 < e %
fertilization with P, we could 0
. - -10
theoretically cover almost all
of the P demand and 40 % of 270 47
the N demand in Sweden. 50 50
34 3
-00 oo
\ J
Bi
80 Metson, G.S., Feiz, R., Quttineh, N.-H., Tonderski, K., 2021. Optimizing transport to maximize nutrient recycling and green energy recovery. Resources, Slomg]taiins I LINKOPING
Conservation & Recycling: X 100049. https://doi.org/10.1016/].rcrx.2021.100049 Research I.“ UNIVERSITY
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Landfilling

Energy

Energy

Landfilling with
gas capture

Incineration

Energy

LINKOPING

Syster_n Orga: ic Nutrients Syster_n Nutrients System orga: ic Nutrients
synergies waste synergies synergies waste
Avoided disvalue Avoided disvalue Avoided disvalue
Energy
" Energy
Composting
43 €/t
142 €/t . .
Bio-LNG Biogas production
System Nutrients can come with
synergies 't'
positive
System , externalities for
. > Nutrients .
synergies surrounding
Avoided disvalue Biofertilizer commun |ty !
Gatefees
38 €/t
80 €/t
Biogas
81 Total (2021): 116 €/t Solutions I
Research I.

Total (2022): 314 €/t . .
otal (2022) / Avoided disvalue

‘ Center

UNIVERSITY



The changing framing and identity of biogas solutions

Sustainability — direct and indirect system effects Here & Now!

Multi-valorization
Cicular and biobased economy — Nutrient flows

Avoiding disvalue
Energy and climate — carbon focus

System synergies
Waste treatment — hygienic focus

Positive externalities

Dynamic opportunities

Biogas
o Solutions I LINKOPING
‘ Research Io“ UNIVERSITY

Center



Thank you for your attention!

roozbeh.feiz@liu.se

Biogas

LINKOPING
T RS Solutions
: Center




Parallel breakout

Inclusive biogas: with the
communities for the communities

Sabine Tauber

Project Leader

European Federation of Agencies and Regions
for Energy and Environment (FEDARENE)
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» EngGIKONTOR g‘ F E DA R E N E Mer biogas!

A4

For et hillbart Sverige

Samhallsnyttan med
biogas - en studie i
Jonkopings lan

Gap-analys dver vilket underlag som fattas for
att géra en komplett bedémning av
samhallsnyttan med biogas

Socio-economic and
environmental
externalities of biogas

are rather well studied
(in Sweden)...

RRRRRRRRRRR

SOU 2019:63

Minskade
vaxthusgasutslapp

Okad energitrygghet

...on ageneral level

VARDET AV DEN SKANSKA BIOGASEN

En samhdllsekonomisk analys av biogasens nyttor M. W
)/ 8 i Biomassa & Godsel I Kokad sysselsattning
Minskad anvandning av —_— -_—
September 2018 konstgodsel ’v‘ Biogddsel 9
: AN ¢ Okade exportmajligheter

S/
&

Okad resurshushalining

(/.
%,
%
\:«,

Forbattrad luft

STAD

Figur 1: lllustrativ bild av nyttorna som vdrderas i rapporten.




= ENERGIKONTOR # FEDARENE

Nimby for Biogas plants?

Experiences Auvergne Rhone-Alpes study “Inclusive Experiences from
Biogas: With the Communities, for the Communities” southern Sweden

: : : Size
YES: In project phase for agricultural of local

methanisations on non-isolated sites. 10-15% of projects
have acceptability problems, fears: odours, traffic, property
prices, risk of explosion

Location

Interconnected
[o]or=11)Y,

Type of biomass

No/very low: for community units using sewage sludge,
Industrial units on their own site Ownership/Business

model

No, one the biogas plats of whatever type is running




& svp O HONTER # FEDARENE

For inspiration, some positive
cases from Sweden
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MARENOR KLEVS GARD

Processvatten & restro | T

Renahav part of
Sotenas
Symbios-center T

2,
7

|
Before SMOGENLAX SWEDISH ALGAE HANDELSTRADGARDAR SMOGENBRYGGARN
FACTORY

» Fears from neighbours: odour & landscape Sotenés kommun
» many appeals in permit process - |

After
» No complaints afterwards
» Local benefits: more jobs, greener food industry & farming




= ENERGIONTOR g+ FEDARENE

Helsingborg / NSR
Biogas part of local climat action plan

» Biogas from food waste, sewage

» Busses, heavy duty vehicles

» Innovative biogas-projects, focus on
circularity
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Gasum Nymolla
Industrial Symbios

» Paper mill important industri for the area

» 2020 Stora Enso together with Gasum build
biogas production facility

» Biogas-process takes care of wastewater
from paper mill

> Bio LNG for 170 heavy duty vehicles
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Key messages

» Promising biogas-cases in many European regions

» Biogas Is pinpointed as a key for energy transition

» Local and regional challenges need to be addressed on
national and EU-level
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Thank you

For more information and contact

Sabine Tauber @EnergyAgencySwe
sabine.tauber@energikontorsyd.se Energikontor Syd
+46 70 306 24 09

info@energikontorsyd.se

energikontorsyd.se/en
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mailto:sabine.tauber@energikontorsyd.se

ENERGIKONTOR
SYD

Energy Agency Southern Sweden

58 municipalities

Four regions (with regional councils)

Four counties (with county administrative boards)
2 million inhabitants (20% of total population)
9% of Sweden’s total area
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LU AL T~ B nll ) JMM_ LN N

®
~ *!/
%

_‘jﬁ gam.l]



"~ ENERGIKONTOR
<. SYD

Our mission

* Reduce the demand for energy
* Increase energy efficiency

* Increase the share of renewable energy /k




Regional Energy Agencies

'A ENERGIKONTOR

Energikontoren
- SYD

SVERIGE

Jamtland Harjedalen

Vasternorriand
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Avec le soutien de: @

La Région

Auvergne-Rhone-Alpes

REPUBLIQUE
FRANCAISE

L s
Fpatur

Fratrranas




Actions to engage communities
directly in biogaz project

Raise awareness of methanisation among local authorities
and of their potential roles in projects.

Support local authorities




= ENERGIONTOR 3+ FEDARENE

Public perception varies

Skane

”Vi har inte flyttat hit for
att fa en djurfabrik framfor

”»

0SS

Lukten. Transporterna. Storleken. Pa Soderslatt vaxer oron for
jattesatsningen Jordberga Resurshub, dar gédsel fran nya
grisanlaggningar ska skapa stor produktion av biogas. Dar aktorerna
ser en satsning pa cirkuldr ekonomi fruktar andra att deras

qd f6r till industri
@ Jonas Nyrén >
‘ Yot
2 Niklas Wihiborg 5

Jatill anlaggning for
bioga$ =" Det kianns som en
mardrom”

Kommunen och lansstyrelsen sa nej men mark- och miljodomstolen ger
Gasum tillstand for den planerade biogasanldggningen vid Réddinge. Efter
kritiken som riktats mot projektet kc beslutet nd som en chock
for de boende i Roddinge.

Biogasanliaggning ska
hjalpa Perstorp AB att bli

Biokrafts planer pa att bygga en stor anlaggning for
biogasproduktion i Perstorp gar in i nasta fas. Nu har ett avtal slutits
med Perstorp AB om placering i industriparken. Anlaggningen blir en
del av kemikoncernens grona omstalining.

g Annsofie Wieland ¥

Perstorp
industriPark




Parallel breakout

Inclusive biogas: with the
communities for the communities

Jeroen Callewaert

Chief Commercial Officer
DESOTEC
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Bringing more sustainability on anaerobic plants, landfill sites

and its surroundings

INPUTS

(FEEDSTOCK)

:'--I I.:.' '(ﬁ
'=
Fe

%
A0
|
. - .
= (W
L= [WEAS 3T | ™ ~ j
mmercia # | Odour control
janic waste Waste acceptation
Run-off water
contol

DESOTEC®

Off-gas
treatment
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\
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i Digestate
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133

Biogas purification
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OUTPUTS

Biofuel for
transport

Biomethane

injected in I

natural gas grid —
, Electricity
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What can a mobile filtration solution bring for the biogas
community?

. 1. Analysis of the purification need
== 2. Delivery and installation of the mobile filter
3. Filtration and adsorption of impurities

4. Recycling and reactivation or production of activated carbon

5. Full neutralisation of all components and creation of valuable
by-products from components




Our innovative solution for landfilled and incinerated spent

carbons from H.,S removal

Challenge

Avoid disposal of high-sulphur loaded activated carbon

+ Compliant Air
Emissions

Steam & Power
Production

| |

AC reception and Manufacturing DESOTEC-made

Inert Storage PFS unit Activated Carbon
Gypsum Construction
Production Industry

DESOTEC®
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Y T el
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Why our solution is the sole circular and most sustainable
choice for you and your community

R&D Team investigated two processes before industrial selection:

Effective and efficient separation of sulphur from
activated carbon

Complete removal and destruction of adsorbed
pollutants (VOC, PFAS, siloxanes and H,S) due to
high temperature

No cross-contamination of pollutants between
clients, safeguarding product integrity

Production of saleable by-products

caust i

Production of a wastewater stream rich in S, VOCs
and Persistent Organic Pollutants (POP, PFAS)

Insufficient removal and destruction of hazardous
pollutants

Loading/ blocking the activated carbon pores,
impacting the quality




DESOTEC®

Sustainable mobile
filtration solutions

Thank you for your kind attention

Jeroen CALLEWAERT

Global Chief Commercial Officier
Jeroen.callewaert@desotec.com
+32 51 246 057

www.desotec.com
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Parallel breakout

Inclusive biogas: with the
communities for the communities

Serenda Vanzetti
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Inclusive biogas:
with the
communities

for the
communities

European Blogas Conference 2024
23rd October 2024

Bruxelles

o
-

Cooperativa
Agricola
Speranza



Cooperativa Speranza’s Stages/Steps

1974: the birth. The first step was to create a «<meat shop»

1974-2008: buy machinery togheter to sostaine the cost and improve farming technique
2008: first biogas plant

2010: second biogas plant, district heating to IRCC

2019: third biogas plant: BIOLNG and CO2

2024-20...: conversion the two plants to produce biomethane and CO2

g Cooperativa
‘ Agricola

Speranza



Biogas Circularity

Agricola
Speranza

‘ Cooperativa



Biomethane’s keys

* SUSTAINABILITY ENVIRONMENTAL

BIOMETANg
L'INCONTRO
FRA AGRICOLTURA ¢
E LOc]S'ﬂCA- ‘

"

* SUSTAINABILITY SOCIAL

* SUSTAINABILITY ECONOMIC

R
m!c“"'ow

* SINERGY

IS

£ Cooperativa
‘ Agricola

Speranza
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Parallel breakout

Inclusive biogas: with the
communities for the communities

Denis Bonvillain

Head of EU Affairs
Veolia
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Producing
biomethane b
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OUR 3
MAIN

GLOBAL OVERVIEW BY ACTIVITY*

Energy
21,3%
Water
42.2%
Waste
36,5%

*breakdown of revenue
by business line

WATER

111
million people supplied
with drinking water

97

million people connected
to wastewater systems

4,130

drinking water production
plants managed

3,506

wastewater treatment
plants managed

WASTE

46

million people provided
with collection services
on behalf of
municipalities

61

million metric tons of
treated waste

533,759

business clients

823

waste processing
facilities operated

ENERGY

44
million MWh produced

46,922

thermal installations
managed

680

heating and cooling
networks managed

2,716

industrial sites managed

115



SOLUTIONS TO ADDRESS

3 MAIN

ECONOMY & ey A e o
REGENERATION L1 I

OF RESOURCES ‘ E I
_ 1 B l‘l

DECARBONIZATION y) =i g DEPOLLUTION

Treatment of hazardous waste

« Local energy » Recycling of plastics and critical

materials o Treatment of micropollutants
Energy autonom . .
) & / o Water neutrality e Soil remediation
« Reuse of wastewater o IAQ

116



VEOLIA, WORLD

OF SOLUTIONS FOR

LOCAL AUTHORITIES & INDUSTRIES

Air quality Waste Clean-up
llecti and treatment
SE::,rlfzs management Auditing, collection ity et i
Smart consulting, : ndustrial utilities
cities for buildings Cus?omer. en ineering Landfill eq""prnent and and integrated
Street relationship 8 8 and biogas  low level waste faciliti
Energy aani services design and build 8 Soil acilities
cleanin cove
energy ) ) eaning recovery remediation management
distribution Microgrids St
and district
network

Cooling system . 2
management industries
Energy

Industrial
production

effluent
treatment

Drinking water

Desalination
distribution

Drinking water

Decommissioning
production and dismantling
Wastewater Biowaste Waste sorting, Hazardous waste Total Waste
8
collection treatment recycling treatment Management ial
Waste and recovery and recycling Industila
to energy process water
Wastewater
freatment Sludge Waste transfer Industrial cleaning
and reuse management center and maintenance "
]
O Discover our solutions on our Website: M

activities.veolia.com L®




Biomethane from agri waste feedstock - Soudan (FR)

Multipurpose platform

Methanization process - 17,000
tons/year of mainly agri feedstock
(manure, liquid manure, crop residues,
iIntermediate crops) + by-products of agri-
food industry

Compost process - 30,000 tons/year
from sewage sludge and green waste

Injection to the grid since 2019 -
22GWhlyear

Annexe a l'offre non-engageante J @ VEOLIA 118



Biomethane from landfill gas - Claye Souilly (FR)

7

np.,s | One of the biggest biomethane plant

In France, operational since May
2024 with an annual production
capacity of 120GWh

Veolia operates the landfill site - Val
POle - which provides the biogas

Waga Energy transforms the
biogas into biomethane thanks to
thelr technology - WagaBox

ENGIE buys the biomethane based
on a 13-year BPA

Lorem ipsULEBIOR S @Vveoua 1




Biomethane from sewage sludge - Sofia (BG)

@veoua 120

Lorem ips
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Q&A Session

Inclusive biogas: with the

communities for the communities
Moderated by Sasha Twining

Frank Siebern-Thomas
European Commission

Roozbeh Feiz
Biogas Research Centre, University of Linkoping

Sabine Tdauber

European Federation of Agencies and Regions for Energy
and Environment

Jeroen Callewaert
Desotec
Serena Vanzetti

Cooperativa Speranza

Denis Bonvillain
Veolia




Parallel breakout

Biogas 4.0: boosting efficiency
with tech wizardry
Moderated by Dirk Bonse

Maja Rosiak
Xylem

Philippe Breuils
Green Data Science

Jhuma Sadhukhan
University of Surrey, UK

Anna Schnurer
Swedish University of Agricultural Sciences

Peter Schley
SmartSim GmbH
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Parallel breakout

Biogas 4.0: boosting efficiency
with tech wizardry

Maja Rosiak

Lead Biogas Center of Excellence
Xylem




xylem

Let's Solve Water

Efficient Biogas production through
optimized mixing, CFD and other
technological solutions

Maja Rosiak

Head of Biogas Center of Excellence

BIOGAS

23.10.2024




25 years
of experience

ot g

> 7 000
installation
references

""""""" 2 000
mixers
delivered
annually
= - SKINNER EEMERED
EnviTec Biogas® Neszinsler S AgSolutions llggjms
® Manure Handling | Biogas | Nutrient Recavery
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CFD Analysis

Digital solution for process optimization and troubleshooting

Iso View

Mixing System Solution:

 Sizing, position and orientation
* Visualization

* Process optimization

« Sedimentation and crust risk

« Short-circuiting and stagnancy
* Troubleshooting

BIOGAS

CwE = xylem



CFD Analysis

Process optimization — biogas digester Wall Shear Stress (WSS) at tank bottom

WSS(Pa) 0 0.89 1.78 2.67 3.56 4.45 5.34 6.23 7.12 8.01 8.9

Biogas production

optimization

 Increased biogas yield
* Increased profit
¢ Savings in maintenance

BIOGAS
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Complete optimization solution

Digital solution for transformative results

= Sense:

« Continuous data collection of system data (PLS), energy consumption data,
weather data, laboratory data and warnings

» Potential identification Comprehensive intake of

ufility network data, sensors

 Integration of the digital model of the system based on real-time data
« Simulation of thousands of scenarios to determine optimal target values

operator intelligence, third-party
inpuis and external
public SoUrces

Aggregate and

« Providing insights into asset performance based on data analytics i J analyze large

Act

amounts of data

Data-informed insights
drive automated control or

* In order to achieve optimal results, suggested measures are implemented actionable operator-Jed

recommendations

manually or
(semi-)automatically

BIOGAS
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Digital Solutions to reduce energy consumption in Treatment Plant

Cuxhaven, Germany

Energy Reduction of
26.3%

Saving 1.1 Million

KWh per year

equivalent to

330 000€/a

BIOGAS

CoE xylem
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Biogas 4.0
Boosting efficiency with
tech wizardry

Philippe Breuils — Green Data Science

p.breuils@greendatascience.ai
European Biogas Conference
Brussels, October 23742024
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Machine Learning
There’s more to it than pure Al hype
2017 ChatGPT

AlphaGo &
2014 p Other LLMs
~1984 Alexa
| 2

Excon
2002
1983 (expert system) Roomba - 2015
Strategi CDARPt'A Initiati o 1998 Y <  OpenAl
rategic Computing Initiative 1985  Kismet 201]:,
1950 ISP > Siri, \/\/a*:[son

The Turing test 1999
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Artificial neural networks are math functions...

SNP 1

SNP 2

SNP 3

SNP 4

Input
layer

Hidden
layer 1

Hidden
layer 2

n O— Wy

Weights

Hidden Hidden Output
layer 3 layer 4 layer

Activation
function

f(Z; xyw; +b)

- Output

Output
Y

Inspired by biological networks which are heavily
interconnected cells often organized in layers in
the neural cortex

Weights : Each connection between neurons
has a weight which modifies the influence that a
given input has on the output. Weights are
adjusted during the training process to optimize
the network’s performance

Activation function : Each neuron applies an
activation function to the weighted sum of its
inputs. This function introduces non linearities in
the model, allowing the network to capture
complex relationships between variables



.. With interesting capabilities...

Linear Classification Non-linear Classification

_1'—51.5 -1.0 -0.5 0.0 0.5 1.0 15




Biogas [N m’]

... well suited to achieve complex predictions
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Daily prediction of global biogas volume™

(*) Sappl, Johannes, Matthias Harders, and Wolfgang Rauch. “Machine Learning for Quantile Regression of Biogas Production Rates in

Anaerobic Digesters.” Science of The Total Environment 872 (May 2023): 161923.




Al: a proven efficiency for biogas

» Academic research in the field of applying machine
learning to biogas production started more than 20 years
ago

> ML algorithms, in particular neural networks, have
always proven efficient at modeling the reactions
involved in anaerobic digestion

» Applications for biogas efficiency are endless:
- Predict the biogas yield with less than 8% error
- Detect foam formation with 24 hours of anticipation
- Optimize virtual pipeline operations
- Determine the best VFA ratios to maximize biogas output




The « Yes we KAN » initiative

> A novel approach has emerged in physics: applying
Kolmlogorov-Arnold Networks(!) to scientific problems

» KANs offer better model accuracy and interpretability
than traditional neural networks

Offered to all EBA members for a limited time

» Green Data Science will forward all costs of training a
KAN algorithm on any biogas plant and share the
results with the plant’s stakeholders

» Visit greendatascience.ai/ves-we-kan

(2): Liu, Ziming, Pingchuan Ma, Yixuan Wang, Wojciech Matusik, and Max Tegmark. “KAN 2.0: Kolmogorov-
Arnold Networks Meet Science.” arXiv, August 19, 2024. http://arxiv.org/abs/2408.10205.




Thank you

https://greendatascience.ai

hello@greendatascience.ai
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Challenges

A core challenge is the ability to reach stable and
enhanced biomethane production across a variety
of operating conditions and feedstocks

The central problem is the prediction of how the
complex microorganism population reacts to
different operational parameters



System Boundary

Storage

Feedstock

Biomass Source 1 | 1 _ | CHP

Anaerobic

_ _ Gas grid
Digestion

Biomass Source |

Biorefinery

Digestate

Biomass
Storage




Methodology

Hybrid Al/ML with uncertaint

Site operations optimisation

Profit

GHG emissions «




Solutions

LCA and TEA implemented

Incorporated into scheduling problem —an
optimisation problem that can be run to maximise
biomethane that also led to the greatest GWP
reduction and profitability

Professor Jhuma Sadhukhan
j.sadhukhan@surrey.ac.uk
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Microbial surveillance of
biogas plants using Al

Anna Schniirer
Swedish University of Agricultural Sciences

anna.schnurer@slu.se




WHAT DRIVES A BIOGAS PROCESS?

A complicated network of many microbes with different functions




Many influencing parameters

Temperature

o Organic Load
Retention time

Substrate composition

—A—

INPUT OUTPUT

UNSTABILITY




50000

40000

30000

mg/L

20000

10000

How we avoid problems today!

Total VFA
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o..“" o® RK 2
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°
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Limitation:

Detection after the
disturbance event and not
in real time

Difficult to know level of
disturbance and when to
react




ndance (%)

Surveillance of the future!

16S: Family Relative Abundance (>2%)
[ 1 R2 [ R3

\ 2021 \ 2023 2021 \ 2023 \ 2021 \ 2023

" Microbial community

| o .
l, |I| , iy e i profiling using DNA based

iiI\IJ i In mlinl\nl Iim.tmil

1004

Each sample generate 10-
20 000 “reads”

254

By machine learning it is
possible to recognize
disturbance patterns

PO - DO TVOCITOROCE

SHA-98-NA Thermacetogeniaceae
pl W Tissierellales-N
Syntrophomonadaceae UBA4971
idimi ae B z-Minor(<2%)




Al supported microbial surveillance

Identifies process disturbance at an early stage
Reduces the risk of operational failure

Enables more efficient biogas production

Can assist with startups




Thank’s for listening!
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Gas Quality Tracking
to Support Integration of
Biomethane in Gas Networks

European Biomethane Week, Brussels, 23" October 2024
Dr. Peter Schley, SmartSim GmbH

SmartSim



(
Example of a regional distribution grid in Smart 2
Denmark with 4 natural gas and 5
biomethane entry points (February 2022)
&1 ;i Biomethane injection
%: Calorific Value (CV) of biomethane and
natural gas differ by up to 10 %
billing with a volume weighted mean CV
only possible if CV of biomethane is
increased by admixing LPG
high costs and negative environmental
impact
; Gas Quality Tracking avoids admixing of
al A ;% o LPG or investing in measurement
| £ devices

160




Digital Solution based on Gas Quality Tracking SmartSﬁ‘l

Windows based software which allows
intuitive operation

in accordance with I1SO Standard 15112
(Energy determination), including an
uncertainty calculation based on Monte
Carlo simulation

integrated calculation kernel ensures
short computing times

Gas Quality SmartSim 2.4 - ZSSMMO RS KVS and RIS closed

File Start Calculation

EH0 @ B ® H +
© %S i v e e H il s -
Reload Check Topology Start Run Release  Create  Withdraw | Exporters Debug Volume Entry Reports
v v view caleulation MCS v | dataset correction release v v charts v charts v v
Data Calculation Billing Exporters Analysis ~
2020 MIRSELY Billing 2020-03 X Billing 2020-03
I January
Element Data District - 24
I February Q Q O O
o Search ‘ﬁ
4 March Data import and preparation Caleulation Uncertainty calculation Release  Controller
- . I Customer value
Billing data Informati T at 4 Topol 4 Volume bal 4]
(Dsitingdata~ information e — L4 | Topolagy [3 Volume balance B b Costomer wa
b April 2020-03 Minimum Average Maximum : ':I:ze
I May Billing data 0.8 °C 4.3 °C 7.6 °C I SLP Profile
Deviation
b Last updats ! elve
une ast update: 15 )
11/12/2020 16:56:38(+1 - 1 .5 A]
b July SLP calculation: 10
11/12/2020 16:56:52(+1
b August Calculated: S s A L .
I September 11/12/2020 170808(+1 2 7 T [ LLI » SLP correction (5]
Uncertainty calculation: = I
I October - g0
Released: g |P'°Peﬂi=5 |Vi|“=
I November B g ) .
e 5 relative correction
|- December
0,
-10 10.8 %
-1
Input/Output Customer types 2 % limit [4 Uncertainty distribution [

H: -

max. deviation of CV in

thon -
T Topology Manager | ] | ] ] \ e
0 2 4 6 8 10 X -

0.6 %

RO
D Data Manager million m

% Messages ZSSMMO RS KVS and RIS closed
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Input data for SmartSim
Grid topology
volume flows at entry and exit points

yearly consumption/standard load profiles at exit
points where no volume meters are available

gas qualities (CV) at all entry points

Calculation
Grid Simulation (pressure, flow velocities in all pipes)

tracking of “gas packages” through the grid with a
new developed algorithm

calculation of CVs and further gas quality properties
at all exit points

regional distribution grid

Hs,l

Vi > =@

city grid

100 % natural gas

mixing zone

Smart

100 % biomethane

162



Development of Biomethane in Denmark SmartSim
and How SmartSim Supported its
Integration into the Gas Network

50.0%

* Currently, 40% of Denmark's gas demand is 45.0%
supplied by biomethane 40.0%
35.0%

30.0%

25.0%

20.0%

15.0%

10.0%

5.0%

0.0%
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2020
2020
2020
2020
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2021
2021
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2021
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Source: https://en.energinet.dk/gas/biomethane/ 163



https://en.energinet.dk/gas/biomethane/
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Smart

Gas Quality Tracking is an efficient method to ensure correct billing when injecting biogas

the SmartSim method is already being successfully used in many European countries today
(i. a. Austria, Denmark, Germany, Ireland, Spain, Sweden)

the further implementation of gas quality tracking will help in the decarbonization of gas
networks in Europe

165



Q&A Session

Biogas 4.0: boosting efficiency
with tech wizardry
Moderated by Dirk Bonse

Maja Rosiak
Xylem

Philippe Breuils
Green Data Science

Jhuma Sadhukhan
University of Surrey, UK

Anna Schnurer
Swedish University of Agricultural Sciences

Peter Schley
SmartSim GmbH
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HARMEN'S
BIOGAS BUILDING

CHALLENGE

Biogas: can a vision be pragmatic?
Live double interview

Harmen Dekker Tatiana Marquez Uriarte
CEO Member of the Cabinet of the EU
European Biogas Association Commissioner for Energy

European Commission

EUROPEAN
BIOMETHANE
WEEK
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An objective of net zero by 2050,
together with society

Our energy mix in 2050
CCS: 50-10 Mt CO.e

©06

Oil, LNG and natural gas

®o e

Decarbonized molecules

rEQ

Renewables
and electricity

25%

25%

50%

0.2-0.3 Mb/day

10 Mtlyear of polymers

25-30 Mt/year

50+ Mt/year

Je

Qe ®

-

TotalEnergies

Oil

= Maintain production to keep pace
with changing demand

= Align sales with production

Gas
= Grow in integrated LNG production

= Increase production and sales of LNG,
especially in countries where it can
replace coal

Electricity & Renewables
« Become an integrated operator in electricity
= Renewables: 100 GW in 2030

New Molecules
= Grow in biofuels (SAF), biogas, CCS
= Launch pioneering projects in hydrogen



The energy transition’s three pillars *e

TotalEnergies

Ensuring that the world's growing population has access
to the affordable energy necessary for human
development

Ensuring energy security in
every country
(risk of unavailability and soaring
prices)

s Decarbonising energy to limit the effects
in terms of Greenhouse Gases (~2/3 of

which come from energy)



How to unlock the energy transition’s potential?

e

TotalEnergies

OPPORTUNITIES a @ ROADBLOCKS

et
piid

Ll

O
o

1
F
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b

Mounting public awareness

"Green competition" amongst countries and
industries

Electrification growing rapidly

Existing "clean” technologies already having
significant impact

Recent acceleration in energy intensity gains

Too few public policies focused on demand and
changing consumer behaviour

Distribution of transition costs not fair enough: —
energy must remain affordable a

Planning, permitting and people bottlenecks ﬁ

Not enough "clean” technologies and R&D 0%

Global South far from sufficiently funded @



Challenges to scale-up biomethane

-

TotalEnergies

To kick-start production through subsidies for To switch to a demand-driven market for compliance
countries that have not yet started injecting biomethane markets or through blending obligations in the gas grid
and where demand is still nascent or to be created or via sectoral targets (e.g., transport).

Support the EU biomethane market through appropriate and harmonised mechanisms

= Set up of ambitious targets to provide visibility to investors and promote additionality

= Secure the trade of biomethane in the EU through the system of GO + P@S, relevant national registries and
the UDB and clarify the way subsidised biomethane will be dealt with

» Provide visibility on the acknowledgment of biomethane in both voluntary (GHGP, SBTi) and compliance (EU-
ETS) markets to build a solid business model through regulatory stability (ESR declarations vs. ETS)

Speed-up administrative procedures

= Permitting and authorisation are key factors of success of REPowerEU
» Need to adapt the regulation and permitting of digestate to simplify its use as a local organic fertilizer

Build a strong and reliable customer's network

= Facilitate biomethane use in hard to abate sectors in a pragmatic way = technological neutrality

» |ncrease available volumes in line with 35bcm objective and pave the way for 2040

= Remove market barriers to reassure customers and give them long-term visibility : harmonisation is key




Focus on the French biomethane production

Biomethane production is currently surpassing earlier projections, with 2030 targets to be raised from 30TWh to 44TWh TotalEnergies
(if PPE3 - multiannual energy plan approved). This is an indicator that the market is entering a scale-up phase in terms of
production and gives visibility in the medium-term of biomethane supply.

50
w Biomethane production in France and growth scenario* 2 4 o 9 1
45 ] 44 [ ] /0 ( TN1
injected in 2023 (+ 2.1 TWh compared with 2022)
40 +
35 +
20 @ 11.8 ™
30 1 s of booked capacity in 2023
.g ) 7 (+0.7 TWh/year over Q4-2023, and +2.8 TWh/year in 2023)
25 1 F Prod 2023 : 9.1 TWh 20/
: 7/
20 - s o~ = ~ 21 — 0
Prod 2022 : 7 TWh i
P 7 @ 15/0 '44 TWh Sector
159 Prod 2021 : 4,3 TWh _ - 7 of green gas in the networks in 2030 Ambition
i : v =
v 7 = 14
10 Prod 2020 : 2,2 TWh —————
zZ =
a s ) 652
01 02 04 07 )/ © (=t
0 , , , units dedicated to injecting biomethane into the network in
2015 2020 2021 2022 2023 2025 2028 2030 2023 (+ 138 in 2023, including 18 landfill sites and 47
WWTPs)
Current injection — — PPE2019 - Bestcase =— = PPE2019 - Low case PPE2024 — Imagined pathway

*Source: PPE / GRDF



Key message : speed & ease

Biomethane Industrial Partnership

On target towards 2040 implies doing everything
possible to exploit the identified potential as
quickly as possible, as a complement to other
renewable energies

2030 ambition

> Speed 35 bem of injected biomethane
Accelerate biomethane development via both production and A VISERS DI TS
GHG targets at consumption. Active role in BIP Europe’s TFs st by My i
and WBA #MakingBiogasHappen program to support the s R
energy transition and sustainable development of territories. @

2 Ease

ACCELERATING

Ensuring a supportive regulatory framework is crucial, with a = BA BIOMETHANE
full recognition of biogas and its co-products (digestate and ‘ el PERMITTING
bioCO,). This includes providing subsidies, tax incentives, and Association S
streamlined permitting processes for biomethane projects. QAT f) s

2040 ambition

The trajectory for biomethane in 2040 will lie on ambitious

L/
production targets, national initiatives, and stable financial & o GREENHOUSE N yé"

GAS PROTOCOL N

WORLD BIOGAS

ASSOCIATION

I\

regulatory mechanisms for both producers and consumers

|




TotalEnergies

Thank you for
your attention
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The role of biogas and
biomethane in the 2040

energy transition
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Sustainable production potentials for biomethane are hotly

debated and remain unresolved

Estimated biomethane production potential, EU27 Estimates for sustainable biomethane
production potentials ranging from 17.5-

B FEU
151 B Gfe

41

2030 2050

182 | GfC (2022): Biomethane production potentials in the EU; IFEU (2022): Biomethane in Europe

41 bcm in 2030 and 29-151 bcm in 2050.

Key concerns:
1.

Expected reliance on energy and food crops
leading to higher direct and indirect emissions

Competition for limited sustainable feedstocks
with food and other bioenergy (e.g. biofuels)
and biomaterial uses

Economic cost limitations
Methane leakage



Feedstock & sustainability - not all biogas/-methane feedstocks

are equal

Life-cycle greenhouse gas intensities of biomethane pathways
using 100-year GWP*

Biomethane GHG Intensity
150
M Gaseous biomethane — — REDII fossil comparator

100

g= ="

-100

-150

Biomethane GHG intensity (gCOze/MJ)

-250
Wastewater sludge Landfill gas (LFG) Manure Silage maize

1 Searle, S., Baldino, C., & Pavlenko, N. (2021). Biomethane potential and sustainability in Europe, 2030 and 2050. ICCT.

183 | *Error bars represent key parameters influencing the emissions of each pathway !

Different feedstock sources yield very
different carbon intensities for biomethane
production .

Biomethane upscaling needs to be focussed
on manure & biowaste methanization

> A comprehensive EU definition for sustainable
biogases is needed.

> Couple subsidies to sustainable feedstock i.e.
focus policy support on waste and residues (e.g.
RED Il Annex IX feedstocks)

> Set caps for unsustainable feedstock based on
rules for transport sector in RED

- Establish minimum shares for waste & residues



Total demand for biomass is set to increase significantly and there
will be limits to what we can sustainably supply

@ Solid biomass from forests (incl. net imports) @ Co-products from the processing of forest biomass
@ Dedicated crops and residues for biogas and first generation biofuels
@ Lignocellulosic crops* Paludiculture @ Waste and recycling

184 |

2000

1000

Demand and supply of biomass in the EU

[TWh] Biomass supply
3000

Last available 2045
data (2024)

*e.g., short rotation coppics, agroforestry, miscanthus

Biomass demand

@ Residues for biogas production

A new Agora Agriculture study, which is based
on an efficient allocation of biomass, projects a
20% increase in demand for non-food, non-feed
biomass uses between 2020 and 2045 — in
particular for materials

The EU’s current policy framework lacks
coherent, long-term incentives to stimulate a
bioeconomy that efficiently utilises biomass.

The revision of the EU Bioeconomy Strategy in
2025 should include an action plan for the
efficient use of biomass in the bioeconomy,
including measures for carbon removal.

Energiewende

Agora Agriculture based on Agora Energiewende (2023), Dahms et al. (2017), European Commission (2021), Eurostat (2023), Material Economics (2021). Agora c



Achieving technical potentials is also limited by key restrictions

Technical bioenergy potential® of residue biomass
for anaerobic digestion in 2045, EU

89
Biowaste 171

and sewage Straw and
sludge haulm

625 TWh

128

Winter catch
and cover crops

185 | Agora Agriculture based on CAPRI results. *This includes all residue biomasses minus losses. The economic potential is lower.

Agora Agriculture estimates an annual technical
potential of agricultural residues, organic

municipal waste and biomass from semi-natural
features in the EU in 2045 at 625 TWh = 64 bcm.

However, the economic potential is estimated to
be far lower due to several key restrictions:

* Maximum transport distances for biogas substrates
e Sustainable removal rates of crop residues.

* Competing uses of crop residues and organic waste

The mobilisation of these substrates will
determine the realizable potential on a
sustainable substrate basis.

Agora O
Energiewende



Currently there are no methane-related obligations for
biogas/methane production (only as of injection)

186 |

Special characteristics of biogas infrastructure
(small-scale and less industrialized) = increased
risk of leakage and high range of uncertainty
(up to 15% leakage rate)

Processing & digestate storage most leak prone
— MRV needed at site level

Biomethane leakage can quickly neutralize the
gains from CO, capture

Targeted revision of the Methane Regulation
needed to close the biomethane regulatory gap

Best practice DK: new regulations requiring MRV
& fixing leaks to max 1% from 2025 in biogas
plants



Upgrading requires thinking about the role and management of
biogenic carbon along the full value chain

Technical bioenergy potential* of residue biomass
for anaerobic digestion in 2045, EU

ccu/ccs?
\
/ \
Atmospheric carbon into — Biogenic
sustainable biomass? Leakage before carbon from Biogenic
upgrading carbon from

upgrading combustion?

Biogas reactor

= Biogas upgrading == Biomethane offtaker

187 . ; . .
| 2 in case biomethane is used for energy purposes or H2 production

1 assuming a 50-70 % CH4 and 30-50 % CO2 content in biogas, depending on feedstock composition and biogas recovery technology

CO, needs to be captured during 1) upgrading and
2) use of biomethane to obtain negative emissions.

4-22 MtCO, of biogenic CO, from upgrading of
biogas to biomethane in EC 2040 IA.

Need overall biogenic carbon (infrastructure)
strategy including deployment of CO2
infrastructure, a chain of custody for CO2,
guardrails for sustainable feedstocks and better
biomethane leakage control.

Link biogas/methane upscaling with CCS rollout

* Higher FiT for CCS integration in upgrading plant

» Adapt biogas/biomethane upscaling pace to CCS
readiness through flexible production target



A recent Agora climate-neutrality scenario for Germany projects a

decline in total demand for biogases by 2045

Total demand Biomass demand by sector

330 327

Energy Industry Transport
150 148
38 31
37 31
2020 2045 2020 2045 2020 2045 2020 2045

@® Solid (material)

® Solid (energy)

Liquid @ Gaseous

| Agora Energiewende, Prognos, Oko-Institut, Wuppertal Institut und Universitit Kassel (2024): Klimaneutrales Deutschland — Von der Zielsetzung zur Umsetzung.
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Thank you for
your attention!

Are there any questions or comments?

andreas.graf@agora-energiewende.de
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BIOMETHANE:
BUILDING BLOCK OF A
RESILIENT TRANSITION

European Biomethane Week, Brussels, 2024
Giulia Cancian, EBA Secretary General
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THANK YOU!

Giulia Cancian
cancian@europeanbiogas.eu

Re-thinking our economy. Making the energy transition happen.

wWww.europeanbiogas.eu BSlow us on « D% | in



http://www.europeanbiogas.eu/
https://www.linkedin.com/company/european-biogas-association/?viewAsMember=true
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Revolutionizing biogas
upgrading:

Evonik's innovative o oA 7 AR
membranes N VRWNY "7 <%

Dr. Goetz Baumgarten
European Biogas Conference 2024
Brussels
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Evonik at a glance

€15.3 bn

Sales

€1.7 bn 10s%

Adj. EBITDA (margin)

€801 m 5%

Free Cashflow (conversion)

€1.17 >6%)

Dividend (yield)

FY 2023

2 | Revolutionizing biogas upgrading - Evonik's innovative membranes | Dr. Goetz Baumgarten

LEADING

BEYOND
CHEMISTRY

Specialty
Additives

Small amount —
big effect

Nutrition & Care g

Life at heart. e
Systems in mind.
Partners at hand.

Smart Materials

We find solutions
for the needs
of today and tomorrow e X7

@ evonik

Leading Beyond Chemistry



We achieve outstanding membrane performances with our polymers
Properties of Polyimide result in best selectivity and permeabillity results

=P f E ik = Semifinished ducts fi E ik o
Bl = Polymers from Evonik i = Semifinished products from Evoni SEPURAN® Hollow Fibre Membranes

E : Our polyimide product
E -T]®} fam|!y exhibits mark.et = High Efficiency: SEPURAN® membranes offer
m leading gas separation . . . .
- [Pall roperties exceptional gas separation efficiency, making them
E High-performance I " P highly effective for various industrial applications.
o polymers I e = Robust Design: The membranes are designed for
T . eS| durability and reliability, ensuring consistent
Y W os 1012 . -
o [Pass performance even under challenging conditions.
I
- Transp. PA | pa101d| PAG12 | = Versatile Applications: They are suitable for a
I - o1/ wide range of applications, including biogas
Engineering m 3 I = v upgrading and nitrogen extraction, providing
polymers I ' flexibility for different industries.
g ' damaseamesmesmeansRersansansannas = Innovative Technology: Evonik's advanced
Z Commodity i membrane technology and continuous innovation
Em polymers : keep SEPURAN® at the forefront of the market.
o
© amorphous : crystalline
3 | Revolutionizing biogas upgrading - Evonik's innovative membranes | Dr. Goetz Baumagarien EVD n I K
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SEPURAN® Green Membranes - Leading the Market Revolution!
Continuous market adaption is key to success

Invention of P84®

i : Portfolio expansion
polyimid chemistry

allows high flexibility

at Evonik ; New fibre type increasing Lthink big"
: an? agaption performance significantly launch of project ELVIS
I Market entry of | I !
I SEPURAN® Green I I | New generation of
: Invention of 3-Stage process ' ] ! : ! spinning line will further
i 1 : Continuous expansion and development of : boost production capacity
[ ! 2012 I hollow fibre and module production capacity 2023 " '
[ . | 1 1 1
1984 2011 ! 2016 2017 2019 2021 2023 : 2024 2026
[
- 1

Evonik's 1000t biogas
reference plant fully live
and operational

First grid-injection plant with
SEPURAN® membranes
realized in Poundbury, UK

4 | Revolutionizing biogas upgrading - Evonik’s innovative membranes | Dr. Goetz Baumgarien EVU n I K
Leading Beyond Chemistry



Evonik sets new standards: Inventor of 3-step process for biogas upgrading
Best optimum of investment and operating costs for CO,/CH, separation

PATENTED 3-STAGE
2-5TAGE MEMEBRANE- MEMBRANE-BASED GAS

BASED GAS SEPARATION SEPARATION PROCESS
PROCESS

1-5TAGE MEMBRANE-
BASED GAS SEPARATION
PROCESS

S

S 1

CO, with
high CH, slip

medium CH, slip

= CH, at high pressure » CH, at high pressure » CH, at high pressure
= High CH, purity = High CH, purity = High CH, purity
= Low CH, yield * Medium CH, yield = High CH, yield
* High CH, slip »  Medium CH, slip » Low CH, slip
5 | Revolutionizing biogas upgrading - Evonik's innovative membranes | Dr. Goetz Baumgarten @ EVD n I K
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Technology of choice
SEPURAN® Green Membranes make the difference

Highest product purity
& methane recovery

10+ years lifetime

Maintenance-free Process optimization

Modular set-up allows | A Simplicity of process
highest flexibility | and operation

Innovation Leader

High leverage on process improvement by membrane as center-piece

7 | Revolutionizing biogas upgrading - Evonik's innovative membranes | Dr. Goetz Baumgarten @ EVU n I K
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