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European Macro Context

Fit for 55 UWWTD
100% energy neutrality by 2045

European Green Deal
Climate neutrality by 2050 -55% GHG emissions by 2030

RED (Renewable Directive) REPowerEU

Promotes renewable gases and green Energy independence from fossil fuels
hydrogen deployment.

Strategic Focus

Need for Renewable Gases: 35 bcm
biomethane by 2030




Europe’s figures

Total Biogas + REPowerEU
Biomethane Biomethane Target

5'2 bem/yr 22 bem/yr 35 bem/yr

Biomethane

Source: 15th EBA Statistical Report




Spain’s figures

Installed Capacity 2030 oOfficial Targets Technical Potential
Status in 2026 National Biogas Roadmap Sedigas Assessment

lo4 TWh/yr 10.4 TWh/yr 163 TWh/yr

PNIEC Target

20 TWh/yr

Source: Hoja de ruta del biogas del MITECO. Plan Nacional Integrado de Energia y Clima. Estudio de la capacidad de produccion de biometano
en Espana de SEDIGAS




Main Scaling Barriers
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Permitting & Grid & Regulation & Digestate & Social
Admin Infrastructure Market Circularity Acceptance




Technological Opportunities: Advanced Conversion & Valorisation
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Advanced Thermo-chemical Upgrading & CO2 Digestate &
Pre-treatments to processes to Biofertilisers
maximize biogas unlock feedstock

production
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SEMPRE-BIO at glance

Goals Numbers Locations

< Demonstrate novel and cost-
effective biomethane production 47 |7
solutions and pathways. Months Partners

% Increase the market up-take of
biomethane related technologies.

<  Support circular economy. 7 9-9M

Countries Funding
<  Reduce dependence on fossil fuels.
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Case Study 1:

o European

o Biomethane

CaseStudy 3 Case Sy 2 Innovation
Ecosystem

(Belgium) ~ (France




Case Study I: Baix Llobreqgat (Spain

CO2
biomethanation

Wastewater CNG for
public
Electrolysis transportation

Biomethane
>95% CH,
<2.5% CO,
<2% H,

%r Pretreatment <1% 0,

. Clean biogas <5 ppm H,S
Siloxanes 65% CH, <0.1ppm Siloxanes

35% CO,

P Funded by
3l the European Union




Case Study 2: Bourges (France)

Pyrolysis

Green waste

CS2 Grid injection
Woody, non-fermentable
biomas CO methanation
Patented:
PCT WO 2017/158024
The Terrawatt process PCT WO 2018/210960
Pyrolysis Gas Bio-
Produces cleaning methanation
syngas and Impurities removal Produces biogas
biochar

B Funded by
B the European Union

@terrawatt n@ DTU

== SINTEF



Case Study 3: Adinkerke (Belgium)

Bio-LNG
stored locally

- -8
0
71 )

Cattle manure Cryo CS3 co
Organic waste  separation

conversion
into polymers

Funded by

the European Union
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Advanced technoloqies for efficient valorization of CO2

»

from bio

®

liquified

as/biomethane streams

@ - (e -

Photobioreactor
(PBR)

Microalgae biomass Algae-based animal

(CS3)

digestate

Biogas plant

PHAs

feed products
Biopolymers @

- Extraction =

Extion Biochemicals é%

: ' Volatile

P Funded by
E the European Union
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Case Study 1: Baix Llobregat (Spain)

Feedstock Technology Site
Wastewater co? Electrolysis Case Study 1:
Biomethanation El Prat de LI(ES)

Final use of
biomethane

Compression to CNG
for public transportation
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From linear to circular

Aigues de
Barcelona
Old Paradigm: Sewage Treatment Plant New Paradigm: Biofactory
il it
] | A - Il Valorization of
Waste Water electric power
4
Energy e
consurr?

\ Valorization of
sludges for
agriculture

Waste generators: Generators of biofuels \’ ‘.’
- Sands and thermal energy g
- Sk A Y
Return clean - Grease
water fo the - oR:;geit and large : l
environment S
2 e 2 ter [
2 F el

Water reuse for different
uses



Pilot location o

EDAR del Baix Llobregat
@J WWTP Baix Llobregat,

@ Barcelona -Espanya >
Spain ) ()
B sevpRE-BI0
Sludge ) = |
Energy with guarantee of AT ey ;
Regenerated water - |

Biogas
A 4
Bi Biogas Biomethane
condI?t?(?:in COMETESSN Biological . compression
’ methanation Biomethane
\ l‘g, Clean >95% CH4 a ﬂ.
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Pilot location o

EDAR del Baix Llobregat
@J WWTP Baix Llobregat,
@ Barcelona -Espanya

Spain
Sludge
Regenerated water

Biogas
v .
) Biogas
Biogas compression Biological
conditioning methanation

\ Ec... Clean
= &~ W06 bi_og&

65% CH,

35% CO,

whed by

the Eurapea,

SEMPRE-BIO

Energy with guarantee of (17 '?,_
origin |
Curtailed Renewable
Energy
Biomethane
compression
Biomethane

>

_
>95% CH, a ﬁl
e

L 4

TMB buses



Case Study 1: Baix Llobregat (Spain)

Consumes:
e 20Nmd,/h i 15 Nmdy;,../h
e 100 KW,(BOL) +55 kW,
Produces:
e 15Nm3,,,/h (>95% CH, ; ~0% H,)
e 15kW.(BM)+ 70 kW, (PEM)
e 10Nm3y,/h

Aigles d BIOTHANE
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Results at lab scale (DTU)

e H,excess

R1(4:1) 0.75 80.1 19.9 206+48 [ 1.9+18 [77.4+4.4 3.59 0.72

R2(5:1) 0.9 83.7 16.3 55.6+0.7 | 0.2+0.2 [44.2+0.7 4.43 0.76

e LLRoptimization
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Results at lab scale (DTU & SINTEF)

e Reactorselection °

1.0

Biofilm analysis

Other Firmicutes

er £
Bacteroidota §
Undassified Ireibacillus
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Results at pilot scale

e Biogas purification verified e PEMEL commissioned: operated during a few hours

= HID_TT_100 == HJD_TT_101 HID_TT_102 == HJD_TT_103 == HJD_TT_104

. o Initial 40A(0.08 A/cm?) @ 2V
o High degradation in few hours

Startup Single Cell Voltage

250 100
225 90
4 S
2026-08-02 00-00:00 2026-08-09 00:00:00 2026-08-16 00:00:00 2.00 = 80
S s ‘ 70
=1 Ly <
g 1.50 I‘ 60 =
e (Compression to 250 bar g © %
p g < 00| w3
- y % 0.75 " e Call 01 (V) s Call 02 (V) smCigil 03 (V) smCogll 04 (V) smColl 05 (V) ====Cegll 06 (V') ====Call 07 (V) ===Call 08 [V} s===Call 09 (V) ===Cell 10 (V) - 30
\ o | Gl 11 (V) ===Cell 12 (V) ==Cegil 13 (V) ====Cell 14 (V) ==Cell 15 (V) ===Cell 16 (V) ====Ceil 17 (V) ===Call 18 (V) ====Cell 19 (V) ===Cél 20 (V)
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CH,4 production [Nm*/(mg.-day)]

Biomethanation in El Baix Llobregat WWTP

100 g
=

/\/ VYWY X
80 1 1/
— % CHs
60 — % CO;
— %Hy

Conv. CO2
Conv. H2
95% Threshold

Purity: >05% CH, | <3.1 mg Si/m3

404

Conversion: 96 % (CO.,) ; 99% (H.)

» Semi-continuous operation -~
# Period C of continuous operation . -
--= Trendline (y = 0.11x — 2.25) -

Conversion [%]
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Biogas upgrading viability

Biological methanation (126.0 €/MWh)

CAPEX (£30%) 108.4
Interest rate (4-12%) 108.7
Full load hours (15-100%) 89.9
Elec. Price (0-0.22 €/kWh) 48.0
Revenues (0-Max) 126.0
TOTAL RANGE (Min-Max) 1 15

0 50 100 150 200 250 300 350

Cost [EJMWh H HV]

Membrane upgrading (47.8 €/MWh)

[ Natural gas (average 2025): 37.8 €/MWh ]

404 551
370 60.0
4 264 80.2
40.2 54.1
478|495
136 1325
T T T T T 1
50 100 150 200 250 300 350

Cost [€/MWhyyy]



What is the future of biomethanation?

LOW-COST ELECTRICITY

« Threshold: <0.05 €/kWh

« Electricity = ~79% of operating
costs

« Curtailed renewables at zero or
negative cost

+ Geographic bias: regions with
>40% renewable grid share

CURTAILED RENEWABLES

+ PtG designed to exploit
intermittent surplus energy

+ Avoids grid emissions: cleaner
biomethane

+ Negative-price events
increasingly frequent

- High load factor (>50%) essential

to reduce CAPEX impact

WATER AVAILABILITY

- Electrolysis needs high-purity

water

+ Southern Europe: renewable-

rich but water-stressed

+ Opportunity: regenerated
water losses intrinsic to
WWTPs

» Must be assessed in site-
specific evaluations

CAPEX REDUCTION

VIABLE BY 2030-40

PREMIUM MARKETS &
POLICY

« Electrolyser cost must fall:
1,000-1,500 — <500 €/kWe

« Projected achievable by 2030-

2040

« Critical material supply chains

are a risk factor

« Lower discount rates (<6%)
reduce LCOB by ~13%

+ Guarantees of Origin (GoO):
>60 €/MWh premium

+ Carbon pricing strengthens
biomethane value

+ Oz sales: 6.5 €/MWh credit

« Waste heat: 17.5 €/MWh
additional value

— Biomethanation is competitive when curtailed renewables + electrolyser CAPEX <500 €/kWe + water access + load factor >50% + policy premiums align
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Technology & Demonstration Results — CS I

CHALLENGE:

Non-digestible woody green was, a plentiful, untapped
biomass resource, currently escapes biomethane
production because conventional anaerobic digestion
cannot process it.

SOLUTION:

Pyrolysis converts the woody waste info syngas, which is
cleaned and then bio-methanated into biogas, unlocking
this waste stream for upgrading and grid injection.

OBJECTIVE:

Design, build, and operate a small-scale green waste-to-
biomethane plant, integrating a pyrolysis unit, a syngas
cleaning stage, and bio-methanation technology.

Funded by
the European Union
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Technology & Demonstration Results — CS I

........................

llllllllllllllllllllll

! |
: |

Combustion : | Synga_s

System " : : Cleaning

I Cooling I
I Biomethanation
| Unit
|
\

Funded by
the European Union



Technology & Demonstration Results — CS I

Clean Syngas Composition
BIOMETHANATION NOMINAL CAPACITY: 25 m3/h
Undergoing through acclimatation batches: 10 m3/batch

NUMBER OF BATCHES: 16
SYNGAS TREATED: 160 m3

BIOGAS COMPOSITION:
e 40% CH4 _ PR ; 0 111
o 52%CO2 Biogas Composition

e 8% Other (mainly N2 from acclimatation)

9%
P Funded by
EREN the European Union
2 3 4k f 78 9 1 4 1 1



Technology & Demonstration Results — CS I

ACHIEVEMENTS:

e Integrate pyrolysis, syngas cleaning and biomethanation to produce
biomethane.
Scale-up of the biomethanation unit to a nominal capacity of 25 m3/h.
Work with real syngas rather than bottled CO and H2.
CO and H2 conversion rates are almost 100%. -
Produce a biogas with a good composition (40% CH4, 52% CO2)."

MAIN CHALLENGES:

e  Pyrolysis unit delivery delayed.
e Commissioning and modifications on the pyrolysis and syngas
cleaning circuit.

NEXT STEPS:

Modification of gas storage from syngas to biogas.
Complete acclimatation and reach nominal capacity.
Techno-economic feasibility study for residual pollutants treatment for
further biogas upgrading and grid injection.

P Funded by
3l the European Union
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CS3: The Zwanebloem Dairy Farm

BELGIAN DEMO — Cryogenic technology for the production of BioLNG from Biogas

CHALLENGE

Explore and demonstrate the potential downsizing of a solution capable of producing BioLNG and liquid CO, from raw
biogas with integrated cleaning process, sized at 50 Nm3/h, for applications at the farm-scale digestion level; and
promoting cleaner energy solutions

Funded by
the European Union




Concept

Electricity & Heat N _ Combined Heat and Power unit (CHP)

Feeding System

Biogas
= P o
residues ) v

~ s Digestate

Mesophili a | Thermophilic improved

c digester fertilizer
digester

Manure l";‘ .................
Biogas wﬂ? |
upgrader . €
Liquid CO,
Funded by *taken and modified from PlanET Biogas

the European Union

https://planet-biogas.com/na/biogas/



The demo plant in three groups

A complete cryogenic upgrading unit designed around ~50 Nm?3/h of farm biogas

Biogas pre-treatment

H.S removal, compression and dehydration.
The gas is cleaned and dried before it goes cold.

Cryogenic cleaning & upgrading

The biogas is cooled and CO, is captured in the desublimator.

The technological core of the plant.

Methane liquefaction

The methane-rich gas is cooled further to Bio-LNG.
It closes the full technology chain.

S
% !‘

Q electrical panel \
@ biogas compression unit A\

@ ch. high pressure compression unit e

@ ch., biogas and expansion storage
Q chliquefaction unit

o~
@ hbiogas cleaning & separation unit o

Funded by
the European Union

The numbers on the 3D layout correspond to the three groups



Built, installed and operated ata real dalryfarm




One raw biogas stream, two valuable products

The demonstrated process.logic, from farm biogas to two separate streams

. 2 s 3 r METHANE-RICH STREAM

o
RAW BIOGAS a a >90% CH,
measured under tested conditions
from the farm digesters » Pre-treatment »' Cryogenic separation . J
~50 Nm?3/h design capacity ( )

further cooled to Bio-LNG in group 3

H,S | RECOVERED CO, STREAM
~50-55% CH4 cc:mrer:::n cooling and CO, capture :
high H,S content deh\’/)dration in the desublimator >99% purlty
measured under tested conditions
\ v, \ v .

recovered during regeneration

The value is in two molecules, not one: renewable energy plus recovered CO,, and a lower carbon footprint.

The numbers on the 3D layout correspond to the three groups
Funded by
the European Union




What the demo delivered, and where it leads

A first-of-a-kind pilot: validate the process first, then/automate and industrialise

Demonstrated in the field

Identified for the next configuration

® Complete cryogenic system installed, commissioned and operated at a
real dairy farm

® Run on real farm biogas, more demanding than the design basis (high
H,S)

® Core separation principle verified: both product streams generated and
characterised

® Effective upstream contaminant removal ahead of the cryogenic section

® Specific energy consumption higher than the project target: main
drivers now understood

® Desublimator cycle progressively moved from manual management to
automated control

® Equipment sizing and process configuration to be simplified

¢ CAPEX and OPEX drivers identified for an industrialisable design

configuration.

From design assumptions to real operating experience: the basis to design a simpler, more automated and more efficient industrial

Funded by
the European Union




UVIC

UNIVERSITAT DE VIC

UNIVERSITAT CENTRAL
Alimentaria DE CATALUNYA

SEMPRE-BIO

SEMPRE-BIO
CO, valorisation

Josué Gonzalez Camejo Camejo (josue.gonzalez@uvic.cat)
BETA TC-University of Vic (Barcelona, Spain)

Funded by
the European Union

Funded by the
European Union



AGROINDUSTRIAL SECTOR IN CATALONIA (SPAIN)

GRAPH 25: WASTE GENERATION BY INDUSTRY

lextiles, footwear and leather (2%}
Sewage treatment plants and decontamination activities (2%) \ Other < 1.5% {5%)

Other services (4%)

Manufacture of ather non-metallic

Food, beverage and tobacco industries (24%)

mineral products (5%)

Generation
3.8 Mt

Manufacture of machinery and computer, electrical, —
electronic and transport equipment {3%5)
Faper, graphic art and reproduction

of racorded media industrias (10 %) Metallurgy: manufacture of basic iron, steel and

ferrcalloy preducts and metallic products (21 %)
Chemistry, pharmaceutical product, rubber and plastic

industries (18%:)

*Waste statistics in
Catalonia (2019).
estadistiques 2019 en.pdf

ANAEROBIC DIGESTION (AD): WASTE MANAGEMENT AND BIOGAS/BIOMETHANE PRODUCTION

A\ 4

: o1 N e

Agri-food
wastes

185
67
111
.3?
44 -99
—
—74
21
=4 —41
:|1 7
2022 2030 2040 2050

Il Thermal gasification
Anaerobic digestion - Biomethane
|:| Anaerobic digestion - Biogas

Funded by
the European Union

Source: “Biogases Towards 2040 and Beyond”
(Guidehouse, EBA)


https://residus.gencat.cat/web/.content/home/lagencia/publicacions/estadistiques/estadistiques_2019_en.pdf

ANAEROBIC DIGESTION (AD) BY-PRODUCTS @

= Carbon dioxide (CO,): from biogas
upgrading (Biomethane production).

/ - x Necessity to valorise CO, from
M - biogas streams to reduce GHG
C

Co, \ emissions
valorisation

\ = Digestate: liquid fraction with high

nutrient content

x  Necessity to treat digestate to avoid
environmental problems.

Digestate HIGHLY CHALLENGING
e TREATMENT!!!

Funded by

E the European Union
—) iodivers cologia,
L —




= Digestate: liquid fraction with high
nutrient content

Digestate

_—

Digestate

treatment

Zones vulnerables per nitrats a Catalunya

DIGESTATE: Product with high agronomic value, but.

Necessity to establish digestate
management plans to avoid
environmental problems.

HIGHLY CHALLENGING
1w = ﬂ ‘ I Decret 283/1998 TREATMENT!!!

[0 Decret 476/2004

B Acord Gov/128/2009
2 Acord Gov/13/2015
Il Ordre TES/80/2021

Funded by
DA the European Union




C02 Va|0risati0n = Carbon dioxide (CO,): from biogas @

upgrading (Biomethane production).

. Py x Necessity to valorise €O, from
! Co, biogas streams to reduce GHG
> valorisation emissions

o —
R ™ D)

Mineralization &
construction materials
>
2,5 180 AN
y ° o .?
o~ 160 £ - .
5 5 ER — ' e
_:”:: P 140 = o) Catalytic & - Eme@ng "
g d 120 8¢ CO, sources vl [ ooty :
£ 15 = e CO, v Pigiochemical
s weh | oo (Pl @ |
~ 4 -richresidual | = | ospove | | B8 HE 0 b------ ! ternative protein
e / 80 E * streams pathways L ) (bioma.gs)
o 1 o 5 ~ ; =>
c § 50 @ O industrial residual streams i L fuets 1> commodity
& o~ g r biogenic point sources chemicals
K<l o~ 5 © (when available)
2 05 - 0 Zw e
= 0 = Biological conversion  seaa )
g — I 0 53 % o I
2 o :V'\
) [ | [ | 0 E @8 E éi(}o Aco ~How
o o \ J
2020 2022 2023 2024 2025 2026 2027 = [ ey
PHAs
mmm Captured bi ic CO2 (Mt CO2 =@=N of plant
ptured biogenic ( 1y) of plants :‘i> eeeQ 2
e \Z
Denysenko et al. (2026). JBB, 109913 Del Puerto-Tafa et al. (2026). J. CO2 Util. 107, 103413. https://doi.org/10.1016/j.jcou.2026.103413

Funded by
the European Union




Hybrid fermentation

Fermentation: Biochemicals (succinic acid) and biopolymers (PHA)

Cupriavidus necator PHA rich biomass
=& &) Biopolymers @
— 000 _
R H, +C0O; + 0y mim
CO, Medium Extraction

. CO; X 2
D'?sgfﬁ?te R Medium + Energy

manure) > Yy >
t Actinobacillus succinogenes

= Biochemicals Q%

Extraction
Volatile fatty acids

UF pretreatment

Funded by
B the European Union




Biochemicals (succinic acid)

cs-l ; » Synthetic media

Biomethane

* Synthetic media + 50%

Biogas [
Biogas upgrading

digestate

Liquid fraction:
PE Succinic acid
- L} i purification
;& AD P (HPLC) *=
Livestock and Digestate L\
agri-food wastes

Liquid fraction __ J Liquid fraction:

of digestate Treated digestate

Pretreatment

Water/Media y T
Agro irrigation

Pressurization achieved a 10x increase over non-pressurized batches.
Digestate as Nutrient Source: A 50% digestate blend supported robust initial

growth. 50L fermenter
Succinic acid reached a peak at 24h but declined thereafter, suggesting its

use as a secondary carbon source under nutrient stress.

Funded by
the European Union




Biopolymers (PHA) b

Validated at lab-scale with synthetic media and with

digestate.
* Synthetic media: 1,7 g/L PHA representing 48% of the
CDw
Cs-i ; r _____ —__ - » Digestate: 1,8 g/L PHA representing 65% of the CDW

Biomethane ' \ j !

l - )

Biogas \;}_w Agro irrigation
Biogas upgrading %\//

Liquid fraction:
Treated digestate

& o SELE PHA Liquid
.& AD g% extraction
Livestock and Digestate .
agri-food wastes
Liquid fraction
of digestate
Pretreatment
Water/Media
Lab-scale 50L fermenter
Funded by

the European Union




Microalgae biomass: alternative protein

cs-lii ; ﬁi

Biomethane

Biomass post- ‘ ' -
| treatment (dry % _
at60°C, grind) Extraction
Biogas Microalgae
Biogas upgrading

powder m

¥ Animal-feed
! % Food and feed
| E N % industry
©) e .
T |
A, Harvesting

Livestock and Digestate
agri-food wastes

Harvested
biomass

[ ou Microalgae solar =
. Photobiorreactor me

*_‘ Liquid fraction @@
of digestate Treated diluted 1 !
Pretreatment digestate it " Agroirrigation
i (NP
Disinfected ; ; 1000
g — U —— Refﬁfs”y‘iifnnmw 900 o r]
UV water ™ Q~0
treatment 800 ° N ° .‘
5 700 of o« ® ®B-2A1
; . ° i Z 600 « ° .
* Digestate dilution: 2-4% 2 w0 o O .“\’% ©B-2A2
= =
* Protein content (30-40%) z 2 o0 ® S e ©B-2A3
= = [ ] Py
z E] ] ®SC-2A1
z ~ 300 : ..@ o
= - 200 ‘. [ SC-2A.2
———— 100 ®5C-2A3
— o
0 20 40 60 80 100

Funded by
the European Union

Operationtime (days)

600 L PBR



Purple phototrophic bacteria (PPB): alternative protein @

(A)PRETRATAMIENTO (B)PPB CULTIVO —
AD . CEITENI Treated diluted ¢ w
Biogas digestate WP
Agroirrigation

(fertigation)

|

Harvested

biomass

3 =)
- ) Biomass post-{ usms
Digestate e 7 treatment(dry
. 9 o / at60C, grind m‘
| "\" I .
"' «‘ . . - N
vg" Liquid fraction of I < ‘ P
e, . digestate(LFD)
4 ,&.- (e ) PPB powder
Cow manure Bl ) Disinfected ' >
UV water treatment water
» Digestate dilution: 10-20% (much higher than microalgae) =) !\f T -
* Protein content (30-40%)in the range of microalgae "’““-: v 3 ;
A et S P
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CO2val platform

A digital tool to foster the valorisation of exceeding CO, and CO,-biobased products connecting generators and end-users.

Register your CO; Valorisation Pathways o -

CO2VAL platform cozva el e - -

ENGLISH ESPAROL FRANCAIS

About  Platform  Map  Technologies  Policy  SuccessStories [N

A co2v.

[ S G poten i renbens

SEMPRE-BIO - HORIZON EUROPE

Digital Platform
for
Biogenic e

Legislative Framework for
CO; Valorisation

€0, Capture (CCU)

tion Pathways

9 EXPLORE THE MAP JOIN THE NETWORK

. Circular Economy

® Bioges
@ CO, Vakorisation \‘}\}7 \(;(Q -
"0\) \°¢
® coudemosees R e =
<
\* -
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the European Union
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https://co2val-795338590364.europe-southwest1.run.app/#/

&

SEMPRE-BIO

Final Event — 23th September 2026

From Demonstration to Market: Scale-up,
Economics, GHG & Market Uptake

Jaqueline Daniel-Gromke, Linus Lefherz, Katja Oehmichen, Velina Denysenko (DBFZ)




Evaluation CS-concepts

Organic material/
input Innovative

technologies
1. Sewage sludge CS 1-2-3
2. Woody biomass
3. Manure

kl) Demonstration plants  2) Scale up /industrial plants
3) Evaluation of whole biomass pathways




Scale-up - plant sizes

* Referring to biomethane production output

* Scale up plants to reflect the market
- 125-250-500 - 1.000 - 2.000 m3/h biomethane

Parameter Scenario 1 2 3 4 o)
biomethane m3/h 125 250 500 | 1.000 2.000
production (output)

* Data based on process modelling (SINTEF), technology providers, estimations and literature

Funded by
the European Union



Cost analysis CSI - RED Il from 2030

Biomethane LCOE with solar and onshore wind electricity

WWTP-baSGd B|Omethanati0n + PEMEI_: RED 111 2030: Solar and onshore wind electricity: 5650h; cost - revenue - balance

250 bar(fuel); electricity from solar and onshore

wind, reduced load hours 5650 h/a, electricity

price 5.6 - 6.4 ct/kWh,

* 2types of biomethane(revenue 0.9
€/m3):Biomethane from sewage sludge + e-
Methane(green electrolysis +biogenic C02)

* E-Methane compliant to RED Il

240
200

160

1
|59| |59| |46| I4z| |35|
]

-40

— LCOE in range of 1.73 €/m®to 1.39 €/m°

— Onshore wind + PV cheaper than grid 125 m3/n 250 m3/n 500 m3/m 1000 ma/h 2000m3h
electricity

o ~
=] =}

costs vs. revenues [ct /m3 biomethane]
B
o

B specific costs biomethane [ct/m?] = specific revenues biomethane [ct/m?®] m Balance (costs - revenues) [ct/m?)

Funded by
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GHG Analysis - CS 1| base case

[
.

Assumptions

[y
%]

=
o

® Electricity from a mix of solar tower power plant, PV
and wind onshore plant for PEMEL

® Electricity from the grid for compression,

GHG emissions in gC0,eq./MJ CH,
[+4]

4 e
conditioning etc. processes(214gC0,eq./kWh)
2
0 [
Compressing & PEMEL Methanation Polishing Total
cooling
Compressing & cooling m PEMEL -Electricity
PEMEL - Water PEMEL - Infrastructure
W PEMEL - Stack B Methanation - Infrastructure

m Polishing etc. - Electricity

Funded by
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Biomethane - challenges CS1

Innovative Biomethane

* High electrolyzer CAPEX making the investment Feedetols  production Technologies ¥ S11e® P
Cha”enging e biomelhnalion m

an L 4 o0

* Highdegree of dependence on renewable electricity - et

Electrolysis transportation

to upgrade biogas

* Profitable operationis dependent on a competitive
hydrogen price

* Hydrogen should reach RED lll conformity (RFNBO)

lllustration: SEMPRE-BIO.com; Image: SEMPRE-BIO.com (CS 1)
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Cost analysis CS2 - Base Case

upgrading and grid injection

Scenarios - scale up: cost - revenue - balance: 8000h

Pyrolysis, bio-methanation, biogas upgrading
(membrane), grid injection, 8000 hours/a

-revenue for biochar (200 €/t)and CO, removal i - 193

(140 €/t CO2) E

—> LCOE in range of 2.19 €/m’t0 1.82 €/m® : 4 ! _
— Sgnsitivity: CAPEX Iargest cost factor . “

[ fomecsdsmdeine | - — —

BiOChar necessary 250 m3/h 500 m3/h 1000 m3/h

W specific costs biomethane [ct/m?] specific revenues biomethane [ct/m?]
specific revenues Biochar [ct/m* biomethane] W specific revenues CDR Removal [ct/m® biomethane]

Balance (costs - revenues) [ct/m?]

Funded by
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GHG emissions in gCO,eq./MJ CH,

GHG Analysis - CS 2 | base case

(A) (B)
3 0
25 -10
-20
2
-30
1,5
-40
1
-50
05 60
0 -70
Emissions Credits

-20

-30

-40

-50

-60

-80

(€

Total

u Biochar

m Wastewater

W Upgrading_Methane
emissions

W Electricity_Upgrading

W Electricity_Purification
Infra_othes

Infra_pyrolysis

O Sum

Assumptions

® Electricity from a mix of solar tower power
plant, PV and wind onshore plant for PEMEL

® Electricity from the grid for compression,
conditioning etc. processes (77
gC02eq./kWh)

® Wood chips 70% DM, Transport 100km

® Biochar C-content 77%, perm ¢ 89% (IPCC
2019, vol 4, Ap 4)

® DIN ISO 14040/ 44 vs. RED 11/111

RN Funded by

the European Union



Biomethane - challenges CS2

Feedstocks Innovat.lve Blomethar?e
Production Technologies

* Produced biogas(low methane content) cannot be e
injected directly into the grid due (additional upgrading
plant calculated)

Case Studies Outputs

— Complex permitting processes

att

—> Strict safety permitting due to safety concerns - A , : e A tertan

DN
W

* biochar markets currently not strongly developed
(depend on quality and application)

Funded by
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Cost analysis CS3 — Base case
Cryogenic separation - LCOE

Scenarios - scale up: cost - revenue - balance: 8000h

Biogas upgrading with cryogenic separation,

liguefaction, 8000 hours/a, liquid CO, and T
Bio-LNG g ™
% 160,0
- LCOE in range of 1.92 €/m®to0 1.20 €/m® g

— Distribution network essential due to e 10 m .
expensive transportability of liquified g
goods(CO2 transport cost not included) g ™
— Sensitivity: High energy costs e

e 250 m3/h 500 m3/h 1000 m3/h 2000 m3/h
m specific costs biomethane [ct/m?] specific revenues biomethane [ct/m?]

specific revenues LCO2 [ct/m® biomethane] M Balance (costs - revenues) [ct/m?]

Funded by
the European Union



GHG Analysis - CS 3 | base case

(A) (B)
18 0
16 -5
E 14
s -10
.
g 12
& -15
% 10
£ -20
5 8
2 -25
E 6
@
(U]
-30
5 4
2 -35
0 -40
Emissions Credits

20

-30

-40

]

Total

m CO2 credits

mInfra

B TEG, Refrigeration etc

W CH4 Ligufaction

m CO2 Distillation
Purification
Compression

[JSum

Assumptions

® Electricity from the grid for compression,
conditioning, separation etc. processes (177
gC02eq./kWh)

® Manure 9% dm

Funded by
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Biomethane - challenges CS3

* CAPEX sensitivity for small plants; Obtaining food grade Feedstocks  InnovativeBiomethane o oo Ovtpits
. . . Production Technologies P
quality of CO, in cost effective manner. 0 e O %
* cryogenic separation is energy intensive; energy demand i . oepurelat) _orsme

isa main cost driver

* The transportation of liquid CO, and bio-LNG is an
economic issue;

* (O, transportandreuse frameworks differ by country

Funded by
the European Union



Summary + main challenges

°* Summary
— Three innovative technologies - different feedstocks, technologies, products, markets

—> Currently small gaps to profitability
- Individual market uptake requirements (location, green energy, distribution network)
—> substantial potential for reducing GHG emissions in renewable methane production(all CS)

° Mainchallenges

— Currentrevenue; ETS, bioenergy targets can be incentives to substitute fossil alternatives
— CAPEX

— Energy costs(CS1, CS2 Hydrogen and CS3)

— Distribution of pressurized products(CS1base case, CS3)

Funded by
the European Union



Market uptake requirements

* Optimisations to realise cost-reduction potentials. Especially for hydrogen scenarios, cheaper
renewable electricity can reduce the costs significantly.

* Futurerevenues dependent on policies and cost penalties for fossil solutions.

* (O, valorisation canimprove efficiency and create additional revenues, but transportation
infrastructure needed.

* Usingalternative substrates(like woody biomass, agricultural residues, catch crops/legumes)for
additional gas production = country-specific biomass potential and framework conditions to consider

- Individual market uptake requirements(e.qg. location, potential, green energy, distribution network)

—> Stable supportive regulatory frameworks, targeted financial incentives, improved market access for
biomethane, and stronger cooperation between stakeholders

Funded by
the European Union
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SEMPRE-BIO
Societal Impacts of Biomethane

Scale-Up in Europe

Evidence from the SEMPRE-BIO case studies

Meron Assefa Arega, SINTEF
September 2342026




How does the upscaling of novel biomethane
production technologies in Europe influence

societal sustainability outcomes through
global value chains?




What happens when biomethane scales

up?

* Investment and operation of scale-up biomethane plants:
- Changes demand for goods and services across industries and countries

- Affect sustainability outcomes: economic, social and environmental

 We assess the wider societal implications of biomethane scale-up,
beyond plant-level technical and economic performance

 Covering the three SEMPRE-BIO pathways in Spain, France and
Belgium, representing different technologies and feedstocks

RERCE Funded by
LN the European Union




Methodological approach

«  Global Value Chain analysis based on Wiebe et al (2026)

- Macroeconomic, scenario-based multi-regional Input-Output modelling, based on the OECD Inter-
Country Input-Output database, 76 countries x 45 industries

- Extended with data on employment, emissions, and Sustainable Development Goals (SDG) indicators

« Scenarios: investment in the biomethane plants and their continued operationin
?Spain,l IFrance, and I IBeIgium
|

» QOperationalso includes biomethane replacing conventional petroleum-based transport fuel

« Tracesdirect and indirect effects through industry and global trade linkages, estimating
impacts on value added, employment, GHG emissions and selected SDG indicators, by
industry, country and region

Funded by
DA the European Union




= CSl: Regional & sectoral impact, investment & operation phases

Value Added (Million: USD) Employment (persans) GHG Emissions (1000 tofines COze) ) CAPEX scenario vs baseline

20

5
* VA& jobs mainlyin Spainand
30 . Europe: technical services,
15 op Industries. E 8
: :N:o'le:le and retall trade; repair of motor vehicles fa b rl Cate d m eta | SI ma C h I n e ry
s s and electrical equipment
o 200 = :::::;Ti;i:c::nlﬁc and technical activities i n d u St ri e S
[ Administrative and support services
2 B sasic metals L
- [l Agricutture. hunting, foresty o © Effect on GHG emissions more
] [l end transport and transport via pipelines . .

5 10 1 Il consicton globally distributed, extend to
the ROW, through upstream
manufacturing of metals

0 ) 0

Spain Europe Rest of the World Spain Europe Rest of the World Spain Europe  \_ Rest of the World /

Value Added (Million USD) Employment (persons) /GHG Emissions (1000 tonnes com OPEX scenario VS baseline

200 400 a q
. 2000 » Effects of VA & jobs shift
towards Spain: water & waste
Top Industries. o«
BB e sty et et manogemnt ad edion s management, electricity,
100 sale and refail trade; repair of motor vehicles o . .
200 =§Z$m,'n, e et wholesale & retail industries
1000 [ Eiccricity ges, steam and air conditioning supply
B Soke and refined petroleum products
U = :II::::ZT:::::::;r::::ﬂa::r::a;lalmn of machinery and equipment o FOSS” ene rgy aCt |V|ty d ec | | nes
L B o o e abroad: coke & refined
o — o - [ Lanc ransport and transport via pipelines petroleum products & energy_
| producing mining
100

. . .
l Spain Eurcpe Rest of the World Spain Europe Rest of the Worl& Spain Europe Rest of lhew N et g | 0 bal G H G e m ISSIO n S

increase




I I CS2: Regional & sectoral impact, investment & operation phases

200

-100

Value Added (Million USD) Employment {persons)

200
|
100
—
. o

France Europe Rst of the Workd France Europe

Value Added (Million USD) Employment {persons)

3000
2000
1000
-
0| T—
+1000
France Eurcpe Rast of the World France Europe Rest of the Worl

° o
w [=2]

Rest of the World

GHG Emissions (1000 tonnes C0O2e)

04 Tep Industries
W consiucton

. Machinery and equipment. nec

W Frofessional. scientfic and technical acivities
B Fooricated metal products

_| Acministrative and suppan senices

B Etecrrical ecuipment

B oricunsre, huing forestry

Wl cornputer, slectronic and optical equipment
B Lond rareon and ransport via pipelings

00

France Europe

Rest of the Workd

GHG Emissions (1000 tonnes CO2e)

~

300
Top Industries
200 Wl Aaricuttre. nunting, forestry
I vinolessie and retail trade: repaic of motor vehicles
. Water supply. Sewerage. waste management and remed ation activities
. Bomethans
100

e repair and i
I coke and refined petroleum products
I ining and quarmying. energy produting products
Wl Aaminestative and suppen services
Il Lanc tansport and transport via pipelines
Ml Eecvicay. gas. steam and air cond toning supply

f machinery and equipment

-100

]

Europe Rest of the Warld

) o

B veholesale and retail wade: repair of motor vehicles

CAPEX scenario vs baseline

* VA& jobs mainlyin France:
Construction, technical
services, machinery &
metals

* GHG spilloversin
Europe/ROW: transport,
agriculture & forestry,
machinery

OPEX scenario vs baseline

* Domestic gainsin VA and
jobs: agriculture & forestry,
water/waste management
and biomethane

* VAlossesabroad
concentrated in energy
mining and refined petroleum

* Net global GHG emissions
increase: agriculture &
forestry, water/waste mangt



B BCS3: Regional & sectoral impact, investment and operation phases

CAPEX scenario vs baseline

10.0

75

50

25

0.0

30

20

Value Added (Million USD)

200

150

100

50

=)

Belgium Eurcpe Rest of the World

Value Added (Million USD)

100,

50|

R
0
—
-50
100

Rest of the World,

Belgium Europe

Empioyment (persons)

) o
o ~
= a

0.25

0.00

Belgium Europe Rest of the World

Employment (persons)

120
I BU
I 40
[

Belgium Europe Rest of the World

GHG Emissions (1000 tofines CO2e)

Belgium Europe

Eest of the Worl,

GHG Emissions (1000 tonnes CO2e)

Belgium Europe Rest of the World

Top Industries
B WMachinery and equipment. nec
B Wholesale and retail trade: repair of motor vehicies
[l Professional, scientific and technical activities
B Manutacturing nee; repair and installation of machinery and equipment
W Fevricated metal products
Administrative and support services
B Etectrical equipment
B Asricuiture, hunting, forestry
[ Lanc vansport and transport via pipelines
B computer, electronic and optical equipment

Top Industries
. Electricity, gas, steam and air conditioning supply
B chemical and chemical products
I Biomethane
[l Land vansport and transport via pipelines
B coke and refined petraleum products
Wholesale and retail trade; repair of motar vehicles
I Mining and quarrying. energy producing products
B Agricunure, hunting, forestry
[l Manutacturing nec; repair and installation of machinery and equipment
. Water supply: sewerage, waste management and remediation activities

VA and employment: widely
distributed, with strong
spillovers in Europe/ROW,
partly reflecting Belgium’s
small, highly open economy

GHG effects extend further
upstream, with the largest
emissions occurring outside
Belgium

OPEX scenario vs baseline

Strong gains in Belgium,
mainly through electricity,
chemicals and supporting
activities

Positive and negative effects
outside Belgium partly offset
each other, resultingina
relatively small net global
effect



Global value-chain effects

* Investment creates ripple effects: increasing demand in industries mainly
construction, machinery, electrical equipment, metals and technical services

« These effects generate cross-border spillovers: value added, jobs and GHG
emissions impacts extending beyond the case study countries

« During operation, effects differ by technology pathway: affecting utilities and
waste activities in Spain, agriculture and forestry in France, and electricity and
chemicals in Belgium

* Replacing part of conventional transport fuel with biomethane creates trade-
offs: increasing activity in biomethane production and its input industries while
reducing upstream fossil-energy activity

RERCE Funded by
LN the European Union




Impact on selected SDG indicators

* Investment phase shows a similar patternin all three cases:
economic, manufacturing and skills related SDG indicators improve,
while local emissions and GHG related SDG indicators worsen

 Effectsoninoperation phase differ more by technology pathway,
reflecting differences in feedstock and operating requirements

 Reduced fossil-energy activity improves some energy related SDG
indicators, but environmental trade-offs remain

RERCE Funded by
LN the European Union




Conclusion and policy implications

« Supply-chains matter: material sourcing determines where value added, jobs
and environmental impacts occur

» Stronger domestic and European supply-chain structure can retain more
economic benefits in Europe

 Technology and feedstock choices matter: electricity, feedstock and
operating needs shape both socio-economic benefits and environmental
impacts

» Policy should connect energy, industrial and circular-economy objectives
and consider impacts beyond the plant level

RERCE Funded by
LN the European Union




Thank you!

@ SEMPRE-BIO

¢ @SEMPRE_BIO
€ SEMPRE-BIO PROJECT

© INFO@SEMPRE-BIO.COM
@ WW.SEMPRE-BIO.COM
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https://twitter.com/SEMPRE_BIO
https://www.linkedin.com/company/sempre-bio-project/
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