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Challenge 1: Electricity Grid

1 O 5 TWh - Curtailed renewable energay'in [S5ermany in 2023

600 M|O€ - Associated cost

L
I
T
[

Future development: d
» High growth rate of renewable electricity: 1ericiation in Europe |$

* More frequent and larger fluctuations’in ¢lectricity production A

Power
Power

Potential solutions:
« Expansion of the electricity grids in Europe — Time Time
» Coupling of energy sectors

* New storage technologies

Sources: https://www.smard.de/ (Bundesnetzagentur)
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Challenge 2: Gas Grid and Decarbonisation

European biomethane production in EU-27 and Europe
V" Infrastructure

v Producers |
L5 |
v" Customers 22

40

W EU-27 08
Europe

=)

- Fast growth and high potential for
biomethane production in Europe
- Use of local ressources

Electrification and H,-econéy
good thing... "

Biomethane production (bcm)

.. BUT ...

... methane will also play a role in
future!

2022

Source: Presentation of the EBA Statistical Report 2023 confidential 3
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Part of the Solution: Sector Coupling by PtX

Chemical Storage:
Long-term storage or use
in different sector

(‘
CH,
Ther no-. hen icar < p— N ﬁ
conv “rs.on ‘
o™e (‘\
C.H,

v" Local relief of the power grid
v Enables rapid decarbonization

= -
I I I I _ J v' Storage and use in existing infrastructure
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- Technology to synthesize CO,-neutral energy carriers
—> Application cases for the technology
- Newest experimen al results

- Pre-Comme’cia! project

renewable
energy carrier
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AlphaSYNT"®
Our Company Lo AphasyT

- Founded in 2020
—> Start-up, 10 persons
- Based in Switzeriand

- Engineering zartrer for the design and construction of
turn-key mail:2ne and methanol synthesis plants

renewable
energy carrier

confidential 6



Our Origin L~ AphasynT

Background: Two Research Institutes

Paul Scherrer Institutz (PSI)
* Long-term researchiin wvood gasification and
methanation -
« Gas analysis —
« Developmelit'cf the methanation technology, s
esp. in ccmtination with biogas upgrading

and ga%ihcallon - Ref.: Project in “Glissing” for Giissing (Austria)
1 MV g\ based on gasification gas as feedstock (2008) 1 MWsno

« Techriology exclusively licenced to AlphaSYNT

University of Applied Science OST
O OST » Operation of PtX plants
Ostschweizer « System integration

Fachhochschule
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Research facilities -
at PSI

- Research facilities in different scales

- Current focus:
Scaling issues, hydrodynd mic= of fluidized beds, methanol synthesis

Laboratory !—10 kW-scale 250 kW-scale .
. ==

TRL2-3 TRL4-5 TRL6

TRL: Technology readiness level / Technologiereifegrad (Scale: 1 - 9)
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Fluidised bed
technology

PSI

* Exclusively licenced by PSI

» Constant circulation of the catalyst Heatrec very <=
?{'g_:o’llc I EEEREEER
- Good mass & heat transfer
Thermocheniicinreactions: =

- Almost isothermal operation at the
4H._~\CO, % CH, +2H,0

and <

2 H, + CO = CH, + H,0

thermodynamic optimum

b
Feed gases Main constituent

CO, + H,
CO +H,

CH,, CO, + H,
CO/CO,-rich gas with H,
H,, CO, CO,, CH, + H,0

AlphaSYNT"®
L O p S?iIgSynFuets

Catalyst bed
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Application 2: Syngas Methanation

v" CO is converted by internal water-gas-shift reaction
v" No second reactor required for WGS

Dry biomass

\ 4

Syngas:
~40% H,
~30% CO
~20% CO,
~10% CH, | |

Gasification
plant

“tG-Mode:
fl2xible H,-addition

Gas cleaning
(Sulphur & heavy tars)

AlphaSYNT"®
L C p S?iIgSynFue\s

L
Vool

H,0 CO,

Water-gas-shift:
H,0+CO=H, +CO,
Methanation:

3H,+CO = CH, + H,0

confidential 12
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Experimental Test

Laboratory | 250 kW-scale

E— s

TRL2-3

\/ Kinetic studies \/ Field experiments
\/ 1000h — tests at biogas plant Test at industrial scale:
flexible H2-addition
\/ 1000h — test at gasifier plant
confidential 13
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Experimental Test

» Experiments performed in collaboration with

250 kW-scale
Paul Scherrer Institute '

— //’-‘,, =

Tests performed:

1) Direct methanation of bioga

n

2) Syngas methanation <
...without H, addition TRL 6
...with H, addition
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Dry Composition

PSI {/ ~ AlphaSYNT

Swiss SynFuels

Experimental Results

[vol.-%]

PtX: Direct Methanation Syngas methanation, PtX: Syngas methanation,
of Biogas no H2 addition with stoichiometric H2 addition
100% 100% 100%
- i
80% 80% 80%
mH2 B2 mH2
60% = CO2 60% @\~ ncoz 60% 1 CO2
40% 2CO 40% 2CO 40% = CO
20% CH4 20% / CH4 20% CH4
0% 0% 0%
Feed Prod. Feud Prod. Feed Prod.
Feed Prod. Feed Prod. Feed Prod.
gas gas gas gas gas gas
H, 61.0% 9.8% H, 38.9% 0.5% H, 725%  11.9%
CO 0.0% 0.0% CO 28.9% 0.0% CO 12.6% 0.0%
CO, 15.6% 2.0% CO, 199% 521% CO, 9.2% 3.4%
CH, 229%  87.8% CH, 12.3%  47.4% CH, 55%  84.7%

confidential 15
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Experimental Tests: Conclusion

v" Exactly same reactor concept can be used-to_convert biogas and syngas

v" CO can be fully converted

v" Gasification and syngas methanaticni-allow methane production from biomass
v Flexible H2-addition is possibie.

... it increases the methane. output (and carbon-efficiency)
... it can serve as a way to incally convert excess electricity

confidential 16



() HY LIE Up Hybrid Biomethane Production from

Integrated Biomass Conversion

Goals
« Demonstrate an innovative pathwey fc: the efficient and cost-effective
production of biomethane in indusinialenvironment.

» Deploy a first-of-its-kind vaiue chain for biomethane production using low-
grade biomass residues arid sludge digestate from anaerobic digestor plants.

Project duration: Nov. 2022 — Dec. 2026

confidential 17



Project partners and funding (///) HYFUELUP

'@ REF

Laboratoério Colaborativo para as Biorrefinai

3425 ||I|||H=
3

] CIRCLE MOLECULE

University of Stuttgart
Germany

KANE
CRES

dot ‘@S POLITECNYLD

* renovével wmmmn DE PORTALEGRE

Total budget:
15 Mio. €

Funded by
the European Union

J1 4 Johnson Matthey

Inspiring s ing life

’ Bioplat

52 LNEG

Project funded by

Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera

Confederaziun svizra

Swiss Confederation

PSI

f ~ AlphaSYNT

Swiss SynFuels

Federal Department of Economic Affairs,

Education and Research EAER
State Secretariat for Education,
Research and Innovation SERI

confidential
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Work packages

 WP1 — Project management
« WP2 — Feedstock and logistics

 WP3 — Sorption enhanced gasification. (GE.G)
 WP4 — Adaptable methanation

» Demonstration at TRL 7
» WP5 — Scaled-up gasificatiori it

 WP6 — Biomethane liquefactiori

 WP7 — Sustainability assess'nent

» WP8 — Communication & Dissemination

confidential 19
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Electricity H,O
(existing moduyi€) l l
TRL 7 oo D
: 60 - 80 vol.% -la@iricity . Solid oxide 0,
! syngas 4 "jprectction : electrolysis (to SEG)
! y |
________ _ & & A
. : Flexible H,
5 MWWy, nput " 60- 80 vol.% addition
Lignocellulosic __ 4 "\ Product ,  Hzinsyngas
wastes Sorption enhanced gas - | f
gasification (SEG) Pigduct gas ! ~ Fluidised bed Biomethane
_ ————— zleaning 'l methanation liquefaction
Dried sludge _{ (ca0/caco,-Loop) Tars e I
digestate \ y

LNG for
T I mobility sector

500 kW
Air or O, th LHV

Steam ¢ om SOE)
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The main demonstration site

; , Tondela (Viseu)
| Portugal

e: Wikipedia

 Retrofit of an existing
circulating fluidised bed
(CFB) gasifier

» Biomethane production
capacity of 500 kW4, | v

confidential 21
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AlphaSYNT Services in HYFUELUP (andBeyond..)

* Bubbling fluidised bed methanation unit
capable of methanation of producer gas and
flexible hydrogen addition

* Prototype for further systems in container farinat

« Easy transportation thanks to modu'ar«lesign

B

» Attractive cost structure due to suip=rior
technology for syngas methanctio.,

confidential 22
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Fluidised Bed Methanation...

... can offer a quick way to decarbonize
the gas grid

confidential 23
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Thank you our
atte n
AlphaSYNT Gm &Qzenholzstrasse 20 - 5704 Egliswil

a.gante alphasynt.ch - www.alphasynt.ch

© Nutzungs- und Urheberrechte bei AlphaSYNT GmbH.

Inhalte dieser Prasentation diirfen nicht ohne Einwilligung von AlphaSYNT GmbH an Drittpersonen weitergegeben werden. All rights reserved.
AlphaSYNT GmbH claims the full copyright of this data including the ideas and confirms that all ideas/proposals are deposited and protected by idea-protector tm.
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