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Green Methanol -
o There is a strong
market potential®: .
| 350bn EUR ‘0 | demand for green
; | o . | ‘methanol coupled
| with a lack of supply
2050 | TR A O . R ¢!
Black Methanol?: g M
. 40bn EUR
: 100mt
+
T Addressable
2030 Q Green Methanol3:
! l 15bn EUR
Ihttps://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Jan/IRENA_Innovation_Renewable_Methanol 2021.pdf
2CurF;ent black methanil market: ~100mt couldgbe c\c/)nverted to green methanol in the long run C I RC U I'A R
3Methanol Institute: 19.5m ton (2028) at 700 EUR/ ton assumed market price for green methanol in shipping (long-term agreements), C A R B O N
spot market currently at >1000 EUR/ ton green methanol C HE M | S TRY




SIGNIFICANT MARKET: Green methanol as
both alternative fuel and chemical feedstock

OVERDEMAND: Green Methanol
shortage in emerging market (shipping
and other sectors)

TECHNOLOGY: Strong limitations of
conventional technology to utilize green
feedstocks at competitive pricing




\ \/ o !/_ . i
\‘.\ 3 e '...‘
o oyt . ‘ -.._\ I 0 , %
' i 1 I ) e
o
ree B Leuna100 o
!

4 \}/. \
\ &a .gpfaptu}e Utll/zﬂ’}lon/llfectAl Cépture’ )

SOLUTION

Ultra-efficient and
proprietary
homogeneous
catalysis technology
to produce green
methanol
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TECHNOLOGY SCALING ROADMAP

/L . 2022 . 2023 . 2024 2025 . 2026 . 2027 . 2028
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Lab batch experiments Mini plant in Berlin Pilot plant in Leuna Demo plant, in planning
in Berlin Fully operational Commissioning: Q2 2024 Commissioning: Q3 2026
TRL 3,4 (achieved) TRL 5 (achieved) TRL 6 (Q2 2024) TRL 7/8 (Q3 2026)
proof of concept 0,0024 ton per day 0,1 ton per day 10+ ton per day
proof of continuous proof of continuous proof of continuous Partner
production production production gesucht!
with industrial off-the-shelf with industrial off-the-shelf
components under real components with existing
feedstock conditions syngas source (CO+H2) &

mass-balancing Biomethane

at industrial scale under
commercial terms (product
off-take etc)



PILOT PLANT
OPENING

Project: Leunal00
Chemical park Leuna,
Germany

10,4m EUR public
funding

by German Federal
Ministry

for Transport
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https://www.youtube.com/watch?v=NiDWFzek-vs

LEUNA
100

100 years after the
first commercial
methanol
production started
we reinvent the
process completely




Arkemar ¥, St T A (SRl i oM.
R L ﬂ\i ERN\ ) —REWE G et  °
g e 1 L] N - ‘
a A ﬁ _
5 : Fahrschul

W h ere d O : . N {a’igrarz_t_i:ﬁxis Elger @ ; <z
f. d ! a i % = d L E E ol ”‘_,..-‘--LI- - ‘:ﬂ- 3\}25.
- 4 Ly ; . " %
yo urTi n u S | .2 s 1@ A Uptiorplatz q;c&‘al 44’
. : ! . & X . A
: - Haarwelt y
1! Le una ? ', Friseursalon H%?Ig?gﬂgg... i

100% Echthaar,
Verlangerung

T "l ¥ r

s ‘

. : Chemiestandort .

\ } ['euna Tordls .-
- ;

i
o J
B Ciara _2
'

i e . _ %@,{?L-inde = _,
PIlOt plant at § - s W " ' ' _ » CEe KulturhausiLeuna

the Fraunhofer | L S MR A e P ADDIT{JGLLubeDﬂ P\ == 9.

IWES area ié JBetko -\ -
a "', Wisag Prodhklmn = qa“"yo{'

Sefvice W

. 1 S : A 1A " | e .--"" - - | A\
Office AT | | - e\ W
Infraleuna T e [T R wlle -\ TR g e | 3
BU||d|ng / | i s e : . . " =2 Jugendfreizeitzs
. , - . (22
Eingang 5 e — | L g = Com TR WY k2 5 o =
o= e 4 i = = ) * , ‘ =y — 1-. ' Ve r_—~'l |

Raum 1.106 g | &, ; . A TR\ . .“ | i .
- — ol | B i o S | UPM lfeuna Bio (e A 1 :
e ; ' : i-'m; Raﬁlneri‘iﬂr1 A e “ - é

= Lo
. . Eol
o' -
-t g 0

e
HHH Store Leuna®

Aktwes Exoskelett i -
-2




Projekt Leunal00 am Hydrogen Lab Leuna
Arbeitspakete des Fraunhofer IWES

ErschlieBung der neuen Testflache

Medienversorgung

Integration der Einzelanlagen in eine Ubergeordnete
Prozessleittechnik und das Sicherheitssystem des Standortes

Gemeinsames Erarbeiten eines lGbergeordneten Sicherheits- und
Regelkonzeptes flr den Betrieb der gekoppelten Anlagen

Erstellung und Durchfiihrung eines Versuchsplanes fiir einen lastflexiblen
Betrieb unter Betrachtung der Einzelanlagen und der Produktqualitat

= Fraunhofer

Seite 9 21.02.2024
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— ! Fachgebiet .
Leunal100 / reverse Wasser-Gas-Shift / rWGS Gasverfahrenstechnik

Von der Idee zur Anlage!

- Reverse Wasser-Gas-Shift-Reaktion O e e e

X(CO,) [%]

CO, + H, & CO + H,0 ARH® = +41,2 kJ /mol .
* 0 o [h]so 100
2 > e — Abb.: Langzsitversuch AWGS, 100
D h bei 800 °C —stabill
@ % Membran 1 Membran

Abb.: Nachweis rWGS ohne C-
haltige Ablagerungen

Kondensat+
Kihlwasser

Entwicklung DBI-Gruppe

o Katalysatortests

o Simulation

o Basic- Detailengineering

o Aufbau und Inbetriebnahme

Abb.: rWGS-Anlage DBI fur
1,0 m¥h (i.N.) CO

Gruppe




Leunal00: Subproject UMSICHT

Syngas production via low-temperature-co-electrolysis (LTCE)

Stack

H,0

Anode (+)

Kathode (-)
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co, >
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Development of a modular LTCE process for syngas
production from CO, and H,0 for load-flexible methanol

synthesis

Development of a modular balance of plant for
automized operation of the electrolyzer

Electrolysis Stack

Design, construction and assembly of a
PEM electrolysis stack for co-electrolysis

Development of a purification process (pressure swing
adsorption) for syngas production via LTCE)

RUHR
UNIVERSITAT
BOCHUM

Z

RUB

Fraunhofer

UMSICHT
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WIR STELLEN EIN!

Erfahrenen Anlagenfahrer/
Betriebsingenieur in Leuna fur
unsere Pilotanlage.

Sprich uns gerne an:
Sara / Mathias am Stand von
OilRoqg (D16)

mathias@carbon.one
Tel.: 0152-56517439

ERDGESCHOSS
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