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CO, conversion technology

. Fuel
’ (H, required)

~

N

Syngas (H,/CO)

CH3OH N
/" Elementry carbon,
Coke production

Hydrocarbon

Methane\¢ CH,
Reforming

Hydrogenation

Syngas, C;H; 1 + C4Hq

+e-(and(H+ l‘
(ana(H+) CO, HCHO,
Electrochemical = CH.OH. CH
or BTX J‘ Reforming, reduction 'L bR, 'y, Qk
dehydrogenation HCOOH /
or aromatization I
Reforming method Output CO, &=& Photochemical ;
\ Reduction
0.23t CO,/tCO + NH,/ Coupling ‘;L
CDR or Reaction
(Carbon dioxide dry reforming) . /
B Carbamates for urea “_ CO, HCHO,
Carbonate esters for ‘CH;0OH, CH, or
co -2.73tC0,/tCO polycarbonate plastics “HCOOH
SMR P
(Steam methane reforming) I
H, ~7.13t CO,/tH,
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300 299
Reaction Stoichiometry Enthalpy
CO, Reforming of Methane (DRM) CH,+ CO,— 2CO + 2H, +247.3 (endothermic) sl ¥
/
Stea/nar Reforming of Methane (SRM) CH,+H,0 — CO +3H, +206.3 (endothermic) = ,,, L
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P,aftial Oxidation of Methane (POM) CH,+ 1/20, — CO +2H, -35.6 (exothermic) E,
! = |
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> Year

Fig. 1. Number of publications versus years (1994-2020) extracted from cita-

( ) ( )
Endothermic reaction High temperature tion database of Scopus (Elsevier) retrieved using the keywords “dry reforming
\ J \ J of methane” and limited to keywords “Synthesis Gas, Catalysts”.
( N\ ( N\
Coke formation Low pressure Source : Journal of the Indian Chemical Society (2021)
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> Mineralization of CO, is the only CO,U technology used for the building market
» Catalytic conversion of CO, is widely used for production of chemical intermediates, biofuels, and polymers

> Fermentation for CO, conversion is less well established. Two companies that are at scale, Lanzatech and
NewLight Technologies, use CO and methane as the main carbon sources for their processes, respectively.

> Photocatalytic and electrochemical conversion technologies require more development and evidence of
scalability.

Catalytic conversion technology and mineralization are the most well developed technologies.
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; HSFHAILA(LNG), Y= HAZIL(CNG), H2MFILA(LPG), HIEHE, 4, RFEL|O}

(718 - MEtA AR E [t &)
LPG, HIO|2 A=

==Y AH 0| MALe| Met 2= Sl CM[AH = XY ©92H2023.4., Clarksons Research) \
A A e e ING Here 7|E}
1. MSC 75 63 0 12
2. MAERSK 19 0 19 0
3. CMA CGM 85 45 24 16
4. COSCO 15 0 9 6
5. Haapa—Lloyd 18 12 0 3

Source : EtEFA 2} YA & BF(2023)
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Solid biomass, waste, tires and plastic waste

| | Pyrolysis, HTL Gasification

Pretreatment
HydroFlex™ G2L™ Biofuels
Hydroprocessing Syngas purification,
Fischer-Tropsch,
Hydrocracking
HEFA-SPK’ Advanced HEFA-SPK* FT-SPK
(>80%) (>80%) (>85%)
. Feed Process Process (Topsoe)

1. From waste oils and fats. 2 Not approved ASTM pathways yet
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MTlet™
Methanol synthesis,
Methanol-to-let

Advanced biofuel® (>85%)

Product (GHG emissions savings)

(47) eFUELS
\ I

Renewable
electricity

Carbon
Electrolysis capture
G2L™ eFuels MTJet™
eREACT™, Methanol synthesis,
Fischer-Tropsch, Methanol-to-Jet
Hydrocracking
FT-5PK elet’
(99-100%) {up to 100%)

Source : https://www.topsoe.co

ATJ-SPK

| -

{ Extraction and Fermentation

Dehydration
Oligomerisation
Hydroprocessing
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E-fuels and hydrogen-

Biofuels? based fuels®

Drop-in sustainable fuels®
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(mmt/a)
Renewable and
Ethanol e-diesel Bio- or e-jet
© ST o
FAME® biodiesel Bio- or e-gasoline
]
Liguids
Gases
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17%

Bio- or e-methane®

41%

CAGR %t (2030H)

(EX: McKinsey & Company, 2023)
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Feedstock

Edible oil

Edible sugars

Waste oils
{Annex X
part A)

Waste oils
{Annex |X
part B)!

Lignocellulosic
and other?

——— -

Industrial
{biogenic)
1 point source
1 COz or direct
| air capture

_________

1
1
1
1

~——— - ——

2019

End products

Sustainable
aviation fuel

Drop-in
diesel

Drop-in
gasoline

Sustainable
methane®

Sustainable
methanol®

Ethanol

FAME®

20504 X|5)ts A9 4N

Feedstock

Edible il

Edible sugars

Waste oils
(Annex [X
part At

Waste oils
(Annex IX
part B)!

Lignocellulosic
and other?

Industrial
{biogenic)
point source
CO2 or direct
air capture

2050

End products

Crop-in
diesel

Drop-in
gasoline

Sustainable
methane?

]
I Sustainable
methanol*

1
| Sy

o FAMES

(EX: McKinsey & Company, 2023)
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Country Name of project R Tom | || A
electrolysis capacity (GW) (billion KRW)
[ (Spain, FrEanmanf‘remmn}r} Hydeal ambition 67 2020 2030 -
Kazakhstan Kazakhstan green hydrogen project 20 - 2030 63,000
Oman Al Wausta green H2 project 11.4 2028 2038 390,000
Mauntania AMAN project 10 2021 2030 520,000
Mauntania Project Mour 10 2022 2030 45 500
Austrailia Desert Bloom 10 2022 2027 130,000
Spain HyDeal Espana 74 2021 2030 -
Netherlands NortH2 6.4 2020 2040 -
Denmark Hydrogen island 6.4 2022 2030 -
France H2V 3 2016 2030 34,000

IATKE,

(EX: JHNE, 2024)
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Electrolysis type Total Total
. . . electrolysis | Start | End | funds
Country| Specific location Name of project N S
AWE|PEMWE SOEC| AEMWE | capacity | year | year |(billion
(MW) KRW)
Development and demonstration of
s hydrogen (600 kg) and battery (2 MWh)
5 _g d : storage system technology using renewable| O O - - 33 2020 | 2023 [ 205
—Cluco energy-linked green hydrogen production
technology
Development of performance evaluation
¥
CONBEWANE,  |,nd operation technology of green hydrogen| O 0 : 5 22 |2021 2024 | 227
Jeollanam-do :
production system
Dongbok. Development of large scale green hydrogen
Korea Jc'lf 5 demonsiration technology connected with | O O 8] 8] 125 2022 | 2026 | 622
HEe 12.5 MW renewable energy
Buan,
Jeollabuk-do - (4] - - 25 2022 | 2025 | 119
Pyeongchang, . .
Gangwon-do Hydrogen production facility . 0 - - 25 2022 | 2025 | 121
construction project based on water
Donghee, electrolysis - 0 - - 25 |2023 [ 2026 | 128
Gangwon-do ’
Boryeong,
Chumgheomgitui - 25 2023 | 2026 | 116

Institute for
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The Power to Methanol project in Antwerp, INOVYN Lillo, Belgium

Following the initial Joint Development phase, a consortium was
established at the beginning of 2020 to facilitate the construction of the
Power to Methanol demonstration plant by 2022,

Risk & 4d

Methanol : 8,000tpa

(8ol =2 + ZH co,)

™
Ty
. -m- HYDROGEN OXYGEN
% —é}% il —H,|+]|0,|>
WINDTURBINES & ELECTROLYSIS
7 c}if’
E

SOLAR PANELS OF WATER

INDUSTRIAL SCALE SUSTAINABLE
DEMONSTRATION METHANOL
PLANT (NON FOSSIL)
oooo j "'\: j\
®
[ ] CO; ol }.
POWER TO
ENERGY PLANT CAPTURED e BARE

)
ANTWERF BY / /
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WESTKUSTEI00 project, ~2025, Germany

Concept and test-run of a 30-MW electrolysis
facility RHG100 (89 million euros)
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North-C-Methanol, Belgium

» A gradual increase of the Methanol capacity from 65 MW in
2024 to 600 MW in 2030

[> Methanol : 44,000t/y ]‘

» a gradual increase of the North-C-Methanol capacity from 65
MW in 2024 to 600 MW in 2030

=
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-
-
-
-
-
-
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- 1 R - —
4, EEEEE
H p 10 m }\
Reé‘ne;':gsle Electrolyzer Hydrogen Methanol Synthesis Methanol
460 GWh/y 65 MW 8900 tons/y T‘;QOO(’)::nS/Y'Y
© be used local

a J

To be used locally 65000 tons/y To be used locally
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Mitsui-Celanese, Texas site (2024)

> expected to capture 180,000 metric tons of CO,

» produce 130,000 metric tons of low-carbon methanol per year

Celanese : acetic acid, vinyl acetate monomer (VAM) & M= 7|
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Prototype CO, recycling plant

| CO, Recycling Plant |

Coast ncar by desert

The Methanation Process

Hydrogen

Utilizes
existing

PtG project : methane production

Water electrolysis facilities
(5 94 I:|| "‘7H) __ powered by Methane g%s%gg
Electricity generation Hydrogen production renewable energy SYnthESIS

R Yo, 120, Recovery from ATTTTTTTIA Combustion‘
Energy consumer thermal power
s B plants, etc.

2% Tokyo Gas methanation
' fac111ty in Yokohama's
Tsumrm Ward that pro-
wdiices synthetic meth-
ane from hydrogen and

Combustion & "Methane furmanm by the reactic 3

carbon dioxide capture of hydrogen and carbon dioxide
CH, + 20, + CO, + 2H,0 CH, § 4H, +('O +CH, +2H,0

A AT T T I R T Tl e S o OO AR

1995 at Institute for Materials Research, Tohoku University

Status: unknown, plants built in 1995 and 2003
The capacity for hydrogen production is 4 NmJh and for methane production 1 Nm3h
Project partners: Tohoku University, Tohoku Institute of Technology

IATKE,
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E-gas Project (Audie, Germany)

6 MWe Wind Power input electrolyzers : 3x2 MW
(Alkaline + Chemical methanation) Max. H, output : 1,300 Nm3h
CH, : 2,500 tly
2N\, / /’EF !
j:,'. | T electricity ),i':"f H, CH,=e-gas Gas-injection
,»""r —_— _— —_—
— I {
& Electrolysis
A
!
: Cco, Gas grid:
1 CH, = natural
I —] gas for
5 1 heating,
; I mobility,
} power
i generation

Audi g-tron

CH,

Audi’'s first plant:

CO, from residues based biogas plant .
CH, = Biomethan

IATKE,
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BioCat project (Electrochaea, Denmark)

1 MWe commercial scale operation commissioned in 2016

1 MWe plant erected in 2017-2018

10 MWe study for Hungary

(Alkaline + Biological methanation)

L

Power

Water

Electrolyzer

CH,

Heat

2 H,0

* Heat

* Oxygen

4 issued patents, active patent applications worldwide

Methanation
Electrolysis

Net Reaction

Proprietary Biocatalyst

Operating Conditions

Chemical Reactions

CO, +4H, > CH, + 2H,0 + Heat
4H,0 > 4H,+ 20, + Heat

Institute for
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BioCat project (Electrochaea, Denmark)

Impact of a 250 MW biomethanation plant

2,000GWh, + 185,000t CO, 250MW,, BioCat® methanation system 12,500Nm*/h RNG

CH, : 78,000 t/y
yearly consumption of
= ~10,000 CNG cars

BioCatProject

| 147mn km with 1 CNG car
.' (~3660x around the world)

ﬁ energy of ~625,000

Renewable energy i }

+ ~103,000 passengers co,
flying from London to NY

CO, Mitigation of ~15mn
trees

Re-utilization of resources Reduction of CO, footprint

*assumptions:

* Heat and electricity for one year 3,200 kWh in a household with 4 person in Germany (2013)

» Consumption average CNG car: 4.5kg CNG/100km, yearly distance: 15,000km/year

* 8,000 h/a of operation, electrolysis included

* One beech binds 12,5 kg CO2 /year * CO2 emissions calculator www.atmosfair.de

Institute for
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Institute or Company| Type of Fuel Current status

Svartsengi,

Iceland 2015
Anyang,

China 2022
Jiangsu,

China 2022
Hergya, 2024
Norway

Patagonia,

Chile 2026
Hergya, 2026
Norway

Institute for
Advanced Engineering

Carbon Recycling
International

Carbon Recycling
International

Carbon Recycling
International

Nordic Electrofuel

Siemens Energy,
Porsche AG

Norsk e-Fuel

Methanol

Methanol

Methanol

Jet fuel

Gasoline

Renewable fuel

4,000 tly

110,000 t/y

100,000 tly

10M Lfy

550M Ly

100M L1y

Operating

Under
construction

Operating

Announced

Under
construction

Announced
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Power-to-Gas
co, andfor CO

Power Gas grid

4
network = Hz/
V Natural gas
Renewable Biogas
energies SNG

Equipment &4 S 4 2 8/315

2 Equipment 30 242
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Thank you for your aife

(shkang@iae.re.kr)






