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Fields of research
Sustainable restructuring of the economy and society: circular, climate-neutral, economical
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Local Energy
Systems

Circular
Economy Management Hydrogen

Concepts and
technologies for

Materials and processes
for elektrochemical
generation, utilization and
storage of green
hydrogen

Materials and processes Sustainable use of carbon

for a circular use of from biomass, waste and
resources: carbon dioxide

From lab-scale towards

industrial scale

transformation of energy
supply of districts and
industries

=
Page 4 06.03.2024 © Fraunhofer UMSICHT Public % Fraunhofer
UMSICHT



2602200000020 0080 L3 1.7 (i1
280008606 a8eee ®R06
Ui i,
PHIGODEIDOGERD
Fraunhofer UMSICHT b4odebis il sins
..z:::...
e ..ss.:g..
International S3sssse,
- - $3253380 s
projects and cooperations 333eceaaz
0000000 -
ssegs’ t
§§*‘.{'~ﬁ 7 .: N
a8 3
O:O

——
Seite 5 06.03.2024 © Fraunhofer i % Fraunhofer

UMSICHT




7./ Waste Generatio
./~ andManagement

Waste Recycling

Kuwait - eMISKyy.te

National Waste Management
Strategy until 2040



Climate change scenarios
IPCC: CDR ist required to limit global warming to 1.5° C

Field of action Technologies

Emission reduction

Renewable energy system

Decarbonisation
Defossilization / CCU

business-

as—usual\
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Annual CO, Emissions [GtCO,/yr]
w
o

path to 2°C

path to 1.5°C /

I [ [ [
2025 2050 2075 2100

Carbon Removal

Scenarios for achieving the 1.5 and 2 degree target.
Mercator Research Institute on Global Commons and Climate Change (MCC) gGmbH | Berlin
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Climate action in place
CCUS in the European Union and Germany

European
] Net-Zero Industry Act

European Green Deal

European

Climate Law
European (net-zero by 2050) Federal Climate Law
Emission Trading Directive
Carbon Management Strategy

European
CCS Directive

Carbon dioxide
storage law
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Climate action in place
Decarbonization ambitions in the GCC

Net zero by
2060

No CO,capture

target defined

Net zero by
2060
No CO,

8 F I capture target
Carbon pricing ot FdeﬁnedJ

........... Ethrcin o v
+" Netzeroby ™, ﬁ Qatar Net zero by

; 2060 2050

i 44MtCO/pa. } 10 MtCO,/p.a.

% capturedby ' COpotB;%d by

Net zero by
2050
No CO,
capture
target defined

Figure: Roland Berger, 2023
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Climate action in place
CCUS facilities in the GCC

Qatar LNG
Capacity: 21 MtCO,/p.a

COP28 Agreement Net zero by

2060
No CO,capture
target defined

Net zero by
2060
No CO,

Carbon pricing Kuwait C(’Fﬁgfwgget

......... EBahrcin e ‘
e L
'." Net zero by ".' * Qatar Net zero by
S 2060 % 2050
! 44MICO,/p.a. } 10 MtCO,/p.a.

% capturedby cop;gg%d by

. .
--------

Uthmaniyah CO,-EOR Abu Dhabi CCS Phase 1
demonstration for NGL : Emirates Steel Industries

Capacity: 0.8 MtCO,/p.a : Capacity: 0.8 MtCO,/p.a

Net zero by
2050
No CO,
capture
target defined

Figure: Roland Berger, 2023
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Carbon capture, utilization and storage
Sources and Pathways for CO, use

Fuels CO,-Sources

= Methane = Fossil fuel = Industrial processes

= Methanol = Biomass = Soil

= Gasoline/Diesel = Air = Underground deposits

Chemicals
= Base chemicals Conversion

= Monomers EA -—

= Polymers

Non-conversion

ﬁ

(direct use)

Building materials
= Aggregates

= Cement

= Concrete
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Plant nutrition
= Greenhouses

= Algae cultivation

= Urea, Fertilizer

'

Enhanced Oil/ Gas Recovery

= CO,-injection

Production Auxiliary
= Food, Beverages

= Dry cleaning
= Refrigeration
= Welding, ...
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Source: Modified acc. to I[EA 2021



CO,-Emissions and location of oilfields in Kuwait
Carbon dioxide sources and natural sinks in close proximity

Power and water
Chemicals

Road transport
Petroleum down
Petrochemical
Paper

Buildings
Cement

Iron and Steel
Petroleum up
Shipping
Aluminum
Aviation

0 10 20 30 40

CO,-emissions by sector
(Al-Mutairi et al., 2017)
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Geographical distribution of CO,-emissions from Location of Kuwait oilfields (Al-Mutairi et al., 2017)

stationary sources in Kuwait (Al-Mutairi et al., 2017)

\

Public % Fraunhofer

UMSICHT



CO,-Emissions in Kuwait and hydrocarbon-based products

Opportunities for carbon capture and utilization

Power and water I
Chemicals NI
Road transport N
Petroleum down 1N
Petrochemical NI
Paper |
Buildings |
Cement |
Iron and Steel |
Petroleum up |
Shipping |
Aluminum |
Aviation
0O 10 20 30 40

CO,-emissions by sector
(AL-Mutairi et al., 2017)
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Petrochemical products
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m Asphalt

m Detergents
Plastic products

m Fertilizers

= Paints

m Greases

= |ndustrial gases

= Sulfuric acid

= Urea

® Ammonia
Ethylene

= Polyethylene

= Ethylene glycol
Polypropylene

m Paraxylene

m Benzene

= Styrene monomer

Fuels

= Methane

= Methanol

= Gasoline/Diesel

Building materials
= Aggregates

= Cement

= Concrete
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Carbon Capture and Utilization
Energy required for CO, conversion is equivalent to oxidation reduction
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Selection criteria for CCUS-options
Technology Readiness
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Selection criteria vor CCUS-options
Comparative Matrix (exemplarily) e Market size i 1o EU

** Product value for EU

Fuels

jl Gasoline/Diesel 3,14 6-8 530 1,100

Chemicals

A Polypropylene 3,14 8-9 Years | decade 13.2 1,000

Building materials Aggregates &

- CO,-cured concrete 9 Centuries < 1,000

Plant nutrition

' Algae proteins 1,80 5-7 20 13,000
EOR
% CO,-injection /A 9 centuries 65-80 /A
Sources: Philbin 2020; Chavez & Parvenie 2020; European Commission 2019; Hepburn et al. 2019
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BO2CCU — Oxyfuel combustion ¢
biomass and waste

Oxyfuel combustion of biogenic gases and sepa
high-purity CO,-stream in addition to heat ge
2022 - 2024




Why OxyFuel-Combustion ...

....and why now?

Combustion

C,H0, @+ H,0 + X
. Abgas
X + 0,

Elektrolyzer

Griner

Wasserstoff (H,) % Stromquelle Saverstoff (O,)
2/
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Flue gas condensation

M,Zx

Public

Carbon Capture and Utilization (CCU)

Further processing into Physical utilisation as
products technical gas

e.g. into plastics, chemicals, e.g. beverage industry
fuels, fertilisers, etc.

e

Carbon Capture and Storage (CCS)

CO, Capture

CO, Storage
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Sustainable fuels from Biomass, CO, and green elctricity
Power-to-X Technologies and Biomass-to-Liquid Technologies in combination

Raw Materials Treatment Catalysis Cleaning Products

‘ CH,OH

Oil

Biochar
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Gascleaning and conditioning
Research and development at industrial scale

[ Wind Power )( Solar Energy ] Power Grid J( Gas Grid ]

< .
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Control PR L ’
Energy
ey Amine scrubbing
o" Urea - .
' and desulphurization
Control -"" Gas COﬂditiOﬂiﬂg
Chemical :
T Control .
CO, Sources Pressure Swing
adsorption (PSA)
H,-supply
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Outlook
Kuwait as a regional CCUS Hub

Expansion of renewable energy production

Adaptation of legal framework and policies Kuwait as
a regional

CCUS hub

Business models for capture, transport, storage and utilization of CO,
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Contact

Prof. Dr.-Ing. Matthias Franke

Director Fraunhofer UMSICHT

Institute branch Sulzbach-Rosenberg
Tel. +49 9661 8155-600
matthias.franke@umsicht.fraunhofer.de

Fraunhofer UMSICHT Sulzbach-Rosenberg
An der Maxhdtte 1

92237 Sulzbach-Rosenberg | Germany
www.umsicht-suro.fraunhofer.de
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