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Why Decarbonization?

“Critical to tackling the climate crisis”

“The current greenhouse gas induced warming of Earth is essentially irreversible on human timescales.
The amount and rate of further warming will depend on how much more CO, (s added to the atmosphere.

A sharp reduction in CO, emissions (s needed to slow climate change and avoid the most severe impacts
on weather extremes, ecosystems, human health, and infrastructure”.

“The 2016 Paris Agreement set an aspirational target of limiting warming to 1.5°C. Meeting that goal
will require global emissions to be reduced by about 45 percent from 2010 levels by 2030, reaching net-zero
emissions by 2050. Meeting those emissions targets will require dramatic reductions in global

CO, emissions combined with the active removal of CO, from the atmosphere”

Source: The National Academies Press

Transition to a Decarbonized, cleaner and more Sustainable Energy is subsequently Required


https://nap.nationalacademies.org/resource/other/dels/net-zero-emissions-by-2050/

Energy Transition and Decarbonization LUnGS
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“ Transformative shift in how energy is produced, distributed and consumed, aiming
to move away from fossil fuels towards a system centred on renewable energy

sources”

“Involves adopting Cleaner Energy Sources but also Enhancing Energy Efficiency,
Deploying Advanced Technologies, and Decarbonizing key sectors such as Electricity,

Transportation and Industry”



Is Energy Transition happening ?

Global investment in energy transition, by sector
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 Enerqgy Transition Investment Trends 2025



https://assets.bbhub.io/professional/sites/24/951623_BNEF-Energy-Transition-Trends-2025-Abridged.pdf
https://assets.bbhub.io/professional/sites/24/951623_BNEF-Energy-Transition-Trends-2025-Abridged.pdf

The Trend * IEA 2023

Global energy sector CO2 emissions, 2000-2022
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The Nature and Scale of the Task

* IEA 2023

Energy sector gross emissions and removals, total net CO2
emissions, and net emissions by sector in the NZE Scenario,

2010-2050

LT LIE S LIS E IR NI L IR IA R L LI IRl LRl IR LIIER IRl IR L IRl R tYY)

hELERIIEEL IR LI L R L IERLIIELRL IERLIRELL IR ] Y]

Net emissions

(IR AL I IE L LA IIRRI I IEE L IR IREL LI L LLY]
Tl L L IR LI LR L LR AT IR NL LRRTL LIS L))
A R R Rk R ARl R RS

Gross emissions

LALE R L LI RIS Ll IRL LY

Gross removals

(LT L P R R P P P P P LA PR N PR PN L PR PR P PR T E

2010 2030 2050

16
14
12
10

S T~ S =) T o

-2

LRSI LRl IS LIS LI R Il L IE R IRl LI Il Ll Rl IaEEl L]

LARLLIL R LY ] LELLERL L IELT LR LI Rl LIl I Rl LIERTIILIELT L]

AN NN N AN NN

FAFHUFFEIEFARI RS SUP P PR

Transpnri
Buildingsssesrsssernronssens

Industry

--------

LIRL LI IER LI L IR RT IR L IERLI I LT IRl Rl LI LI Ll RLILIEL ] %]

2010 2030 2050

IEA. CC BY 4.0.

Energy sector CO; emissions are reduced é5% by 2035 and reach net zero by 2050, with
residual emissions of 1.7 Gf balanced by atmospheric removals of the same magnitude



The Measures

CO:2 emissions reductions by mitigation measure in the
NZE Scenario, 2022-2050
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Expansion of solar PV, wind and other renewables, energy infensity improvements and
direct electrification of end-uses combined contribute 80% of emission reductions by 2030

Notes: Activity = energy services demand changes from economic and population growth. CCUS includes
BECCS and DACS.
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A Pathway to Decarbonisation
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Demand in Fossil Fuel — NZE * 1A 2023

Qil, natural gas and coal supply by region in the NZE Scenario,

2010-2050
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IEA. CC BY 4.0.

Declines in demand can be met without approving new, long lead time upstream
conventional oil and gas projects, new coal mines or mine lifetime extensions



Demand in Carbon Capture — NZE * 1EA 2023
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Demand in Low emission Hydrogen — NZE

Mt H;
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* IEA 2023
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Hydrogen Production: Main Processes Involved (U iitiaton (L) Prototype

®
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o Valorised via P2X

o Captured and Purified as a Product
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Natural gas reformed to H, and
CO/CO, in a Steam Methane
Reformer (SMR)
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Natural gas reformed to H, and
CO/CO, in an Autothermal
Methane-Reformer (ATR); remaining
CO, stream is sequestered (CCS)
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Projection on cost of Hydrogen based on CO2 intensity*

& o

Water is split into H, and O, using
renewable electricity in an
electrolyzer (Alkaline, PEM or
SOEC)

2020 30 2050

' Costs for hydrogen produced in new installations; Assuming CO2 tax of USD 28/ton in 2020, USD 48/ton in 2030, USD 300/ton in 2050, excluding vectorization/transport

Source: LBST; Hydrogen Council - Path to Cost Competitiveness: McKinsey

* The Hydrogen Council

Green Hydrogen Production Will Require Efficient, Reliable, Scalable and Low-Cost Technology




Energy consumption by Sources and Selected Industries  *weaz

> Final energy consumption by fuel in selected industry
sub-sectors, 2022-2050
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Net zero emissions in industry relies heavily on electricity, hydrogen and CCUS. Unabated
fossil fuel use plummets while pefrochemical feedstock demand decreases more slowly.



The Technologies — Emerging and Capex/Opex Intensive

Comparison of COz emissions reductions in 2050 relative to base
year by technology maturity in the 2021 and 2023 NZE Scenarios
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IEA. CCBY 4.0.

Emissions reductions by 2050 from technologies in demonsiration or prototype sfage have
been reduced from almost half in the 2021 NIE to around 35% in the 2023 NIE Scenario

* IEA 2023

Technology readiness level for selected technologies
relative to technology maturity targets in the NZE Scenario
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Accelerating clean energy innovation has delivered important technology upgracdes
in the lasf few years, although much remains fo be done to achieve net zero pathways



Electrolyser Technologies
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SOEC - Most Energy Efficient, Versatile and Scalable and

Principle Conversion SOEC
SOEC (O/H - SOEC) Reactant Single Cell Product
Clean Electrolyte
Electricity
Stack
Application
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* IEA 2023

Examples of Industries
Developing Specific Pathways to Decarbonisation
Using Electrolysis Technology



Green Ammonia likely Product Process

Simplified block flow diagram of integrated SOE in Green Ammonia plant
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Green Ammonia As Energy Carrier

Saudi Arabia:

e Joint venture Air Products, ACWA and NEOM,

* S5 billion investment, green hydrogen-based ammonia production for export to global markets
* 4 GW of renewable power (solar, wind and storage);
e 650 tons per day of H2 by electrolysis (thyssenkrupp technology);
e Production of N2 by air separation (Air Products technology)

e 1.2 million tons per year of green ammonia using Haldor Topsoe technology.
* Projectis scheduled onstream for 2025.

Oman:

 EDF Group, J-Power and Yamna Consortium
4.5 GW of renewable (wind, solar and storage)
e 2.5 GW Electrolyser.

1 million tons per year of green ammonia


https://www.airproducts.com/Company/news-center/2020/07/0705-air-products-and-thyssenkrupp-agreement-for-electrolysis-plants-to-generate-green-hydrogen.aspx
https://www.airproducts.com/Company/news-center/2020/07/0705-air-products-and-thyssenkrupp-agreement-for-electrolysis-plants-to-generate-green-hydrogen.aspx
https://www.airproducts.com/Company/news-center/2020/05/0515-air-products-and-haldor-topsoe-sign-global-alliance.aspx
https://www.airproducts.com/Company/news-center/2020/05/0515-air-products-and-haldor-topsoe-sign-global-alliance.aspx
https://www.airproducts.com/Company/news-center/2020/05/0515-air-products-and-haldor-topsoe-sign-global-alliance.aspx

* IEA 2023

Green Ammonia powered by SMR Thorium Molten Salt Reactors

Project (MOU):

* 1 Million t/y of Ultra-Low emission
NH3

* Investment USD 4 billion

* Topsoe will supply SOEC

* Copehagen Atomic will provide x25
SMR Reactors (1GW)

e Start Up 2028-2029

#4%. copenhagen
%4 atomics

1x reactor being delivered by trick

A conceptual visualization of a 'GW Power plant




SMR - Thorium fuelled Molten Salt Reactor

our solution
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Renewable Energy in Raw Iron Production

Renewable energy in raw iron production

CO,,H,0
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' 2 2
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CO2 turned into syngas via Co-Electrolysis, then recycled as a reducing agent

Lynas

Rare Earths




Hydrogen and Power to X Value Chains (D) Initiation (L) Prototype
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Lynas

Power to X routes in the Iron and Steel industry Rare Earths
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* IEA 2023

Energy Transition
Sustainability and Circularity



Waste to Energy

= (Source: Cerema / GRTgaz)

Hydrothermal Gasification — The Technology

Hydrothermal
Gasification Process

A thermochemical conversion
working:

» In the obligatory presence of
water

~

» At the limit of the liquid and gas
phases around the critical point
of water (221 bar/ 374°C)
> H,0 becomes a solvent
(solid separation)
+ very reactive (H ,
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» Or at high temperature : 250 to
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» With high overall energy
efficiency : 75 to 90%
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- Generates a clean gas, sulfur free and rich in methane (up to 70 vol.%)
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+ Produces a process water free of contaminants and rich in ammonium

- Enables nutrients recovery (e.g. phosphorus, ammonium) ¢ ¢
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Waste to Energy .
Hydrothermal Gasification — The Value Chain

(Source: Cerema / GRTgaz)
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* IEA 2023

Energy Transition and Decarbonization
Could Al Help ?



Al Applications in Industry

~

Quality control checking
material characteristics

Predictive maintenance
identifying failure risks early

Generative design accelerating
development of new products

Holistic process optimisation
combining different
processas in the plant

ntelligent robots
handling various tasks §

Supply chain management
optimising forecasting or transport

r ™~

IEA. CC BY 4.0.

o A
Digital twin representing all
processas in the factory virtually

K



Al impact on various Industry and applicability in specific areas

Oil and Critical
gas minerals

Power Grids Industry  Transport  Buildings

Resource
o

N.a. Mn.a. n.d.
management

Applications related to the assessment, characterisation and extraction of resources,
including fossil fuels, critical minerals, renewables (e g. wind, solar, hydro and
geothermal) and CCLUS.

Design and . . .

development

Applications related to the design, planning, development and construction of assets
to extract, harmess, transform and transport resources, and assets that are end-users
of energy.

Operational
optimisation . . . . . '.
Applications that enhance the efficiency and output of a process (or set of processas)

related to the extraction, generation, transformation and transport of energy, or in
end-use sectors.

Automation and .

n.d.
autonomy

Applications that remove significant elements of human interaction within a system or
process.

Legend: n.a. = not applicable; @ = limited relevance; = moderate relevance; ®- highly applicable

Mote: CCUS = carbon capture, utilisation and storage.



Al and Decarbonization by Improved Power Plants Operations

llustrative potential annual cost savings in the Widespread
Adoption Case in power plant operations worldwide, 2025-20335

USD billion (2023, MER)

10% lower O&M costs Efficiency: 6-8% more Four-year life extension for
for all power plants electricity output per unit of  coal, gas and renewables
fuel for coal and gas

IEA. CC BY 4.0



Decarbonization by Energy Efficiency — Some Examples

w 5 10%
4 - 8%
3 6%
2 4%
1 2%
Iron and Cement Chemicals  Aluminium Paper Other
steel industry

W Advanced economies M China 7 Other EMDE » Share of industry consumption (right axis)

IEA. CC BY 4.0.

Light industries show a higher relative savings potential as energy use is less optimised; in
heavy indusfries, Al can stillimprove energy efficiency and thereby also competitiveness

Note: EMDE = emerging market and developing economies.



Decarbonization in Transport via Efficiency and Optimization

VS

Fuel consumption per flight
can be reduced uzing
Al=driven route optimisation

Maritime freight energy use can ba
decreased through optim ised n:ute
mapping ar-d load planning

v

Rail energy demand can be reducad with
Al-based optimisation systems, Including
routing and predictive maintenance

Road fuel efficiency can be improved
"Q'I throwgh optimised routes, ride-sharing,
Ll

and autonﬂmuus driving

Public transport can cut energy demand
by leveraging maintenance planning, ) '\\
_~ scheduling, and route optimisation -

IEA. CC BY 4.0

Al can deliver opfimisation and improved operations across mulfiple end-uses,
especially for passenger and freight vrban mobility




Decarbonization in Transport via Efficiency and Optimization

Figure 4.1 = Innovation fimelines for zelected energy technologiez and
artificial nevral networks

Lithium-ion batteries (global) |
Battery electric vehicles (global)
PEM hydrogen electrolysis (global) : D
Wind electricity (Denmark) !
Solar PV (Germany) 5 |
CCGT (Japan) R
Muclear (France) s |
Bioethanol cars (Brazil) - ]
Air conditioning (US) T : :
Internal combustion engines (US) 000

Artificial neural networks (global) | I
1875 1900 1925 1950 1975 2000 2025
M Invention to commercialisation W Commercialisation to mass market uptake

IEA. CC BY 4.0.

In the past, it has typically taken several decades for an energy technology to go from
invention to commercialisation and a further 20 years to reach mass market vptake



Al and Accelerated pace from Invention to Commercialisaiton

Conventional Al-driven

discovery

Number of

discovery candidates

Examples of Al technologies

More candidates
generated in a

shorter time

Targets for further
development identified

Generative tools trained on large

but incomplete datasets propose
novel candidates.

Predictive tools rapidly assess the
performance of novel candidates in the
large design space.

Leads screened
more effectively

Physical tools like self-driving laboratories
enable repeatable, rapid and scalable
assessment of short-listed candidates.

Selected option has superior
performance and is deployed sooner

Indicative time

Predictive tools can identify defective
products {e.g. in battery manufacturing)
to continuously improve online operation.

IEA. CCBY 4.0.

Al-led design approaches can use existing information to systematically expand the

search space to consider more options than could ever be experimentally feasible



Al and Accelerated pace from Invention to Commercialisation
e.g. Cement Industry Decarbonization

(I O 6l 500 = = Conventional
E g 400 cement

g § I Low-carbonate

E 6 - W W R 300 & feedstock

& 3" M Non-carbonate

aﬁ 4 - W BN R 200 = feedstock

E © Process emissions
-E 2 .- .- ... DR ... .. ... - 100 (right axis)

l—

® )

OPC LC350 CCSCs Ultra-low- Calcium Mg-based
clinker silicate cements
cements

IEA. CCBY 4.0.

Novel cement types can offer significantly lower process emissions
but require ongoing innovation to reach the market

Motes: OPC = ordinary Portland cement; LC350 = limestone calcined clay cements with a clinker content of
50%; CCSCs = carbonating calcium silica cements; Mg = magnesium. OPC is a mature technology with a TRL
greater than 9. Sequestration effects during the carbonation of CCSCs are not counted in the estimation of

their process emissions.



Potential Barriers to adoption of Al applications in Energy

Barrier Potential impact on SUCCEss Effort to overcome
Access to data [ ] P

Access to digital infrastructure [ ] P

Skills and training [ ]
Regulation

Security [ ]

Culture and social trust P

0 Low | Moderate @ High @ Very high




Potential Barriers - Powering Data Centre

Exploration Base Case: 945 TWh by 2030
 ~3% of total global electricity consumption
1 BOM)  seevvressrrassnavassccrsnetrannn ceases canann rasn rasens ramss Fraset runss eraseT rasnan ras rranes rangfeaset rennan ranes anean r ° (X2 from 2024)

2020 2025 2030 2035

EA. CCBEY 4.00

The ovtlook for data cenfre electricity demand is highly vncerfain, driven by factors
including efficiency improvements, Al uptake and potential energy sector botflenecks

Challenge: Access to Affordable Low Carbon Power on site/on time



Summary

Energy Transition and Decarbonization are necessary to address climate change
challenges

Despite large investments (Trillions of USD) Deployment of Cleaner Energy Sources, Energy
Efficiency improvements, Deployment of Advanced Technologies, leading to Decarbonizing of
key sectors such as Electricity, Transportation and Industry is Slower than earlier Anticipated

Challenges are associated to low pace of new technologies deployment (from invention), high
CAPEX/OPEX

As a Result, Meeting Net Zero Scenario by 2050 is a Real Challenge

Al can help optimize existing assets and operations leading to substantial efficiencies and
carbon reduction

Al can help accelerate new technology invention to deployment process accelerating their
deployment and therefore, enerqy transition and decarbonization



Thanks
Questions ?
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