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CAUTIONARY NOTE

The companies in which Shell plc directly and indirectly owns investments are separate legal entities. In this presentation “Shell”, “Shell Group” and “Group” are sometimes used for convenience where references are made to Shell plc and its subsidiaries in general.
Likewise, the words “we”, “us” and “our” are also used to refer to Shell plc and its subsidiaries in general or to those who work for them. These terms are also used where no useful purpose is served by identifying the particular entity or entities. “Subsidiaries”, “Shell
subsidiaries” and “Shell companies” as used in this presentation refer to entities over which Shell plc either directly or indirectly has control. The term “joint venture”, “joint operations”, “joint arrangements”, and “associates” may also be used to refer to a commercial
arrangement in which Shell has a direct or indirect ownership interest with one or more parties. The term “Shell interest” is used for convenience to indicate the direct and/or indirect ownership interest held by Shell in an entity or unincorporated joint arrangement,

after exclusion of all third-party interest.

Forward-looking statements

This presentation contains forward-looking statements (within the meaning of the U.S. Private Securities Litigation Reform Act of 1995) concerning the financial condition, results of operations and businesses of Shell. All statements other than statements of historical
fact are, or may be deemed to be, forward-looking statements. Forward-looking statements are statements of future expectations that are based on management’s current expectations and assumptions and involve known and unknown risks and uncertainties that
could cause actual results, performance or events to differ materially from those expressed or implied in these statements. Forward-looking statements include, among other things, statements conceming the potential exposure of Shell to market risks and statements
expressing management’s expectations, beliefs, estimates, forecasts, projections and assumptions. These forward-looking statements are identified by their use of terms and phrases such as “aim”, “ambition”, “anticipate”, “believe”, “could”, “estimate”, “expect”,
“goals”, “intend”, “may”, “milestones”, “objectives”, “outlook”, “plan”, “probably”, “project”, “risks”, “schedule”, “seek”, “should”, “target”, “will” and similar terms and phrases. There are a number of factors that could affect the future operations of Shell and could
cause those results to differ materially from those expressed in the forward-looking statements included in this presentation, including (without limitation): (a) price fluctuations in crude oil and natural gas; (b) changes in demand for Shell's products; (c) currency
fluctuations; (d) drilling and production results; {e) reserves estimates; (f) loss of market share and industry competition; (g} environmental and physical risks; (h) risks associated with the identification of suitable potential acquisition properties and targets, and
successful negotiation and completion of such transactions; [i) the risk of doing business in developing countries and countries subject to international sanctions; (j) legislative, judicial, fiscal and regulatory developments including regulatory measures addressing
climate change; (k) economic and financial market conditions in various countries and regions; {l) political risks, including the risks of expropriation and renegotiation of the terms of contracts with governmental entities, delays or advancements in the approval of
projects and delays in the reimbursement for shared costs; (m) risks associated with the impact of pandemics, such as the COVID-19 (coronavirus) outbreak, regional conflicts, such as Russia’s invasion of Ukraine, and a significant cybersecurity breach; and (n) changes
in trading conditions. No assurance is provided that future dividend payments will match or exceed previous dividend payments. All forward-looking statements contained in this presentation are expressly qualified in their entirety by the cautionary statements
contained or referred to in this section. Readers should not place undue reliance on forward-looking statements. Additional risk factors that may affect future results are contained in Shell plc’s Form 20-F for the year ended December 31, 2023 (available at
www.shell.com/investors/news-and-filings/secilings.html and www.sec.gov). These risk factors also expressly qualify all forward-looking statements contained in this presentation and should be considered by the reader. Each forwardHooking statement speaks only
as of the date of this presentation, 19 June 2024. Neither Shell plc nor any of its subsidiaries undertake any obligation to publicly update or revise any forward-looking statement as a result of new information, future events or other information. In light of these risks,
results could differ materially from those stated, implied or inferred from the forward-looking statements contained in this presentation.

Shell’s net carbon intensity
Also, in this presentation we may refer to Shell's “net carbon intensity”, which includes Shell’s carbon emissions from the production of our energy products, our suppliers’ carbon emissions in supplying energy for that production and our customers’ carbon emissions

1o

associated with their use of the energy products we sell. Shell only controls its own emissions. The use of the term Shell’s “net carbon intensity” is for convenience only and not intended to suggest these emissions are those of Shell plc or its subsidiaries.

Shell's net-zero emissions target

Shell's operating plan, outlook and budgets are forecasted for a ten-year period and are updated every year. They reflect the current economic environment and what we can reasonably expect to see over the next ten years. Accordingly, they reflect our Scope 1,
Scope 2 and Net Carbon Intensity (NCI) targets over the next ten years. However, Shell’s operating plans cannot reflect our 2050 net-zero emissions target, as this target is currently outside our planning period. In the future, as society moves towards net-zero
emissions, we expect Shell's operating plans to reflect this movement. However, if society is not net zero in 2050, as of today, there would be significant risk that Shell may not meet this target.

Forward looking non-GAAP measures

This presentation may contain certain forward-looking non-GAAP measures such as cash capital expenditure and divestments. We are unable to provide a reconciliation of these forward-looking non-GAAP measures to the most comparable GAAP financial measures
because certain information needed to reconcile those non-GAAP measures to the most comparable GAAP financial measures is dependent on future events some of which are outside the control of Shell, such as oil and gas prices, interest rates and exchange rates.
Moreover, estimating such GAAP measures with the required precision necessary to provide a meaningful reconciliation is extremely difficult and could not be accomplished without unreasonable effort. Non-GAAP measures in respect of future periods which cannot
be reconciled to the most comparable GAAP financial measure are calculated in a manner which is consistent with the accounting policies applied in Shell plc’s consolidated financial statements.

The contents of websites referred to in this presentation do not form part of this presentation.

We may have used certain terms, such as resources, in this presentation that the United States Securities and Exchange Commission (SEC) strictly prohibits us from including in our filings with the SEC. Investors are urged to consider closely the disclosure in our Form
20-F, File No 1-32575, available on the SEC website www.sec.gov.
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https://my.shell.com/personal/nina_mojiri-azad_shell_com/Documents/Documents/www.shell.com/investors/news-and-filings/sec-filings.html
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Outline

- Motivation and roles of direct and indirect electrification in industrial decarbonization
- Characteristics of electrical loads across scales & challenges each present
- Case studies that highlight specific challenges associated with electrifying unit operations and utilities

- Research challenges and priorities for the process systems engineering community

Copyright Shell International Exploration & Production Inc. 19 June 2024



Some things change, while others remain the same
My view on evolution of process systems engineering in the era of decarbonization

- What is changing

- F: Feedstocks, Fuels, & Flexibility e L
fossil-free refineries

« |: Intricacies & Interconnection

- P: Pace, Parameters, Processes & Products

chemical_
engineering

- What is not changing

. S: Systems, Scales, Synthesis, Simulation, & Safety

- E: Economics & Efficiency

Digitizing CO; electrolyzers

Copyright Shell International Exploration & Production Inc. Volume 629 | 8011, 9 May 2024 [nature.com); Volume 1 | 5, May 2024 (nature.com) 19 June 2024 4


https://www.nature.com/nature/volumes/629/issues/8011
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Moving from today
to tomorrow
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Regional & sector energy uses preclude a “one size fits all” solution

Need for solutions that fit existing & future assets, through a transition

Primary energy demand by region and energy source, 2023

Exajoule
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b M Nuclear

and electric
renewables [B]

¢ [ Natural gas
d W Coal

e [l Oil

| | | |
37 164 84 141 43 97 68
Middle East China Other Asia-Pacific Americas India  Rest of world Europe

[A] Bioenergy includes traditional and modern uses of biomass in solid, liquid or gaseous form.
[B] Electric renewables include hydroelectricity, solar and wind.
Source: Shell analysis of IEA Extended Energy Balances (2023).
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Energy consumption in heavy industry
Exajoule
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[A] Includes heat.

[B] Consists of nuclear, renewables and oil.

[C] Includes liquid fossil fuels and bicenergy.

Source: Shell analysis of IEA's Extended Energy Balances (2023).
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https://www.shell.com/sustainability/our-climate-target/shell-energy-transition-strategy.html#iframe=L2VuZXJneS10cmFuc2l0aW9uLXN0cmF0ZWd5LzIwMjQv

Electricity as a new paradigm
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Chemical bonds make ener;?y transport & storage more

straightforward over long distances
This becomes a key tradeolft with efficiency

Cost of Various Energy Transmission methods over 1,000 miles
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https://www.cell.com/iscience/fulltext/S2589-0042(21)01466-8?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2589004221014668%3Fshowall%3Dtrue#secsectitle0225

Electricity in the industrial sector
Historically limited to processes at intersection of low-cost power, critical products & practical driving
forces

m 1870s Copper i Hydrogen i
m 1888 Aluminum I i Base Chemicals i
m 1892 Chlor Alkali | Specialty |

| Chemicals _;
m 1902 Air separation

What will this require?

Copyright Shell International Exploration & Production Inc. 4 October 2022



Electrical loads &
supply across scales

19 June 2024

10



Emerging electrical loads >100 MW
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Source: U.S. Oil Drillers Are Going Electric—if Thex Can Get the Electricity - WSJ;
Enverus Intelligence, 8 April 2024, “Electrifying the Permian”; S&P Global, 2023, https://doi.org/10.15530/urtec-2023-3859345; https://stand.earth/wp-
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https://www.wsj.com/business/energy-oil/oil-frackers-electric-power-grid-03f52767
https://doi.org/10.15530/urtec-2023-3859345
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https://www.canarymedia.com/articles/clean-industry/this-key-chemical-is-super-dirty-to-make-can-an-electric-furnace-help
https://www.eia.gov/todayinenergy/detail.php?id=38312
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Scaling energy technologies has historically taken time
How quickly the world adopts new energy technologies

EJ/year (electricity equivalent)
10

N

2 4 ) 8 10 12 14 16 18 20 22 24
Years after passing 1 EJ global supply

— LNG (from 1991) Nuclear (from 1973) — Solar (from 2016)
Wind (from 2009)
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Thinking about
electrified processes
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Electrification of Utilities, Unit Operations, and Process Lineups
Tradeoft between scale, complexity, timing, and decarbonization potential

Exogenous vs. endogenous emissions
Endothermic vs. exothermic units

Feasibility of other decarbonization levers

Known operational envelopes vs. emerging

process technologies
Replicability

Scalability
Speed of deployment

Copyright Shell International Exploration & Production Inc.

Feedstock

Feedstock

Feedstock

Unit 1 P|ant
Reactor Separations
Recycle
Unit 2
Fuel gas
Reactor Separations
Steam Gases Utilities
Power Water
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While flexibility has been part of chemical processes,
electrification adds a new dimension

Dimension of flexibility

Feedstock flexibility
The ability to handle
changing feedstock
without violating
product specification
or capacity.
Capacity flexibility
The ability to handle

changing feed quantities,

more specific feed flow
rates, without violating
product specification.

Product flexibility

The ability to produce changing
products or product qualities
within certain specifications
and capacity boundaries.

Operational flexibility

The ability to handle changes
regarding input or operational
parameters without compromising

feedstock, capacity or
product specifications.

Copyright Shell International Exploration & Production Inc.
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https://pubs.acs.org/doi/10.1021/acs.iecr.1c03874
https://pubs.acs.org/doi/10.1021/acs.iecr.1c03874
https://aiche.onlinelibrary.wiley.com/doi/epdf/10.1002/amp2.10063

Constituents of industrial flexibility range in number & size
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https://www.sciencedirect.com/science/article/pii/S1364032121012284?via%3Dihub#fig6

Shell electrification examples

Technology for a net-zero energy future | Shell Globadl

Shell and Dow start up e-cracking furnace experimental unit | Shell Global

Hydrogen | Shell Globadl
shell-energy-transition-strategy-2024.pdf

Copyright Shell International Exploration & Production Inc.
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https://www.shell.com/what-we-do/technology-and-innovation/technology-for-a-sustainable-energy-industry.html
https://www.shell.com/business-customers/chemicals/media-releases/2022-media-releases/shell-and-dow-start-up-e-cracking-furnace-experimental-unit.html
https://www.shell.com/what-we-do/hydrogen.html
https://www.shell.com/sustainability/our-climate-target/shell-energy-transition-strategy/_jcr_content/root/main/section/promo_copy_copy/links/item0.stream/1714564561778/e92220b7ea29d7000ffdb031c343b275181d5bdd/shell-energy-transition-strategy-2024.pdf

What will it take to
scale?

Challenges & Priorities
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Challenge #1: RD&D is happening at every scale in parallel for

new processes
Rapid learning, digitalization critical to incorporate and build on results
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107°m &go“
Q@é“\é o“"
i i £ & &
Catalysts Tailored catalyst properties *‘}5 r "Qoob*o oQé . c:,\"”"
7 > <L & & &
Alternative catalyst structures 10~ m & Q\“\b S X® s
Transport processes = Understanding of occurin
Hp droz namics Micro-structured reactors individ:allpﬁenomeun; ¢
v v Additional degrees of freedom
to adjust hydrodynamics Reliable and accurate models
Structured equipment
Validity of model parameters
Unit Operations Optimal design Optimal control Tailored measurement techniques
Design for flexibility Experimental validation
Tailored operation management
Tailored instrumentation
Plants Modular plants
Optimal dynamic control
. - Evaluation criteria
Plant Sites Decoupling by means of storage
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) ) ) . Challenges and Opportunities to Enhance Flexibility in Design and Operation of Chemical Processes - Riese - 2020 - Chemie
Copyright Shell International Exploration & Production Inc. Ingenieur Technik - Wiley Online Library 19 June 2024
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https://onlinelibrary.wiley.com/doi/10.1002/cite.202000057

Challenge #2: Diversity of processes and technologies requires
attention in many areas

hemical and refining production emissions under BAU and net zero scenarios!, MT CO,

In 2030, 35% (~100 MTPA) of emissions could be abated through
ﬁw d:carbonlzaﬂon a) measures that are economic, b) grid decarbonization, and ¢)
vers e demand reduction, but it would require implementation of these
B Demand reduction measures at >80% of the industry and significant acceleration in
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1. Deployable bio-processes that reduce lifecycle emissions of chemicals and refining products are not considered in the pathway to net zero

2. Technologies considered in pathway are in the deployable and demo categories. P ys may be updated with different developed technologies in future

3. Only CCS is considered in the net zero pathway, refer to Carbon Management Liftoff report for discussion of carbon utilization technologies

Source: EIA data for energy-related emissions, EPA national recycling strategy, White House — The Long-Term Strategy of the United States — Pathways o Net-Zero Greenhouse
Gas Emissions by 2050

Decarbonizing Chemicals and Refining - Pathways to Commerecial Liftoff (energy.gov); Challenges and Opportunities to Enhance
19 June 2024 20
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Challenge #3: Connections are becoming increasingly complex
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Challenge #3: Connections are becoming increasingly complex

Correspondence Between the Full and Reduced Scheduling Horizon
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Challenge #4: Cost and quality are joined by additional

objectives & constraints

- GHG intensity

- Broader LCA: water, air quality p
- Societal: resilience, environmental justice ',",
- Fixed vs. dynamic values of key attributes ',"
|
- Flexibility needed to help accommodate \
these - consistent definition or protocols \‘\\
for characterization needed X

Ingenieur Technik - Wiley Online Library; A systematic a
Journal of Advanced Manufacturing and Processing - Wiley Online Library

Evaluating the Flexibility of Future Chemical Processes | Industrial & E

Copyright Shell International Exploration & Production Inc.
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Final thoughts

Electrification is an increasingly attractive

decarbonization lever for the industrial sector. F: Feedstocks, Fuels, & Flexibility

I: Intricacies & Interconnection
Larger loads are complex, requiring additional de-

risking and decision support for investment. + P: Pace, Parameters, Processes & Products

. . L . S: Systems, Scales, Synthesis, Simulation, & Safety
|dentification & validation of additional benefits is a

key opportunity for new technologies . E: Economics & Efficiency

lllustrating a path of transformation can be very

powerful: how do we use and create tools to help?

Copyright Shell International Exploration & Production Inc. 19 June 2024 24
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