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Definitions & 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. Entities and unincorporated arrangements over
which Shell has joint control are generally referred to as “joint ventures” and “joint operations”, respectively. “Joint ventures” and “joint operations” are collectively referred to as “joint arrangements”. Entities over which Shell has significant
influence but neither control nor joint control are referred to as “associates”. 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
concerning 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
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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; (I} 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; 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, 2022 (available at www.shell.com/investor 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 forward-looking statement speaks only as of the date of this presentation, December 13, 2023.
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 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 and 2035 NClI target, as these targets are 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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Catalyst/adsorbent: inert “facilitator” or reactant?

Do you understand exactly what reactions happen during start-up?
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Explosion - Root Cause

o Exothermic reaction: Hydrocarbon +|copper chromite|catalyst > gas

CuCr,0O4or CuCrO; —» Crllor Crv
CuCrO, » v

o Investigation showed:
 Oxidic catalyst contained more Cr¥' components
o At 90°C (194°F): EB reacted with|copper chromate

* From 180°C (356°F): EB reacted with Copper oxide (Cu'"O)
* Not enough heat-sink

o Limited focus on transient conditions
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Explosion - main catalyst learning

o Tons of latent oxygen present in reactor
o Latent (reactive) oxygen from catalysts can react exothermally with a hydrocarbon

o Crucial to review the reactive hazards in both transient and steady state operations
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Reactor Internals: sprays

Gasflow through nozzles

Liquid flow
through holes

(1) Properly working nozzle
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Reactor Internals: sprays

Gasflow through nozzles

(1) Properly working nozzle
(2) Too low gasflow
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Liquid flow
through holes
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Could other systems have similar phenomena?
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Ignition Source

Explosion

Fuel
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Catalyst/Adsorbent Heat

O Metal Oxides

Example:
Hyd i t .
ydroprocessing reactor Exp|05|on

often contains

> 10 tons of oxygen

Hydrocarbon feed

Organic package on catalyst
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Examples:

O Liquid adsorption
O H, chemisorption
o Sulfiding/Reduction
O Poor heat removal

(e.g. Flow maldistribution)
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Catalyst/adsorbent: inert “facilitator” or reactant?
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Catalyst Trends

Debottlenecking existing assets

More activity Quick response to market

Energy Transition

Higher chance of more activity in all Understand exactly where catalyst risks are during

»
L

phases of start-up transient start-up phases
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Shell’s approach for improved focus on risks during transient phases of start-ups with catalysts and

adsorbents:

Catalyst Safety Assessment
(CSA)
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CSA focus

o Behaviour of catalyst/adsorbent in transient modes of operation

o Main focus: reactivity of metal oxide with hydrocarbons

o Other important aspects
» Adsorption of gases on catalyst
* Liquid heat of adsorption
* Release of gases from freshly loaded catalyst

* Enough heat sink

o Risk assessment based on Thermodynamics and/or calorimetric experiments
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CSA screening tool

o Gibbs energy and Enthalpy:
MO, + HC > M + CO, + H,O

o Flow regime:

liquid full/trickle phase/gas phase

o Metal oxide loading

o Calculation of maximum Pand T

if all metal oxides are converted
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Medium/High risk systems

O Negative AG & AH,

O Liquid full

O Trickle phase > 5% Metal oxides
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When to do a CSA?

oNew catalyst/adsorbent

o New application

i 8
N+ T .
O + 8H,———F ;O CH,C—CH, + H—H —Ni*+Temp_ CH3—(|3—CH3

H

o Change in catalyst composition/production
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CSA outcome

Unwanted reactivity of catalyst
as part of catalyst selection

s

Changes to reactor safeguarding
or reactor design
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le:
yst in hydrogenation function

13 december 2023
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CSA example: nickel catalyst in hydrogenation function

B
>

Liquid feed

o Catalyst in reactor
* >10% NiO on carrier H,

* Trickle phase reduction

CSA assessment
o Thermodynamic results NiO + HC >  Medium/High risk

* Potential for design pressure exceedance

v

o Conclusion: calorimetric tests are needed
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Experimental result: NiO catalyst + hydrocarbon + H,

100

Pressure [bara]
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Temperature [°C]

NiO, Ni, H, HC

A
+70 bar
CO, + CH,
................................. f ormqtion
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Experimental result: NiO Catalyst + Hydrocarbon + H,

AP

max, oxidic

Pressure [bara]

Temperature [°C]

T

max, reduction onset
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If trickle phase reduction, what is

safe reduction temperature?

Shell decided

T =T, por - 50°C

max, reduction onset
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Overview start-up Temperature diagram Nickel oxide catalyst

Reduction of NiO

Max AP/At

T

by Hydrocarbon

onset

H, Chemisorption

&

Preferred reduction
Temperature regime
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Wetting exotherm
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Processing biofeeds
to make fuels
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Stability certain bio-oils

Exotherms 320-390°C
Start exobar 320-350°C

Data given are indicative for certain triglycerides

Avoid hot spots in stagnant parts of the feed pre-heat train!
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Effect catalysts on reactivity bio-oils

Exotherms 320-390°C
Start exobar 320-350°C

Data given are indicative for certain triglycerides

o Catalysts lower the reactivity temperature

o Consider a non-reactive start-up feed
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220-300°C
220-360°C
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Summary

13 december 2023
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Summary

Catalyst/adsorbent can be a reactant!

o Focus on transient conditions for catalysts/adsorbents
e Start-up is crucial:
Catalyst in reactive state + transient operating conditions = increased risk

* Metal oxides can be oxidizing agents for hydrocarbons
o Which reactions happen at which temperature during start-up?
o Take proper mitigation against exothermicity of bio-oils

o Shell’s Catalyst Safety Assessment is a process that helps make catalyst/adsorbent start-ups safer.
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Contact:

Willem Groendijk
Shell Globadl Soﬂutions International B.V.

CSA@Shell.com
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