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Definitions & cautionary note

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.

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 and phrases such as “aim”, “ambition”, “‘anticipate’’, ‘believe’’, ‘‘could’’, “‘estimate’’, “expect’’, ’goals’’,
“intend”’, “'may’’, “milestones”, ‘‘objectives’’, “‘outlook”’, “plon" "“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 muterlcl"y 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, 2021 (available at www.shell.com/investor and . 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, May 26, 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.

’, .

Also, in this presentation we may refer to Shell’s “Net Carbon Footprint” or “Net Carbon Intensity”, which include 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 Footprint” or “Net Carbon Intensity” are for convenience only and not intended to suggest these emissions
are those of Shell plc or its subsidiaries.

’, P

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 Footprint (NCF) targets over the next ten years. However, Shell’s operating plans cannot reflect our 2050 net-zero emissions target and 2035 NCF 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.

This presentation may contain certain forward-looking non-GAAP measures. 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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About me
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‘ STEFANO MANIA @

» | SENIOR HEAT TRANSFER ENGINEER

m 18 years in the industry

m Global SME for FD furnaces and Burners

m Technical focal point for safe H2 firing

m API/ISO reviewer/member, currently working in:
m Development of the new standard ISO5133 “protective systems for Fired Heaters” replacing EN746
m Support for revision of the new edition of API560, API561, API1535 and API556

m | am ltalian (born and raised in the sunny Sicily island)

m | have two boys aged 12 and 11 years old

m | play the piano and practice Jujitsu martial art since | was a little kid

m | have recently started a new hobby enjoying fishing with my sons
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What is a Process Fired Heater

API560 defines a process heater as an equipment where heat,

liberated by the combustion of fuels is transferred to fluids
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What is a Process Burner

AP1535 defines a process burner as a device for the introduction of fuel and air into a heater at the desired velocities, turbulence, and air/fuel

ratio to establish and maintain ignition and stable combustion.
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How Fired Process Heaters work & Furnace Flooding Hazard

The process outlet temperature controls the amount
of fuel fired by the burners.
Lower temperature calls for more fuel and vice

versda.
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How Fired Process Heaters work & Furnace Flooding Hazard

If flame instability occurs, part of fuel is not fired and does
not transfer heat to the process coils anymore and the
unburned fuel accumulates in the firebox.

This produces a drop of the process outlet temperature,
and the control loop will respond by adding more fuel

worsening the situation.

This process, the increasing accumulation of unburned fuel

in the firebox is called “Furnace Flooding” (or Furnace

Bogging).

If not properly controlled and safeguarded, a furnace
flooding loop could escalate to serious process safety

incidents including furnace explosion.
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Furnace Control and Safeguard - Natural Draft Fired Heater

Typical Process Instrumentation and Protective Instrumentation Functions
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1. All SIS VO to be serially transmitted from the SIS
to the BPCS for monitoring and journalized
purposes.

2. Process instrumentation redundancy and voting
is not shown. and voting requil

Instrumentation, Control, and
Protective Systems for Gas Fired

Heaters

APl RECOMMENDED PRACTICE 556
SECOND EDITION, APRIL 2011

REAFFIRMED, APRIL 2019

energy,
[ |

AMERICAN PETROLEUM INSTITUTE

should be determined using the desired availability
testing frequency and reliability targets established
for the PIF.

3. Continuous emission monitoring (CEM)
analyzers are not shown. CEM analyzers are
provided as dictated by local permitting or regula-
tory requirements.

4. Pilot bumers shall be provided on each burner
unless stated otherwise by the owner.

Figure 2—Natural Draft Fired Heater—Fuel Side
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1. All SIS VO to be serially transmitted from the SIS to the
BPCS for itoring and j i

2. Process instr { i i and
voting is not shown. Requirements for these should be
determined using the desired availability testing frequency
and reliability targets established for the PIF.

3.C emission (CEM) are not
shown. CEM analyzers are provided as dictated by local
permitting or regulatory requirements.

4. All trip and alarm settings are to be defined by end user.

5. Optional minimum stop.

Figure 3—Natural Draft Fired Heater—Process Side
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Flame dimension requirements and flame definition to prevent tubes
overheating and flame impingement hazard

Fired Heaters for General Refinery

Service

API STANDARD 560
FIFTH EDITION, FEBRUARY 2016

energy,
1

AMERICAN PETROLEUM INSTITUTE

14 Burners and Auxiliary Equipment

141 Burners

1411 Bumer design, selection, spacing, location, installation, and operation shall ensure against flame
impingement on tubes, tube supports, and flame exiting the radiant section of the heater throughout the entire
operating range of the burners. The location and operation of bumers shall ensure complete combustion within the
radiant section of the heater.

14.1.2 Bumers shall be designed in accordance with all local and national statutes and regulations.

14.1.3 For burner clearances, the data given in Table 15 shall be used for natural-draft bumers and in Table 16 for
forced-draft bumers. The tables are based on low NO, burners that are designed to reduce the formation of NOy
below levels generated during normal combustion in conventional burners.

14.1.4 In addition to 14.1.3, the following shall apply.

a) The number and size of burners shall ensure that the visible flame length is a maximum of two-thirds of the radiant

Burners for Fired Heaters in
General Refinery Services

API RECOMMENDED PRACTICE 535
THIRD EDITION, MAY 2014

energy,
1

AMERICAN PETROLEUM INSTITUTE

12.6.6.2 Shape

Flame shape should be uniform, centered on the burner axis and with length and width within specified requirements.

Flame is the visually observable element of the combustion process. Flame dimensions should be recorded by visual

observation and referenced off known test heater dimensions. The purchaser should specify desired dimensions as
well as if there are minimum requirements. For example, both upper and lower limits for flame dimensions should be

specified. If CO probing is required as a secondary method of verifying flame dimensions, the CO level should be

determined ahead of time. It is generally considered that 99.99 % of the combustion reactions are complete at a CO

isosurface of 2000 ppmvd. Also, the CO recorded should be averaged over a time period as CO fluctuates greatly as

the measurement is being made in a turbulent environment.

The flame size (diameter or cross section and length), shape and intensity (color, luminosity and transparency) should

be recorded for each test point. The test furnace dimensions (length, width and height) should be recorded.

section height. For floor-fired heaters, the CO content at the bridge wall shall be a maximum of 40 ml/m3 (40 ppm,
by volume) for gas-fired heaters, or 80 ml/m3 (80 ppm, by volume) for oil-fired heaters, at maximum design firing
conditions.

b) For horizontal opposed firing, the minimum visible clearance between directly opposed firing flame tips shall be
1.2m (4 ft).

26 May 2023 9



Flame definition by CO probing

Probe is outside the flame and CO reading is “0”, or

at least less than 40ppmyv

Cco
0 ppmv

CcoO
1000 ppmv

Cco
2000 ppmv

CO probing through the

firebox at different

elevations recording the

penetration depth (£)
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Flame definition by CO probing

CO probing through the

Probe enter the external layer of the flame and CO . :
firebox at different

level raises up to 1000ppmv.

elevations recording the

penetration depth (f)

Cco
0 ppmv

CcoO
1000 ppmv

co
2000 ppmyv f

CO =1000 ppmv
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Flame definition by CO probing

The probe penetrates deeper and finally capture the
main flame. CO increases to 2000ppmv and this is
the boundary level where we generally consider
99.99% of the combustion reactions have
completed.

2000ppmy threshold is a “suggested” value by
AP1535 and there is full freedom for some user to
specify any lower levels of CO threshold to give

more margin to the design.

Cco
0 ppmv

CcoO
1000 ppmv

Cco
2000 ppmv

CO probing through the
firebox at different

elevations recording the

penetration depth (f)

CO =2000 ppmyv
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H2 flames do not produce CO ... so?

Industry and API already start discussing on how to define the H2 flame.

Possible solutions may be:
m O2 probing

m Heat Flux probing

m Validated CFD

m Etc ....

26 May 2023



Why H2 fuel is so special?

Natural Gas Typical Refinery Gas
Adiabatic Flame Temp *  (°C) 1700 1750
Laminar Flame Speed (cm/sec) 40 ~80
volume based LHY  (kcal/m3) 7475 9967

* AFT calculated with the same amount of excess air per each fuel

m H2 fuel pressure is higher than HC fuels at a given heat release

SAR (Stochiometric Air Requirement) of H2 is lower than any other HC fuel

Hydrogen
1885
312

2438

Lower fluegas mass flowrate (partial duty swap between Convection and Radiant Sections)

m H2 flames are more compact (higher peak HF, higher NOx and HF profile moves down)

m Under certain conditions, H2 flames are less visible by human eyes

26 May 2023



What does H2 rich fuel mean?
H2 concentration curve (H2/NG mixture)

100

m Non-linearity between vol% and wt% o
m 80vol% = 33wt% > 90%vol = 50wt% ° 1
m Most of the challenges and differences between e

hydrocarbon firing and H2 firing start showing-up § i

above 90vol% (50wt%) 20

10

vol% vs wt% of H2 in NG

20

40 60
vol % of H2 in NG

80
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How H2 flame looks like

26 May 2023



Burners for Fired Heaters in
General Refinery Services

NOXx emission with H2 fuel THIRD EDITION, MAY 2014
Pl

AMERICAN PETROLEUM INSTITUTE
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Figure 10—Effect of Hydrogen Content of Fuel Gas on NO, Emission
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Burners for Fired Heaters in
General Refinery Services

NOXx emission with H2 fuel THIRD EDITION, MAY 2014
Pl

AMERICAN PETROLEUM INSTITUTE
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Figure 10—Effect of Hydrogen Content of Fuel Gas on NO, Emission
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‘Dry’ flue gas
correcting for

Wet flue gas | water produced
by combustion
at 3 vol% O.
CH, H: CH. H:
firing firing firing firing
CO: (vol%) 8.1 0.0 8.4 0.0
0O: (vol%) 29 238 3.0 3.0
N2 (vol%) 71.6 66.6 74 1 70.5
H20 (vol%) 16.5 29.7 13.6 25.6
Ar (vol%) 0.9 0.8 0.9 0.8
Flue gas volume 0.3422 0.3078 | 0.3307 0.2907
(Nm?/ M Jy)
NOx load (ton/ y) 10.0 10.0 10.0 10.0
N Ox conc. (mg/ Nm?®) 46.3 51.5 47.9 54.6
N Ox emission 571 57.1 571 571

(gr/ MW h)

Flue gas volume (Nm3/MJ)

0,35

0,345

034

0,335

0,33

0,325

0,32

0,315

0,31
0,00%

How to properly compare (and report) NOx emissions
for HC and H2 firing

Flue gas volume and air in vs methane and hydrogen fuel mixture

10,00%

©

20,00%  30,00%  40,00%

50,00%

60,00%  70,00%

Hydrogen content (mass%)

Flue gas volume vs H2 content

Lineair (Flue gas volume vs H2 content)

O Airinvsduty

Lineair (Air in vs duty)

80,00%  90,00%
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Fuel transition and safeguarding

10
Propane Methane
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Ref: John Zink Hamworty Combustion Handbook
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Exercise 1

Retrofit to Ultra Low NOx burner technology




Exercise 1: Expected (calculated) vertical Radiant Heat Flux Profile
it cssumes same burner type, but
we nead ULNB to keep NOx low

FURDES model: RFG firing FURDES model: pure H2 firing in H2 firing
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Exercise 1: Burner retrofit to Ultra Low NOXx technology

Old burner (Conventional Burner)

-102146.00
Heat Flux Profile orras e
-93304.23
-88883.34
Heat Flux Details: -84462.46
" Maximum Recorded Heat Flux (KW/m2): 102.146 -80041.58
Average Heat Flux (kW/m2): 39.746 -75620.69
" Heat Flux Uniformity Index: 2.67 -71199.80
. 66778.92
62358.04
. -57937.15
-53516.27
-49095.38
¢ -44674.50
-40253.61
: -35832.73
-31411.84
: -26990.96
-22570.07
‘e » » » w w w -18149.19
AvrageHeat P /2] 13728.30

T M
Itk

3

-102146.00
-97725.12
-93304.23
-88883.34
-84482.46
-80041.58
7562069
-71199.80
-86778.92
-62358.04
-57937.15
53516.27
-49095.38
-44574.50
-40253.61
-35832.73
-31411.84
-26990.96
-22570.07
-18149.19
-13728.30

Contours of Total Surface Heat Flux (w/m2)

Feb 01,2017
ANSYS Fluent Release 17.0 (3d, pbns, spe, rke)

Contours of Total Surface Heat Flux (w/m2)

Feb 01,2017

ANSYS Fluent Release 17.0 (3d, pbns, spe, rke)

New burner (Ultra Low NOx Burner)

45378
Heat Flux Profile 445,08
436.38

427 67

" Heat Flux Details: 418.97
Maximum Recorded Heat Flux (kW/m2): 105.791 41026

2 Average Heal Flux (kWim2) 37.354 401.56
Heal Flux Uniformity Index 2.83 39285

38415

37545

366.74

358.04

34933

34083

331.92

32322

314.52

305.81

297.11

" n 288.40

I

|

'u.wIH‘ T

Aversge st s (m2) 279.70

-105791.00
-101033.65
-96276.32
-91518.98
-86761.64
-82004.30
-77246.96
-72489.62
-67732.28
-62974.94
-58217.60
-53460.26
-48702.92
-43945.58 \ i
-39188.24
-34430.90
-29673.56
-24916.22
-20158.88
-15401.54
-10644.20

Contours of Wall Temperature (c)

Feb 02, 2017
ANSYS Fluent Release 17.0 (3d, pbns, spe, tke)

Contours of Total Surface Heat Flux (w/m2)

Feb 02, 2017
ANSYS Fluent Release 17.0 (3d, pbns, spe, rke)

Copyright of Shell International B.V.
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Exercise 1: Burner retrofit to Ultra Low NOXx technology

HEAT FLUX AT TUBE

Back View

Wall Heat Flux
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Exercise 2

Retrofit of a Natural draft VC heater to H2 firing




Exercise 2: Furnace and burner layout

Heating Oil

Inlet Header \

y
N\
= Heating Oil P
3 Outlet Header
v
e
/’./;
s
1232+12+178=1422 mm ;’/ _—
Burners

-

CURRENT
CONFIGURATION

Stack

Stack Damper
Breeching

Convection
Section

Steel Shell\\

Refractory Lining™

Burner \

/ Air Injet
9

Plenum
Chamber

S o
A\ LA

Radiant
Section
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Exercise 2: Flame interaction

Burner spacing too small - flames
interact merging on top.

Burners spacing sufficient only to avoid
flame interaction but not to allow

fluegas recirculation

Proper burner spacing for ULNB's. No
flame interaction and sufficient space
for fluegas recirculation

Process
tube (typ.)

26 May 2023
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Exercise 2: The importance of proper burner spacing

Flames are too close, and the circle | Candle flames are properly spaced with
diameter is too small flames interact | right Circle diameter. The flames are slightly
merging into a big single flame curved to the centre.

Ref: John Zink Hamworty Combustion Handbook 26 May 2023
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Exercise 2: New burner layout

10 FD BURNERS

CURRENT
CONFIGURATION
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Exercise 2: Flame Iength calculation API560 requirement: flame length to not exceed 2/

of the firebox height

Stack Damper

et Haader
TOT firing duty 56 | mw 191.1 MMBTU/h \ Breeching
Flame length [mt] Max firing
H2 firing HC firing duty Canvection
#Burners ND FD ND FD MW per Burner

16 8.19 5.04 9.10 5.60 3.50 MW
15 8.74 5.38 9.71 5.97 3.73 MW
14 9.36 5.76 10.40 6.40 400 MW Jiastiog O
13 10.08 6.20 11.20 6.89 431 MW
12 10.92* 6.72 12.13* 7.47 467 MW 2% Reactory Lining
11 11.91* 7.33 13.24* 8.15 5.09 MW t '
10 13.10*  8.06 | 14.56*  8.96 560 MW - At
9 14.56* 896 | 16.18*  9.96 622 MW vl '
8 16.38%* 10.08 18.20* 11.20 7.00 MW 12 mt
7 18.72* 11.52 20.80* 12.80 8.00 MW
6 21.84%* 13.44 24.27%* 14.93 9.33 MW L J%

* firing duty not suitable for Natural Draft burner design (too high)

Burners

Plenum Radiant
Chamber Section
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Questions and Answers







