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DEFINITIONS & CAUTIONARY NOTE

Reserves: Our use of the term “reserves” in this presentation means SEC proved oil and gas reserves.

Resources: Our use of the term “resources” in this presentation includes quantities of oil and gas not yet classified as SEC proved oil and gas reserves. Resources are consistent with the Society of Petroleum Engineers 2P and 2C definitions.

Organic: Our use of the term Organic includes SEC proved oil and gas reserves excluding changes resulting from acquisitions, divestments and year-average pricing impact.

Shales: Our use of the term ‘shales’ refers to tight, shale and coal bed methane oil and gas acreage.

The companies in which Royal Dutch Shell plc directly and indirectly owns investments are separate entities. In this document “Shell”, “Shell group” and “Royal Dutch Shell” are sometimes used for convenience where references are made to Royal Dutch Shell plc
and its subsidiaries in general. Likewise, the words “we”, “us” and “our” are also used to refer to subsidiaries in general or to those who work for them. These expressions are also used where no useful purpose is served by identifying the particular company or
companies. “Subsidiaries”, “Shell subsidiaries” and “Shell companies” as used in this document refer to companies over which Royal Dutch Shell plc either directly or indirectly has control. Companies over which Shell has joint control are generally referred to as
“joint ventures” and companies 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 a
venture, partnership or company, after exclusion of all third-party interest.

This presentation contains forward-looking statements concerning the financial condition, results of operations and businesses of Royal Dutch 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 Royal Dutch 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 “anticipate”, “believe”, “could”, “estimate”, “expect”, “intend”, “may”, “plan”, “objectives”, “outlook”, “probably”,
“project”, “will”, “seek”, “target”, “risks”, “goals”, “should” and similar terms and phrases. There are a number of factors that could affect the future operations of Royal Dutch 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, fiscal and regulatory developments including potential litigation and regulatory measures as a result of climate changes; (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; and (m) changes in trading conditions. 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 factors that may affect future results are contained in Royal Dutch Shell’s 20-F for the year ended 31 December, 2019 (available at www.shell.com/investor and www.sec.gov ). These factors also should be considered by
the reader. Each forward-looking statement speaks only as of the date of this presentation, 21 September 2020. Neither Royal Dutch Shell 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. There can be no assurance that dividend payments
will match or exceed those set out in this presentation in the future, or that they will be made at all.

We use certain terms in this presentation, such as discovery potential, that the United States Securities and Exchange Commission (SEC) guidelines strictly prohibit us from including in filings with the SEC. U.S. 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. You can also obtain this form from the SEC by calling 1-800-SEC-0330.
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Outline

m Critical Gas Saturation and Gas Mobility (SCA 2019-021)
- gas mobility below percolation threshold
- possible mechanisms
m General case: mobility of non-wetting phase without (permanent) connectivity
- the relative permeability concept — traditionally: only connected phases are mobile
- observations by beamline based uCT: mobility without permanent connectivity
- snap-off during drainage
- infermittency (showing examples from Imperial College)
- ganglion dynamics and impact on fluid topology / connectivity

- discontinuous displacement events and energy dissipation
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SCA 2019-021: Critical Gas Saturation and Gas Mobility

P > Pgp P~ Pgp P < Pgp

/\/\

Producing oil Producing mainly oil Producing mainly gas

At which gas saturation does the gas become mobile 2
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Ying Gao, Niels Brussee, Ab Coorn, Hilbert van der Linde
Micro-CT Pressure Depletion & Flow Experiments

Flow Setup Micro-CT
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Ying Gao, Niels Brussee, Ab Coorn, Hilbert van der Linde
Pressure Depletion Experiments: Gas Nucleation and Connection

Observation of bubble point in porous medium depressed

supersaturation = nucleation = gas bubbles

WITHDRAWAL RATE = 0.005 cm?/min. (7.2 cm3/day)
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Rapid pressure drawdown into super-saturation
- nucleate gas bubbles

Immediate re-pressurization above bubble point
- keep bubbles disconnected

Slow pressure decline = grow gas bubbles

drawdown —>
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Volume expansion / mL



Bubble Point Depression also for Single-Components ¥

Pressure (bar)

10.5

N-propane

10.4 bar

10.6 bar

Pump volume (mL)
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+ 10 bar

10.87 bar Theoretical bubble point @ 30C

Bubble nucleation —f

gas

m At bubble point: no nucleation (same
as propane-decane mixture)

m Observation of bubble point depleted

m Gas coming out of solution, displacing

all liquid from pores




Ying Gao, Niels Brussee, Ab Coorn, Hilbert van der Linde
Depletion: Gas Connectivity Consistent with 3D Percolation Threshold
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Ying Gao, Niels Brussee, Ab Coorn, Hilbert van der Linde

Injection of Gas Near Bubble Point

Copyright of Shell Glc
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Exp.1_krg
Exp.1_repeat_krg

Gas Mobility Below Percolation Threshold
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Ying Gao, Jesse Dietderich, Omer Alpak
Gas Mobility Below Percolation Threshold: Possible Mechanism

Peclet number pe = L
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Phase-field + PVT modelling
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Evidence: Pore Level Occupancy - Different than w/o Displacements

Propane-decane pressure depletion experiment Water-oil imbibition experiment in Gildehauser sandstone

q TR

<— Break up

O

- coalescence

— Liquid
Observation:
Pores bodies filled with

either 100% gas
or 100% liquid

Oil and water co-exist in pore space to a larger extent

August 2020

Relevance of (anti-) ripening 2 (Ke Xu et al. PRL 2017, GRL 2019)



Gas Moblllty Below Percolation Threshold Consistent with Literature!
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2-Phase Darcy Implicitly Assumes Connected Pathway Flow

Single-Phase Two-Phase
water water, oil Phenomenological

K dp K dp, extension of Darcy’s law
- (. -VDarcy == . . V. = _kr . —L Richards, Leverett,
y2i dx 7 dx R. Wyckoff and H. Botset

I q . M. Muskat and M. Meres,
X ! :
Darcy’s law K., Capillary pressure 0=, D,
U Viscosity A :
P pressure | 3
|3 Er;
o n : O
=
: . : | o
Viscous law (similar to pipe ol - L
. S \ | scanning
flow) can be derived from water 3 " eurve i
upscaling Stokes flow at pore £ —_mbibition }
scale by homogenization O —water saturation >
i 1
S.,
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Assumption: Connected Pathway Flow - Brooks-Corey Model
ry

m Building on Burdine equations — Capillary Tubes

Implicit assumption:
connected pathway flow

in parallel capillaries

kpgv‘ dh |
n \dz)

m Capillary pressure and relative permeability with &2

1-5,,\"" A related to pore size distribution
Pc = Pct\ e <
So — So,r

AN

2+32 2 2+4
Sw—Swc\ 4 k. = kO 1—S0r—Sw 1— Sw = Swe) *
kr,w - 1_—SW,C o "\1- SO,T — SW,C 1-— SW,C
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Maija Riicker

Water-wet - Intermittent Connectivity: Snap-Off During Drainage

m Until frame #8 no permanent connectivity

m snap-off in pore throat: free-energy LBM simulation

sintered glass (Robuglas), At~42 s, continuous scanning

SCA2013-011

Roof, 1970
Armstrong et al. 2016
Alpak et al. 2019
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Ying Gao (Imperial College)
Intermittency at “High” Capillary Numbers
- Armstrong et al. GRL, 2014

Connection-disconnection at pore scale Cgeluster 1
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- Intermittency can lead to non-Darcy flow

Y. Gao et al. Phys. Rev. Fluids 2020
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Maija Riicker Disconnected phases

Snap-off + Coalescence = Ganglion Dynamics can be mobilel
Ricker et al. GRL 20~ ~

Strongly water-wet

)@= ) T

meniscus
oscillation

shap-off

Oilffilling event “ Reconnection
Disconnection covering a pore body

Time: 17 min

Time: 16 min

D @ e, @G

" Ruicker et al. Geophy;|c0| Research Letters 46(6), 3225-3234, 2019. Weﬁdbilify - presentation Sam Krevor




Maija Riicker

Ganglion Dynamics Occurs Over Wide Saturation Range

Oll SCI"UI'CIﬁOﬂ durlng |m|o|b|hon SCA2014-022
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<
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Ganglion Dynamics Impacts Connectivity
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Free-Energy LBM correctly predicts connectivity !

a Alpak et al., ADWR 2018
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relative permeability

Mixed-Wet: Ganglion Dynamics Contributes To Flux

Water-wet: mainly connected pathway flow

Connected pathway kr computed from micro-CT fluid pathways
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Mixed-wet: ganglion dynamics contributes to flux

1 Zhou et al. WRR 2017
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For non-water wet situations the connected pathway relative permeability over-estimates the true relative permeability
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Ryan T. Armstrong, James McClure UNSW N7/

SYDNEY VIRGINIA TECH

LBM Simulation: Mixed-Wettability Causes Disconnected Clusters

SCA2019 - Short Course
., Mixed-Wet > more
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Maja Ricker, SCA2015-007

Non-thermal Fluctuations in SCAL: Intermittent Connectivity

| ofactional flow K d flow Changing  Ganglion dynamlcs Connected pathway flow
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Maja Ricker, SCA2015-007

Non-thermal Fluctuations in SCAL: Intermittent Connectivity

| dfyactional flow K d lowg Changing  Ganglion dynamlcs Connected pathway flow
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Intermittency Mediated by Drainage Snap-Off ?
2 Imperial College

» London | BM Simulation — Takashi Akai, Catherine Spurin Bubble snop- off
Time: 0.480 sec | - —

fluids

outlet

Copyright of Shell Global Solutions International B.V. | Unsol MGSOH MOI’I’W ho"
Ruth, Langmuir 2009 Bartels et al. SCA2017-00



Imperial College
4&lp London Catherine Spurin

N, Injection into Brine - Intermittency

N, — brine co-injection (fractional flow f,, = 0.85 at capillary number Ca = 1.6 - 1077)

Cram mumbae 1

Copyright of Shell Global Solutions International B.V.
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58 Imperial College

\:«%W&; London

N, Injection into Brine - Non-equilibrium Effects
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Spurin et al., under review



58 Imperial College

Catherine Spurin i London

N, Injection into Brine - Intermittency

u ”steady-sfa’re" = intermittent fluctuations
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Discontinuous Events and Energy Dissipation

Drainage experiment (PNAS 201 3)
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increasing meniscus
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Discontinuous Events and Energy Dissipation

Drainage experiment (PNAS 201 3)
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Hypothetical connected pathway flow without discontinuous events
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Summary & Conclusions

m Mobility of gas
- literature: gas mobility significantly below percolation threshold
- in depletion experiments (quasi-static): connectivity ~ percolation threshold of 3D lattice
- injection: at low rate mobility without permanent connectivity
- relative permeability process dependent (depletion vs. flow)
- possible mechanism: diffusion dominated transport (Pe<<1) + PVT 2
m 2-Phase flow in porous media: nw-phase mobility without connectivity
- many cases already documented in literature: snap-off during drainage, ganglion dynamics
- in mixed-wet rock: more ganglion dynamics, contribution to flux
- intermittent flow: Fast synchrotron based uCT flow experiments
- energy dissipation: 2-phase Darcy = mass + momentum balance, but not energy balance

- universal principle governing pore scale fluid distribution: minimization of dissipation 2
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Questions and Answers







