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Definitions & cautionary note

The companies in which Royal Dutch Shell plc directly and indirectly owns investments are separate legal entities. In this presentation “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
presentation refer to companies over which Royal Dutch Shell plc either directly or indirectly has control. Entities and unincorporated arrangements over which Shell has joint control are generally referred to
“joint ventures” and “joint operations” respectively. 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 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”’, “‘goals”, “/intend”, “‘may’’, “‘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 Royal Dutch Shell and
could cause those results to differ materially from those expressed in the forward-looking statements included in this [report], 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; () 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 fo international sanctions; (j) legislative, 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; and (m) 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 Royal Dutch Shell’s 20-F for the year ended December 31, 2019 (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, 16 April 2020. Neither Royal Dutch 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. This
presentation may contain references to Shell's website. These references are for the readers’ convenience only. Shell is not incorporating by reference any information posted on www.shell.com. We may have
used certain terms, such as resources, in this presentation that United States Securities and Exchange Commission (SEC) strictly prohibits us from including in our 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.

|//

Copyright of Shell International Exploration & Production Inc. 2



Energy outlook
Changes in consumer patterns drive a shift in the primary energy mix

Global end-use energy consumption

Exajoules

7 Solid I (1 .l“

600
Gaseous J%

500

400

300

Liquid Ry N oo

200

100

0

1960 1980 2000 2020 2040 2060 2080 2100

More people More prosperity Lower carbon

Copyright of Shell Infernational Exploration & Production Inc.



Electricity: high quality energy

Significant reduction in primary energy demand to deliver equivalent services
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Shell business overview

m Sales and marketing
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Supply and
distribution

Manufacturing and energy production

Refining oil into
fuels and lubricants
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Global perspective

Chemicals value chains

Feedstocks Base chemicals Intermediates Performance Converter End product
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Source: Chemicals investor briefing October 13, 2017 _ _
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Shell and the
integrated
power system

Investments and acquisitions

Limejump, UK, 2019

sonnen, Germany, 2019

Greenlots, USA, 2019

First Utility, UK, 2018 (Shell Energy Retail)
Gl Energy, USA, 2018

Borssele 3 and 4, Netherlands, 2018
Silicon Ranch, USA, 2018

Cleantech Solar, Singapore, 2018
NewMotion, UK and Europe, 2017
Shell Recharge, UK, 2017

MP2 Energy, USA, 2017
WonderBill, UK, 2015

Energy Offtake

Energy Shell buys from
third parties, including
from solar, wind, hydro
and gas power facilities

Shell energy production
Electricity produced by Shell
operated and non-operated
solar parks and wind farms

Solar power

Energy Storage

Surplus energy storage
solutions such as grid
battery storage
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Distributed energy
Residual energy
generated by customers

flows back to the grid

Distribution
Local distribution that
carries low-voltage
electricity o customers.

Transmission networks
Transports electricity over distances.

Copyright of Shell International Exploration & Production Inc.



The grid requires flexibility of different types at different timescales

Manufacturing processes have analogous planning, scheduling, optimization, & control timescales

) Generation and Long to mid-term ci
Operational - : ! : Intraday . Eia.lan ¢ing .
: transmission capacity scheduling _ . =15 minutes or/and
fimescale (during the day) ' R
(years before) (seasonal & weekly) real ime)

Maintain system
MNeed for flexibility MNeed for flexibility to . frequency in realtime -
Flexibility - Load following to meet - N
adequacy planning - address seasonal - . remediate frequency
ced - . sub-hourly demand in R
needas to prepare for exireme behavior of variable - deviations caused by
) real-time. o
events. generation & demand. forecasting errors and
contingency events
Demand Annual demand Daily/hourly demand Sub-hourly demand Demand per minute/
\/\,\/\,\/\/\ second
=T el N, M M \
’r Variable supphfhh—“ Vanable supply
b seasonal pattern

IRENA defines flexibility as “the capability of a power system to cope with the variability and uncertainty that solar and wind
energy introduce at different time scales, from the very short to the long term, minimising curtailment of power from these variable
renewable energy (VRE) sources and reliably supplying all customer energy demand” (IRENA, 2018a).
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Source: Bloomberg NEF, NREL. IRENA (2019), Demand-side flexibility for power sector transformation, International Renewable Energy Agency, Abu Dhabi..



Flexibility can be provided in multiple ways by multiple sources

Conceptual representation of today:

power sector only

Short-term
storage

Curtail

Cost

Current
generation fleet

RD:;’;;’:S (esp. gas &
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Contribution to grid flexibility by individual source (total
energy)
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Potential future: Sector Coupling

Power-to- powe\
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Source: Appunn K., “Sector coupling — Shaping an integrated renewable energy system”, Clean Energy Wire, 25 April 2018. IRENA (2019), Demand-side flexibility for power sector transformation; Shell analysis



RESEARCH & DEVELOPMENT

Shell’s Approach: R&D Examples of Stationary Energy Storage

Using storage at multiple scales for flexibility

Wind Integration in West Texas

m  Observed performance of MW-scale wind

+ lithium-ion battery for key applications

m  Multiple applications of storage are
technically feasible, which enables
increased revenue capture and improved
economics
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Microgrid at Shell

Technology Center Houston

Commercial & industrial scale
Solar PV, batteries, gas
generator, and load bank

Coupled to building loads

EcoGenie House (The Hague, NL)

m  “Living Laboratory” at residential scale

m  Low-carbon electricity and heating technologies
m  Solar PV (rooftop), energy storage (batteries

& thermal), heat pumps, boilers



Industrial electrification is not new
but the paradigms for future processes could be

“Industrial Electr if ication & New Price declines for electricity begin to close historical gap
Technology” (Epri, 1983) ; among fuels on an "MMBTU basis

1. Leslie Harry 9.500
’ 0.400 | posp

Electric Power Research Institute \.\
Palo Alto, California 0.300 . 3 1) 2010

—
2010 ..
\ \
ABSTRACT 0200
Offshore wind &} o
Today, 1'd like to discuss the subjects of industrial electrification and 0.150 v — o :
new technology 1 hope, that by the end of my presentation, you will have ® O 017 Fossil fuel

answers to the'foﬂowing questions of: \ \ cost range
0.100 E— 2017
What is Industrial Electrification?

S

2010 \

Why is it of significance or value? 0.070 O 2020 02020 © 7\..~.~"~\
O\

Based on IRENA

2018

Where and how is it being utilized? 0.050 ‘21020
What are its economic implications?, and 0.040 2020
What is the status of US/EPRI activities? ;I;
ElectrFication might be of particular significance to the Widdle Exstern 1,000 2,000 5,000 10,000 20,000 50,000 100k 200k 500k Tmin
countries. Cumulative deployment (MW)
KEYWORDS
Electrification, new technology, industrial electrification, fuel Cost curves are based on global weighted averages. Fossil fuel-fired power generation costs are shown for G20 countries in 2017 and vary between USD 0.05 and USD 0.17/kWh.

switching, electric steelmaking, primary energy source,

— Notional power cost thresholds for large-scale electrification

Industrial electrification implies substitution of electricity as the Cement $25 50/MWh

primary energy source in an industrial process, This concept sounds
relatively simple, particularly in light of the economic reality of the
value of petroleum when defined as a “scarce resource". However, why would S‘I'ee V|G H ° 25-40 MW
someone, rather some company or industry, want to substitute electricity -- 2 M
which now costs industrial customers about $15 per million Btu -- for oil
(costing $8) or gas (at about $4)? Well, the answer to this paradox -- and Ei-h Ieneo $] 5_$25/MWh
the reason why electrification of industry is fast becoming a concept of y .
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Sources: https://doi.org/10.1016/B978-0-08-031141-8.50020-3; Mission Possible, ETC, Nov 2018; McKinsey 2018, Decarbonization of industrial sectors: the next frontier



https://doi.org/10.1016/B978-0-08-031141-8.50020-3

Economics: U.S. levelized costs of electricity

(unsubsidized for new build, 2H 2019)

$/MWh (nominal)

500
450
400
350
300
250
200
150
100 59 57 61 76 76
50 - -
0 26 36 40 38 38
Onshore Tracking PV Non-tracking Large hydro  CCGT
wind PV

108 112
“2 R
52 39

444
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T 272

?, ;/f } 185 251
T 171

:::::
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57

CHP Onshore Non-tracking Demand OCGT
wind + PV +
storage storage

Utility-scale  Pumped
battery (4h) hydro

Source: BloombergNEF. Note: The LCOE range represents a range of costs and capacity factors. Battery storage systems (co-located and stand-alone) presented here have

four-hour storage. In the case of solar- and wind-plus-battery systems, the range is a combination of capacity factors and size of the battery relative to the power generating

asset (25% to 100% of total installed capacity). All LCOE calculations are unsubsidized. Categorization of technologies is based on their primary use case.
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Average electricity rates by country

Industrial power prices Residential power prices
$/MWh (nominal) cents/kWh (nominal)
250 45
40
200 German 35
; Y 30
= |ndia
20
100 — - = China 15
50— - ~——— Mexico 10— ——— — ——
- Canada 5
0 — S 0
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Source: BloombergNEF, government sources (EIA for the U.S.) Notes: Prices are averages (and in most cases, weighted averages) across all regions within the

country. Japanese data is for the C&I segment and 2016 figures come from a different source than preceding years.
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Solar energy
Flectrons could become the lowest cost energy

Electricity is moving from being one of the most expensive energy
carriers fo that with lowest cost, with solar generation offering

highest energy utilization and smallest footprint.

Electrons
Photons
TO END-USER
m Power
ko
TO END-USER - E°°.'”9/C :
m Highest energy utilization ' ® Reating/Coo 'Y
m Lowest production costs = Heating m Personal mobility
m Smallest production footprint = Lighting m Rail

Copyright of Shell Infernational Exploration & Production Inc.

m Highest product utility
m Lowest handling costs
m Most compact use

Hydrogen

TO END-USER

m Personal mobility
m Heavy transport
®m Industrial heat

m Power

® Rail

m Cooking

m Heating/Cooling

Hydrocarbons



Today’s Energy Mix

Current Global Energy Demand

Energy Consumption by Sector and Consumer Trends

e

30%

ftalnie

96%

Bl B

27%

Biomass
10% g of domestic and of transport of industry
commercial demand is is fuelled by runs on gas
still met by traditional biomass liquid fuels
W Renewables 4% A— energy
ELECTRICITY GENERATION DOMESTIC & COMMERCIAL TRANSPORT INDUSTRY
5% 2% 59 A% 3% 1% 5% 4%
11% . 6% o 27%
0% 18% 30% 20%
0% of total final -
energy consumption
gy o p ) 96% 22% 22%
2% is electricity 29%
Ql ™ Coal M Gas M Biomass Nuclear @ Renewables (including hydro) ™ Electricity Heat M Liquid fuels (including biofuels)

Source: International Energy Agency, World Energy Outlook
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Electrification lags in transportation & industry
Sector diversity requires multiple technology options to increase electrification

Sources:

% of Total 2015 Primary Energy Consumption

100%

75%

50%

25%

0%

US energy use by sector

Transportation
28 Quads Total
0 Quads Electricity

Other

Commercial Light Trucks

Industrial
31 Quads Total
10 Quads Electricity

Other
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Electrification Futures Study: End-Use Electric Technology Cost and Performance Projections through 2050. NREL/TP-6A20-70485; BNEF, .

Residential
21 Quads Total
14 Quads Electricity

Commercial
18 Quads Total
14 Quads Electricity

Other

Water Heati

Non-Electricity

Electricity

Global fuel mix — industrial sector

Difficult to switch

Iron and steel fuel mix, 2016

0% 25%  50%  75%  100%
Chemicals fuel mix, 2016

0% 25% 50% 75%  100%

Cement fuel mix, 2016

0% 25% 50% 75% 100%

Food and tobacco fuel mix, 2016

0% 25% 50% 75% 100%

Aluminum fuel mix, 2016

0% 25% 50% 75%  100%

Pulp and paper fuel mix, 2016

0% 25% 50% 75%  100%

Source: |IEA Energy Balances, BloobergNEF

Easier to switch

= Coal

u Oil

Gas

Electricity

® Heat

= Renewables



Electricity in the industrial sector

m 1892 Chlor Alkali
m 1888 Aluminum
m 1902 Air separation
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""" Specialty |

Chemicals

What will this require?



Process heating needs for industrial applications
Electritying heat could be a significant lever

Heat requirements by sub-sector Temperafure requirements by process
Biomass Electricity H2
) ) 2900 2,200
Iron and steel fuel mix, 2016 Cement fuel mix, 2016 2,100
0%  25%  50%  75%  100% 0%  25%  50%  75%  100% 1600 - - - - Comentindiect . _ _ _ ________-____
Chemicals fuel mix, 2016 Aluminum fuel mix, 2016 1600 . Gass [N == =02
| | . NSt AR &
o 1400
0% 25% 50% 75% 100% 0% 25% 50% 75% 100% g 1000 - — _SteelBlastFumace _ [N ~ _ _ _ _ _ _ _ _______ _
®
Food and tobacco fuel mix, 2016 Pulp and paper fuel mix, 2016 S 000
- - 2 Steam Methane
800 - — _ _eforming (SMR) _
0% 25%  50%  75%  100% 0% 25%  50%  75%  100% 00 . Tupical Steam Turbine _
. Ammonia Systhesis (HB) _
[ ] High (>500°C) 400
- _ _ Methanol (Syngas) _
B Medium (200-500°C) 0. Paper & Pulp _
Low (<200°C) .

Biodiesel Wood chips
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Sources: European Commission, IEA Energy Balances, BloombergNEF; McKinsey 2018, Decarbonization of industrial sectors: the next frontier; Mission Possible, ETC, Nov 2018



What innovations are needed to make this reality?
Range of temperatures needed provides options for technologies

Step changes highlighted for improvements

for industrial applications

Cheaper and more efficlen-

Electric furnaces for cement
and chemicals

ELECTRIFICATION

Electrochemical reduction of iron
for steel production

BIOCHEMISTRY AND SYNTHETIC CHEMISTRY

Increased efficiency in bio
transformation

Bioenergy and bio-feedsto
lignocellulosic sources and

Synthetic chemistry, including
direct air capture of COz2
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Potential technologies being evaluated

ELECTRIC ARC HEATING

Electrodes

Arc

DIRECT RESISTANCE HEATING

DC supply

Negative
electrode

Positive
electrode

Charge

Sources: ICEF Industrial Heat Decarbonization Roadmap, Oct 2019; Friedmann et al., Low Carbon Heat Solutions for Heavy Industry, Oct 2019

INDUCTION HEATING DIELECTRIC HEATING

Dielectric material
(product)
Current in coil
Induced current
in part
Radio frequency Metal
generator electrode

ELECTRON BEAM HEATING

Electron
gun

-l
Alignement coil
Beam ‘ ‘
Focus coil &
defection coil
|

Work piece



Moving toward synthetic dense energy carriers
Significant role for electrified process technologies

EN
15940
Setion ‘: !ﬁﬁ Gasolin
cO
D

WGS

Reverse !

Wind, Solar PV

= i
&Zs:ill‘lcﬁon

Water
Electrolysis
INTER-
PRIMARY ENERGY AND FEEDS INTERMEDIATE REACTANTS & STORAGE CHEMICAL SYNTHESIS MEDIATES UPGRADING FINAL PRODUCTS
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Hydrogen as an example of flexible demand
Continued improvement in technologies & service provision needed to realize opportunities

Load range 15-100 % nominal load

Start-up (warm - cold) 1-10 minutes
Ramp-up / ramp-down 0.2-20 %/second

Electrolyzer Duration

**Electrolyzer data

for small (~40kW)
PEM and Alkaline
units
Electrolyzer Shutdown Time ™ Response Time
T
T r T m Duration
| ]

Requirement

[y

Electrolyzer Response Time

Response Time and Duration (min)

0.1
Regulation Load-following Spinning  Non-Spinning Replacement /
or FastEnergy  Reserve Reserve Supplemental
Markets Reserve

Copyright of Shell Infernational Exploration & Production Inc.
Sources: IRENA (2018), Hydrogen from renewable power: Technology outlook for the energy transition; NREL/TP-5400-61758, Sept 2014.

0-160 % nominal load

1 second-5 minutes
100 %/second

Seconds

Observations from NREL study
» PEM response is faster than
alkaline
+ Ramp up is faster than ramp down
- Both are sufficiently fast to comply
with market requirements at the
time of the study

Data on the impacts of cycling the equipment
remains quite limited

June 2018 21



Resilience in integrated systems: flexible, operable, and controllable
Concepts are similar in chemical processes & electrical systems

Computers & Chemical Engineering Vol. 7, No. 4, pp. 423-437, 1981 0098-1354/83  $3.00 + .00
Pergam:

Printed in Great Britain

on Press Lid.

FLEXIBILITY AND RESILIERCY OF PROCESS SYSTEMS

Manfred Morari

Chemical Engineering
University of Wiscons
Madison, WI 53706 USA

Abstract. Because ch
conditiofis or at a st
flexibility, operabil
available techniques
are identified.

PREFACE

"The task of developing a tech
is well matched to human abili
fosters skills and makes it mo
seems to me the most important
ing challenge which faces engl

H. H. Ros

In this paper we will be conce
design of chemical processes a
systems with particular emphas
early phases usually referred
"synthesis".

Evolution of Concepts and Models for
Quantifying Resiliency and Flexibility of
Chemical Processes

Ignacio E. Grossmann®, Bruno A. Calfa, Pablo Garcia-Herreros
Department of Chemical Engineering, Carnegie Mellon University,
Pittsburgh, PA 15123, United States

Dedicated to Manfred Morari for his pioneering and inspiring research work thai
has produced major advances in process systems engineering.

Rev. Dec. 2013
Abstract

This paper provides a historical perspective and an overview of the pioneering work th:
Manfred Morari developed in the area of resiliency for chemical processes. Motivated by uniqu
counter-intuitive examples, we present a review of the early mathematical formulations an
solution methods developed by Grossmann and co-workers for quantifying Static Resilienc
(Flexibility). We also give a brief overview of some of the seminal ideas by Manfred Morari an
co-workers in the area of Dynamic Resiliency. Finally, we provide a review of some of th
recent developments that have taken place since that early work.
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Sources: DOI 10.1002/aic.15221; https://doi.org/10.1016/].energy.2019.05.009; https://doi.org/10.1016/0098-1354(83)80021-0

A

Theoretical Potential:
The absolute maximum
potential suitable for DR. ' Technical Potential: Derives from
the theoretical DR potential by taking
@ into account technical restrictions.

Capacity (GW)
Overall Installed
Capacity
Theoretical Potential

Technical Potential
Economical Potential

Economical Potential: Comprises the
@ overall consumers’ potential which is
— supposed to be cost-effective.
= Achievable Potential:  This

subset takes into account the
level of acceptance of load
interventions by the consumers.

®

Achievable Potential
(MAP and RAP)

Types of Potential

-

For successful DSM in the chemical industry, product storage is
nearly always required to maintain these critical characteristics

22
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A more detailed view at sector coupling
Incorporating flexibility & resilience throughout will be key to overall operability

Role of direct
electrification

Role of electricity-based fuels

Hydrogen Ammonia Ogm

Synfuels

Cement

>
i
n
=
Lo
=

Plastics

Transport

Aviation

Building heating

Electricity system

Source: SYSTEMIQ analysis for the Energy Transitions Commission (2018)

Copyright of Shell International Exploration & Production Inc.
Sources: Mission Possible, ETC, Nov 2018
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Closing thoughts

Growth in renewable electricity presents many opportunities

alongside new research needs.

+  The chemical process industry has a unique opportunity to
incorporate deep knowledge of systems design, optimization,

and control into the broader energy system.

+ Electrification, electrochemical energy conversion, & multiple
forms of storage have the potential to play key roles in future

products, processes, and services.

» Thank you for your attention!
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