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“Energy use and economic development are inseparable. Where there is energy poverty,
there is poverty. And where energy availability rises, living standards rise...”

ExxonMobil World Energy Outlook 2022



Sustainability

“Sustainable development is development that meets the needs of
the present without compromising the ability of future generations
to meet their own needs.”

Brundtland Report ("Our Common Future”) - 1987
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CO, Emissions

*Latest CO, reading: 418.00 ppm

4400arbon dioxide concentration at Mauna Loa Observatory*
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CO, Emissions — 10k years
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Earth Temperature - Paleoclimatology
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Net Zero

“Put simply, net zero means cutting greenhouse gas emissions to as
close to zero as possible, with any remaining emissions re-absorbed
from the atmosphere, by oceans and forests for instance.”

UN.org



The three ETO scenarios

The world needs to reach net zero before 2050 to meet the goals of the Paris Agreement

Global energy-related CO2 emissions, Billion tonnes (Bt)
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Context

What can you make
from one barrel of cil?

Researchers broke down a typical barrel of domestic crude oil into what could be
produced from it. The average domestic crude oil has a gravity of 32 degrees and
weighs 7.21 pounds per gallon Here's what just one barrel of crude oil can produce
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Global CO, Emissions ~ 36.8 billion tonnes in 2022 (IEA)
Transportation CO, Emissions ~ 7.5 billion tonnes
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All sectors contributing to restrain CO; emissions growth Global energy growth, 2021-2050
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European CO, Emissions ~3 billion tonnes
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European CO, Emissions ~ 3 billion tonnes

Greenhouse gas emissions by source sector, EU, 2020

Transport (including
international aviation)

232 9 Fuels - fugitive emissions

1.8 %
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Households, commerce, and product use

institutions, and others 9.4 %
154 %
Agriculture
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construction
121 %

Waste management
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Indirect CO2 and other
0%

Energy industries
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Source: EEA, republished by Eurostat (online data code: env_air_gge) eurostati|
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European Transportation CO, Emissions ~ 1.1 billion tonnes

Greenhouse gas emissions of transport, EU, 1990-2020
(million tonnes of CO, equivalent)
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EU CO, Emissions
Transportation Presents a Challenge

Greenhouse gas emissions by source sector, EU, change from 1990 to 2020
(million tonnes of (0, equivalent and % change)

M absolute change in million tonnes (leftaxis)  ® % change (right axis) (L J_}
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Note: Source sectors as defined in greenhouse gas emission inventories
Source: European Environment Agency (EEA) republished by Eurostat
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Perspective
CO, Emissions Evolution over 30 years

Chart — Average CO2 emissions from new passenger cars

—— Average COz emissions from new
passenger cars
Targets for new passenger cars
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i diesel cars climate benefit of the European “diesel
boom” Atmospheric Environment
Volume 198, 1 February 2019, Pages 122-
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https://www.sciencedirect.com/journal/atmospheric-environment
https://www.sciencedirect.com/journal/atmospheric-environment/vol/198/suppl/C

Moving from XW-40 to OW-XX improves FE ~ 3.5%

-> Theoretical 11 mio tonnes of CO, or ~$1 billion in EUA
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m Car / Van Truck
Vehicles 350,000,000 12,000,000
gCO,/km 100 700
Av. km 10,000 J0,000
tCO, /vy 1 49
Fleet tEﬂ'Zf‘f 350,000,000 L88,000,000 Q38,000,000
3.5% 12,250,000 20,580,000 32,830,000

Approximately 1/3 of EU fleet is 10W-XX in 2020 (Kline)

$2,954,700,000

ICE EUA @ $90/t
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EU Emission Allowances

The price of emissions allowances in the EU and UK
Cost per tonne of carbon dioxide produced (in £ or €)

UK (£ per tonne)
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Source: Data provided by ICE (via Montel); due to licensing this data is not available for download
EU & UK Emissions Trading Scheme prices (December contract)
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OW for PC12?
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Energy-related emissions
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OW for PC12?
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The U.S. Environmental Protection Agency ﬂEPA) announced new proposed
federal vehicle emissions standards that will accelerate the ongoing transition
to a clean vehicles future in the United States

The first set of proposed standards for 2027 for Light-Duty and Medium Duty
Vehicles builds on EPA’s existing emissions standards for passenger cars
and light trucks for Model Years (MY) 2023 through 2026.

The proposed MY 2032 light-duty standards are projected to result in a 56%
reduction in projected fleet average greenhouse gas emissions target levels
compared to the existing MY 2026 standards. The proposed MY 2032
medium-duty vehicle standards would result in a 44% reduction compared to
MY 2026 standards.

The proposal is expected to avoid 7.3 billion tons of CO, emissions through
2055, equivalent to eliminating all greenhouse gas emissions from the entire
current U.S. transportation sector for four years and would also deliver
significant health benefits by reducing fine particulate matter that can cause
premature death, heart attacks, respiratory and cardiovascular illnesses,
aggravated asthma, and decreased lung function.

The second set of proposed standards, the “Greenhouse Gas Standards for
Her?v -Duty Vehicles — Phase 3,” would apply to heavy-duty vocational
vehicles

The proposal is projected to avoid 1.8 billion tons of CO, through 2055,
equivalent to eliminating all greenhouse gas emissions from the entire current
U.S. transportation sector for an entire year, and deliver additional health
benefits by reducing other pollutants from these vehicles.

The standards would result in improved air quality nationwide, and those who
live near major roadways and are disproportionately exposed to vehicle
pollution and heavy—dutP/ activit?/, which often includes low-income populations
and communities of color, would benefit most directly.

U.S. EPA proposes stricter federal vehicle emission standards - F&L Asia (fuelsandlubes.com)
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https://www.fuelsandlubes.com/u-s-epa-proposes-stricter-federal-vehicle-emission-standards/?utm_source=Fuels+%26+Lubes+Online&utm_campaign=df12b488ae-EMAIL_CAMPAIGN_2023_03_01_04_17_COPY_01&utm_medium=email&utm_term=0_-1e93837917-%5BLIST_EMAIL_ID%5D&mc_cid=df12b488ae&mc_eid=f41d7053ab

OW for PC12?

Reduction in fuel consumption and GHG
emissions compared to MY 2017 baseline

MY 2021 MY 2024 MY 2027

Trailers. 5% % 9%

Proposed CO, Emission standards [Grams/ton-mile]
for MY 2027 through 2032+ for various vehicle types

Model year 2027 2028 m 2030 2032+
257 238 218 201 182 142

Light-heavy

Vocational Vehicies 12% 20%. 24%

© 2023 Infineum irtemateral Limtad. Al rghts rasenves Medium-heavy 190 186 179 172 185 153
Heavy 193 189 186 161 154 138
Class 8 Day cab* 702 886 86.3 824 546 515
Class 8 Sleeper cab® 696 696 69.6 626 §5.7 522
Heavy haul tractor 483 483 483 430 425 411
Coach bus 205 205 205 185 164 154

Refuse Hauler 253 241 232 221 212 191

*mid-roof

These data are for compression ignition engines, in the multipurpose use subcategory,

please note there are other standards for urban and regional subcategories and for spark ignition engines.
Source www.govinfo gov Federal Register/Vol. 88, No. 81/Thursday, April 27, 2023/Proposed Rules
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Market Update —Grp Il / IV

Global OW Growth
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Long View
Base Stocks

Average Global Blend Approach for Key PCMO Viscosity Grades,
2010 to 2028
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Average Global Blend Approach for Key HDMO Viscosity Grades,
2010 to 2028
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Perspective
ICE Future
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New vehicle installations - Global

\}80?0
contain
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Most growth in Mild-hybrids

Full hybrid & BEV growth accelerates by 2030




Perspective
Future Oil Demand

Oil Demand Trajectory to 2045

OPEC Referenceand Accelerated Policyand Technology cases
in millionsof bamels per day
Source: OPEC World Gil Cutlo
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Long View
Refining : 15 mio bbl/d supply gap....
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Long View
Refining : 15 mio bbl/d supply gap....

Annual oil & gas exploration spend 2000-2027
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Global Oil Majors ET Investment

The Majors have focused investment in nine areas of the energy transition

# start-ups by focus area

Power and renewables
Wind & solar: energy providers, manufacturing,
subsea characterisation and cleaning;
Power: off-grid solutions, power distribution,
microgrids, grid management and storage

Alternative fuels
Renewable fuels, hydrogen (production, fuel cells, and
transportation and storage)

Carbon management
Carbon conversion, carbon offsets, CCUS,
emissions

\_ Circular economy
Battery, metal and plastic recycling

Energy efficiency
Consumer and data center energy management,
energy conservation

New energies
Geothermal, hydropower, nuclear, tidal
river energy

Mobility

EV (batteries, charging, boats), autonomous
driving, mobility as a service, ride sharing,
vehicle services

IT and digitalisation
Emissions, energy optimisation, exploration, renewable Energy storage
energy, satellite analytics, trading Batteries, ion exchange membranes and polymers

29 Source: Wood Mackenzie



Wood Mackenzie Ranked 230 New Low Carbon
Technologies for the Global Energy Market

WoodMac's 230 New Technologies to accelerate the transition, ranked by maturity

s

Technology Ranking

® Hydrocarbons Grid Edge Plastic End-of-life u Metals u Steel

M Energy Storage B Generation ® Mature-based solutions m CCUs Hydrogen

m Bioenergy Maritime m Aviation ® Road transport

Source: Wood Mackenzie



Long View
CCUS

Keeping Carbon
Capture Secure

PRESSURE INTEGRITY

LOCATION

31

Chemicals
Power genatation ron & Steel

O refining

Ethanot production 0

1410
1.4

1.8

Fertiizor production

Natural gas processing
Synthetic natural gas

Carbon capture capacity by application in 2020
(Million tons of CO, captured)

Carbon Capture Capacity by Regionin 2020
(Million tons of CO, captured)
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Long View — Future Refining
COTC
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Global crude oil demand growth
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The refinery of the future will need to be both greener and more integrated with
chemicals. With regards to the former we are seeing refiners invest in three areas as they
seek to transition their assets from fossil-fuel-machines to low carbon fuel manufacturing
hubs. The first is deeper bio-integration, including bio-conversions. The second is

investment in electrolvsis. which will reduce the carbon intensity of the hvdroaen used by
refiners and potentially create a building block for less carbon intensive fuels. The third is

carbon capture, utilisation and storage (CCUS). Some refiners are seeking to tie their
assets into CCUS systems. With regards to petrochemical integration, we are seeing
some refiners shift operations to increase the output of petrochemical feedstock and
product, whilst others are investing into base and speciality chemical production.”



Long View

Refining & Base Stocks

Global Global Regional
Group IV Exxon 150 CP Chem 110* Ineos 350
Group llI++ Nowvvi 30
Group I+ SK 400 Chevron 20
Group Il SK 2,100 Chevron 550 S Oil 800
Group Il Exxon 3,300 Chevron 3,400 Motiva / S Oil / Luberef 3,600

*Rising to 170kt in 2024
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Combustion Going Bust: Global
Phase-outs of Gasoline Cars

Approximate official targets for the complete phase-out of
the sale of new internal combustion engine cars, by country

W 2035* / .: _
W 2040™ ] /)

Slovenia, Japan, Canadé, Singapore and some U.S. states will continue to allow
sale of hybrids. Sri Lanka: combustion road ban
* including EU-wide ban ** Including signatories of respective COP26 pledge

Sources: Coltura, Statista research

statista %a



ICE Bans Around the
world

100% EY =ales 100% f£EY =sales 100% fEV stock

Germany
Sweden Spain

Slovenia Portugal

Singapore Canada

Netherlands France
Israel Cabo Verde

Ireland Japan

lceland China

Denmark United Kingdom Sri Lanka Costa Rica

2030 2035 2040 2050

ADI Analytics




LCA Uncertainty on EVs

Estimated Life-Cycle Emissions for EVs vs. ICE Cars, per IEA

50 o Manufacturing B Battery ~ Fuel
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Source: 1EA, “The Role of Critical Minerals in Clean Energy Transitions™
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LCA Uncertainty on EVs

Volvo SUV Life-Cycle Emissions: EV vs. Gasoline Life-Cycle Emissions: Volkswagen EV vs. Diesel
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Source: Maciej Neugebaver, Adam Zebrowski, and Ogulcan Esmer, *Cumulative Emissions of CO,
Source: Elisabeth Evrard et al.,“Carbon Footprint Report: Volvo C40 Recharge,” VolvoCars.com, 2021 for Electric and Combustion Cars: A Case Study on Specific Models,” Energies, Apr. 6, 2022




Geopolitical Considerations
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Global Share of Top Three Countries Producing Refined Products

Oil Refining

LNG Export

Hydrocarbons
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Source: |EA, “The Rele of Critical Minerals in Clean Energy Transitions™; Harbor Aluminum, “Aluminum
Production by Country.” The gray and black bars represent the other number two and three countries.



Minerals Refining Gap
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Global Mining Industry Capital Spending
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Perspective

New Charge Points (EU)
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Charging points deployment versus sales of electrically-chargeable cars

B Charging points [ Electrically-chargeable cars

2,000,000

1,500,000

1,000,000

500,000

2019

]
-
Charging points: &-fold increase since 2016

Electric cars: 17-fold increase since 2016
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Social Impact

Employment in the EU automotive sector .‘i, European
\ f". nufacturers
A C E A A.‘.~.;)r: ‘.Hv.un

@ Manufacturing direct @ Manufacturing indirect @ Automobile use @ Transport @ Construction
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DECENT WORK AND
ECONOMIC GROWTH




BILL GATES

HOW T0
AVOID A

CLIMATE
DISASTER

THE SOLUTIONS WE HAVE AND THE
BREAKTHROUGHS WE NEED

Bill Gates
‘““Net Zero*

Technologies needed

* Hydrogen produced without emitting carbon = Compressor / Turbine / GEO (+ NHy)
* Grid-scale electricity storage that can last a full season > Gear/ Turbine / Dielectric
¢ Electrofuels = Optimised ICE

* Advanced biofuels > Compressor / Turbine

* Zero-carbon cement > *”

» Zero-carbon steel 2 Bio cutting/rolling/forming

* Plant-and cell-based meat and dairy

* Zero-carbon fertilizer

* Next-generation nuclear fission

* Nuclear fusion

* Carbon capture (both direct air capture and point capture)

* Underground electricity transmission

* Zero-carbon plastics = Process

* Geothermal energy - Compressor / Hydraulic

* Pumped hydrothermal storage - Compressor / Hydraulic

* Drought-and flood-tolerant food crops

» Zero-carbon alternatives to palm oil = Bio B/S

* Coolants that don’t contain F-gases > Compressor B



ety The size of the world population over the long-run

—_—

The UN demographers expect the
world population to peak at 10.4
billion in 2086 and to decline # 10 billion are projected
thereafter. for the year 2058

9 billion are projected
for the year 2036
The pink line shows the projection ——
by the UN Population Division.

® 8billionin 2023

The purple line shows the sizeof —
the world population over the last

12,000 years. ¢ 7billionin2011

¢ 6billionin 1999

¢ D5 billionin 1987

¢ 4billionin 1974

¢ 3hillionin 1960

In the mid 14th century the 2 billion in 1928
Black Death pandemic killed

between a quarter and half 1.65 billion in 1900

of all pecplein Europe.\
990 million in 1800
In 10,000 BCE the The average growth rate Inthe year 0 the world 600 million in 1700
world population from 10,000 BCE to 1700 population was around Y mition.in
was around 4 million was just 0.04% per year 190 million

& T T T T T T
10,000 BCE 8,000 BCE 6,000 BCE 4,000 BCE 2,000 BCE 0 2000
Global life expectancy before Global life expectancy
1800 was less than 30 years in 2023: 73 years

Based on estimates by the History Database of the Global Environment (HYDE) and the United Nations.
This is a visualization from OurWaorldinData.org. Licensed under CC-BY-SA by the author Max Roser.
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