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10+ years experience as researcher, consultant, and executive
Educations in engineering, economics and management
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Energy Day Wrapup: Trends
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Carbon
The Oil Market
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Focus: Total Case Study

Course Wrapup: Strategic View
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Course Objectives
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A Drawing an systemic framework to analyze the energy industry
A Discussing major trends affecting the energy industry
A Deploying top references to understand the industry trends

A Discussing the strategic implications of energy transition
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10 reports to follow
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Energy Demand
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Global primary energy demand
Million terajoules

Industrialization of Western Expansion of global Unprecedented rise - Rapid

economies; energy use and local transport, in Western living industrialization

still largely biomass fuelled by coal and oil standards - in China

420
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_CAGR 29

2.1

Sources: McKinsey Energy Insights' Global Energy Perspective, December 2017; IEA Energy Balances (Historical); Smil, V. {Historical)
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Fuels Share of Primary Energy Consumption (Exajoules)

yspueznolod ulwey TZ0Zd3S VvEA dNTIY  saiberens @ spuail ABisu3

27%

4%

5%

24%

= Ol
m Natural gas
Coal
Nuclear energy
m Hydro-electricity
m Renewables

PetroView



World Total Energy Supply by Source
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World Total Energy Supply by Region
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World Total Final Consumption by Source
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World Total Final Consumption by Region
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World Energy Consumption
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World consumption

Shares of global primary energy

Exajoules Percentage
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Primary energy consumption decreased by 4.5% last year, the first decline in
energy consumption since 2009. The decline was driven largely by oil (-9.7%),

which accounted for almost three quarters of the decrease. Consumption for all

fuels decreased, apart from renewables (+9.7%) and hydro (+1.0%). Consumption
fell across all the regions, with the largest declines in North America (-8.0%) and
Europe (-7.8%). The lowest decrease was in Asia-Pacific (-1.6%) due to the growth
in China (+2.1%), the only major country where energy consumption increased in

2020. In the other regions, the decline in consumption ranged between -7.8%
in South and Central America to -3.1% in the Middle East.

Oil continues to hold the largest share of the energy mix (31.2%). Coal is the
second largest fuel in 2020, accounting for 27.2% of total primary energy
consumption, a slight increase from 27.1% in the previous year. The share

of both natural gas and renewables rose to record highs of 24.7% and 5.7%
respectively. Renewables has now overtaken nuclear which makes up only
4.3% of the energy mix. Hydro's share of energy increased by 0.4 percentage
points last year to 6.9%, the first increase since 2014.
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Aspects of the Cake
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Drivers of Energy Transition
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Trend 1:
Electrification



World Total Final Consumption by Source (EJ)
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World Electricity Generation By SourceTwh)
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World Solar PV Electricity Production by Region{wh)
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Underestimating Renewables
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Solar: global forecast of cumulative installed capacity
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Total Final Consumption (Mtoe)
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Electricity Generation TWh)

T202d3AS v49dA dW3IY  saibarens % spuail Abisu3

apueznoioH uiey

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

o

ea

Coal

Hydro

Wind Solar PV
m 2019 m2040 SPS m 2040 SDS

26

Nuclear

Other renewables

-
PetroView



Global LCOEs from newly commissioned, utilityscale renewable power generation
technologies, 2010-2020
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LCOE by technology
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Key Metrics
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Trend 2:
Efficiency



Energy Efficiency and Energy Intensity
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A Energy Intensityis measured by the quantity of energy required per unit output or activity, so that using less

energy to produce a product reduces the intensity.

A Energy Efficiencyimproves when a given level of service is provided with reduced amounts of energy inputs or

services are enhanced for a given amount of energy input.

A Declines in energy intensity are a proxy for efficiency improvements, provided:
A a) energy intensity is represented at an appropriate level of disaggregation to provide meaningful interpretation, and

A b) other explanatory and behavioral factors are isolated and accounted for.
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IEA Energy Atlas

salborens 7 spuail AbBisug

120¢d3dS vad diN3id

yapueznoio- uiwey

ea

Energy Indicators

32

TES/GDP(PPP) (M}/2015 USD PPP)

Total Energy Production (E])

Overall Energy Self-sufficiency (%)

TES/GDP (M]}/2015 USD)

TES/GDP(PPP) (M}/2015 USD PPP)

TES/population (G)/capita)

Congo
Turkmenistan
Togo

Iceland
Mozambigue
Zimbabwe

Syrian Arab Republic

Download maps

14.3
12.9
12.8
12.4
11.9
10.1

”~

PetroView



World GDP and TES trends]1990-2018
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Energy Intensity
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Global energy intensity, 1990 compared to 2018

T202d3AS v49dA dW3IY  saibarens % spuail Abisu3

yapueznoioH uiwey

toe/thousand 2015 USD PPP

0.3

0.2

01

Wirld OECD Total

ea
35

Mon-OECD Total

-
PetroView



Energy Intensity
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Average Annual Rate of Improvement in Energy Intensity
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Primary Energy Demand
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Energy Use in Road Transport
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Peak Oll
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Liquid Fuels Demand & Supply
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Refining Outlook
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Peak Oil Scenarios
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Global Liquids Demand
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Average Annual Oil Demand Growth
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Average Annual Oil Demand Growth in OPEC WOO for Peri@d35t 2040
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Required Investments
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Uncertain Demand
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Breakeven Cost for New Oil Projects

Post-tax breakeven costs for new oil projects at a 10% rate of return by country through

2030G

Exhibit 6
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Estimated Present Value of Future Oil and Natural Gas Production t2040
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Stranded Assets
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1 700 billion barrels

= Produced in the Sustainable Development Scenario
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Gas Coal

220 trillion cubic metres 650 billion tonnes coal equivalent

= Additionally produced in the Stated Policies Scenario
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Average Annual Net Income for Private Companies
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Notes: Net income is revenue minus finding and development costs, operating costs, and government taxes. Estimates are for all private oil and gas companies (Majors and
Independents), and are derived from couniry-level data using a field-by-field database that classifies asset ownership by type of company along with assumptions about the ownership of
future discoveries. Assumes no changes in fiscal terms.
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Average Annual Net Oil and Gas Income Before Tax of all NOCs and INOCs
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Trends In
Investment &
Finance



World Energy Investment by Sector
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Energy Investment and GDP
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Global Investment in Energy Supply
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Global Investment in the Power Sector
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World Upstream Investment
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World Upstream Investment
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Ownership, Production & Investment
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Global Upstream Investment
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Capital Investment in Renewables by Large Oil and Gas Companies
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Notes: Capital investment is measured as the ongoing capital spending in new capacity from when projects start construction and are based on the owner's share of the project.
Companies include the Majors and selected others (ADNOC, CNPC, CNOOC, Equinor, Gazprom, Kuwait Petroleumn Caorpaoration, Lukoil, Petrobras, Repsol, Rosneft, Saudi Aramco,
Sinopec, Sonatrach). CCUS investment is in large-scale facilities; it includes developments by independent oil and gas companies in Canada and China and capital spend undertaken with

Jovernment funds.
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Allocation of Upstream Investment by Resource Type and Company Type
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Majors{ndicative Sources of Finance and FCF
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EBITDA Margins by Oil and Gas Company Type
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Cost of Debt for Energy Companies
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Weighted average cost of long-term debt for top energy companies (left) and government 10-year bond yields (right)
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MENA Energy Investment
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Energy Investment Pattern
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Average Annual Upstream Investment
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Spending on Energy R&D by Globally Listed Companies
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Global Earlystage VC Investments in Clean Energy Technology Stanips
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Typical Upstream Project
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M&A in Oil and Gas Industry
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M&A Drivers in the Upstream Oil & Gas
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Focus: Iran



Iran Energy Flow
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Carbon



A Simplified Overview of Carbon
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Industry Flow
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Petrochemical Feedstock and Derivatives
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From Crude Oil to Basic Petrochemicals
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From Natural Gas to Basic Petrochemicals
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The OIl Market



Distribution Of Proved Reserves
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Top Oil Producers, Net Exporters and Net Importers
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% of
Producers Mt | world

total
United States 706 | 17.0
Russian Federation 512 | 124
Saudi Arabia S11) 123
Canada 255 62
Iraq 01| 49
People's Rep. of China) 195 | 47
United Arab Emirates 1741 42
Brazil 193] 37
Kuwait 131 32
Islamic Rep. of Iran 1301 31
Rest of the world 1173 | 283
World 4141 | 100.0

2020 provisional data

Net exporters Mt

Saudi Arabia 352
Russian Federation 269
Iraq 195
Canada 154
United Arab Emirates | 148
Kuwait 102
Nigeria 9
Kazakhstan 70
Angola 63
Mexico 39
Others 931
Total 2042

2019 data
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Net importers Mt

People's Rep. of China| 505
India 27
United States 202
Japan 149
Korea 145
Germany 86
Spain 66
Italy 65
Netherlands 62
Singapore 33
Others 509
Total 2069

2019 data
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The Geopolitics of Ol
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Major Trade Movements 2020
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