My Assigned Topic:
The State of Qil

“We have always been wrong about the
future of the petroleum industry. Not just
a little bit wrong, totally wrong”.

Dr. Pedro Van Meurs

Outline

Climate Change
Renewables and Fossil Fuels
QOil

North Dakota

Note: my remarks are meant especially for law students and
other young adults that may be listening
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Outline

* Climate Change
Nutshell: Climate change will be addressed with a multi-faceted

strategy, or we will deeply regret not doing so
— For its part, the oil and gas industry will sequester CO,, stop methane

leaks and flaring, and may gradually transition to hydrogen
— Oil and gas companies that continue to embrace a “business-as-
usual” approach will be absorbed by companies that embrace the

new reality
* Renewables and Fossil Fuels

e Oil
* North Dakota
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Monthly global mean temperature 1851 to 2020 (compared to 1850-1900 averages)
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CO2 emissions by sector, World
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Source: CAIT Climate Data Explorer via. Climate Watch OurWorldInData.org/co2-and-other-greenhouse-gas-emissions « CC BY

Annual total CO2 emissions, by world region

This measures CO: emissions from fossil fuels and cement production only — land use change is not included.
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IEA 2018 World Energy Consumption:
Non-OECD v. OECD Consumption Energy Per Capita Consumption
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Methane emissions by sector, World Suite
Methane (CH:) emissions are measured in tonnes of carbon dioxide equivalents (CO-e) based on a 100-year global warming
potential value.
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Gas Flaring

4/20/2021

World Greenhouse Gas Emissions in 2016
Total: 49.4 GtCO,e
End Use/Activity

Sector

Road 119%

Transportation 5%
R Ral Al Ship & Pipeine. 3%

Residential Buildings

Commercial Buildings

Electricity andHeat ~ 304%
Unallocated Fuel Combustion

Iron & Steel

ENERGY

Buildings
Other Fuel Combustion ~ 3%

Chemical and Petrochemical

Other Industry 106%

Manufacturing 4%
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Cement
Livestock & Manure 173%
flceCuthaton
Agriculture Soils.

HECS IS AN 2%

Land Use Change:
and Forestry

WORLD RESOURCES INSTITUTE

Source: Greenhouse gas emissions on Climate Watch. Available at: https://wwwclimatewatchdataorg
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Number of animals slaughtered for meat, World
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Source: UN Food and Agriculture Organization (FAQ) OurWorldinData.org/meat-production « CC BY
Mote: This is based on livestock production for meat (and therefore does not include dairy or egg production).
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Fossil fuel consumption by fuel type, World
Fossil fuel consumption is given in terawatt-hour equivalents (TWh).
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Reality Check: some sources of GHG emissions
are hard to abate

* High temperature industrial processes: iron, steel, cement and

chemical plants

* Long-distance transportation services, including heavy duty
trucks, aviation, and marine

15

15
Oil Industry Responses to Climate Change

Scope 1: direct emissions

E.g., ExxonMobil announced that it will reduce GHG intensity 15-20% by 2025 by
reducing methane leaks and gas flaring

BP has pledged net zero by 2050

— Invest in renewables

— But to accomplish this requires some deception:

* BP intends to sell off (not shut down) high GHG emitting assets!

* BP conveniently exempts from its pledge its 19.75% stake in Rosneft, which is
exploiting a massive $134 bn Vostok oil project in the Arctic—estimated to
contain 44 bn barrels of crude and to produce at a rate of 2 mn+ bpd

Scope 2: emissions by contractors
Scope 3: emission by customers
16
16
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The Global Carbon Cycle In GTs/Yr
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Solutions:
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More Renewables

More Nuclear (maybe Fusion)

More efficiency

Reduce fossil fuel demand

CCuUs

* Carbon Tax/Cap & Trade

* Carbon pricing for direct
capture

Solar radiation management

All of the above and more

DAN PIRARO
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Direct Carbon Capture

* This can be commercialized by establishing a carbon price (a carbon
tax is not needed)

* Investors, e.g., the oil industry, will be paid to capture carbon
directly from the atmosphere and sequester it in deep saline
reservoirs

* A portion of the costs should be funded from general government
tax revenues because ultimately it is the private demand for and
consumption of energy that causes emissions that have benefitted
society and the economy as a whole

* A portion of the costs should be funded by the private sector to
encourage energy efficiency and the transition to carbon neutral
energy

19

Solar Radiation Management through geoengineering:
1960s: floating billions of white “golf balls” in oceans to reflect sun (heat)
1991: Philippine Volcano Pinatubo spewed sulfates into the atmosphere,
which led to .6°C cooling: Can science replicate this by launching reflector
particles into the stratosphere or upper atmosphere?
Other more contemporary ideas:

* Pump ocean salt water into the air forming reflective water droplets

* Pump salt water into low polar clouds to re-freeze the polar ice caps

* Pump iron into oceans to stimulate algae growth to soak up CO,

* Pump smoke-stack emissions into stratosphere using stacks held in

place by large balloons

* Pump sulfuric acid into the stratosphere to offset global warming
Danger: Unforeseen consequences
Foes: Environmentalists who say “no” way too much

20
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Aside: Environmental Community Strategy Evolves

* Pre-2008
* Eliminate coal
* Oppose nuclear expansion
* No worries about oil and gas, as they have peaked and will continue to decline
* Post 2008
* Unconventional and deep-water discoveries postpone peak oil and gas supply
* New goal: greatly reduce oil and gas supply and demand
* Concentrate on the bottlenecks, i.e., pipelines
* CCUS for remaining GHGs
* Replace with wind, solar, hydrogen, and biomass
* A few environmentalists support nuclear as a necessary evil

21
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Dakota Access Pipeline Aside:
Climate Change trumps HSE

Dec. 2014 Rail Tanker Explosion and Fire
% mile west of Casselton ND

22
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Nuclear

* We will need new, smaller, cookie-cutter nuclear plants

* Nuclear fusion may no longer be 20 years in the future—as it
has been since the 1970s

23

23

Outline

Climate Change

Renewables and Fossil Fuels
Nutshell: Energy is transforming in a major and disruptive way

— But it will be an evolution, not a revolution, so long as we do not pass
a climate change “tipping point”
* Oil
North Dakota

24

24
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Renewables
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The Solar/Wind Quandaries: Capacity v. Deliverability
(both Quantity and Timing) and Intermittency

Deliverability is a fraction (20 to 40%) of capacity

Solar and wind have periods when they do not generate electricity
Solar energy peaks when demand is medium

Wind is even more intermittent than solar

26
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i .S. ion i E . B Lawrence Livermore
Estimated U.S. Energy Consumption in 2019: 100.2 Quads N Loty
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* Amount of energy lost when transforming types of energy

a* With each energy transformation, some is wasted
* Second Law of Thermodynamics
* Transformation waste cannot be eliminated
* But it can be reduced

* E.g., in laboratory conditions, a diesel engine

transforms diesel fuel into heat, using about 50%
'_‘. for actual work (Cummins diesel uses about 54%)
1 ? * E.g., in l[aboratory conditions, a gasoline engine

W h at IS Wa Ste * k. transforms gasoline to heat, using about 43.5% for
actual work (Delphi is aiming for 48%)

* Actual real-world conditions are far less efficient,
e.g., a typical automobile uses about 20% of the
heat for actual operations

* The wasted energy is lost to friction or goes
out the tailpipe

* Land, sea, and air transport uses 21% of
energy fuel for actual work

» * Coal-fired plants transform about 32% of energy
to usable electricity

* Gas-fired plants transform about 44% of energy
to usable electricity

* But combined-cycle gas turbines recover
waste heat from the gas turbine and use it

Additional

Wd Ste N to drive a steam turbine, together

: transforming about 62% of energy to usable
transformation i cloctricity
exam p|es: ¥ * If the heat is captured again and used to

heat nearby buildings, efficiency is further
improved—up to 90%

* But another 5% of this usable electricity is lost
during transmission (i.e., line loss)

15



Efficiency is a “Greater Green”

Increasing electric grid efficiency by 5% =

21.6 32.4 262.1

COAL-FIRED MILLION CARS MILLION ACRES BILLION POUNDS OF CO02
POWER PLANTS OFF THEROAD OF TREES REDUCED

31

31

Wa Ste N 9 stored for use in a fuel cell to generate

t f t electricity, the efficiency is only about 30%
ransrormation * But this is about the same as coal and

iS N Ot 3 I | ba d more favorable than the real-world use of

engines

* E.g., if electricity is used to split water into
hydrogen and oxygen and the hydrogen is

internal combustion gasoline or diesel
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2018 AND 2050
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Why electrify? Quality of Life

Netherlands

ANNUAL PER CAPITA ELECTRICITY USE (kWh)
https://graylinegroup.com/energy-prosperity-informed-discourse/

f Canada
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jo
204
Z
= - :E thiopi HUMAN DEVELOPMENT INDEX, a measure of basic
E . opia human well-being used by the United Nations,

reaches a plateau at about 4000 kilowatt hours of
0.2 annual electricity use per capita. Sixty nations were
analyzed, representing 90% of Earth’s population.
o (Adapted from ref. 3.)
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Primary Energy Resource Mix from 1850

Global Mix of Fuels
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Primary Energy Increases Exponentially Since 1900
Global Mix of Fuels
Quadrillion BTUs
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Hydro
500 Gas
Qil
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Source: Smil, Energy Transitions (1800-1960)
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World population growth, 1700-2100

_/\_Annual growth rate of the world population
__‘ World population

2 f
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n00
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it 37
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World GDP over the last two millennia
Total output of the world economy; adjusted for inflation and expressed in international-$ in 2011 prices
$100 trillion

$80 trillion

560 trillion

$40 trillion

$20 trillion

30
1 500 1000 1500 2015
Source: World GDP - Our World In Data based on World Bank & Maddison (2017) OurWorldinData org/economic-growth - CC BY 38
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I Energy use per unit of GDP
Tonnes of oil equivalent per $°000*

1.2
FORECAST
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Jala, 0.4
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_— India
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Source: BP *At 2009 purchasing-power-parity exchanige rates
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So what about the future: IEA WEO 2020

3 of 4 scenarios
* Stated Policies Scenario (STEPS—“business as usual” ), in which Covid-19 is gradually brought under control in
2021 and the global economy quickly returns to pre-crisis levels

* Sustainable Development Scenario (SDS) assumes a surge in clean energy policies and investment to achieve
sustainable energy objectives in full, including the Paris Agreement, energy access, and air quality goals,
achieving net zero by 2070

* Net Zero Emissions by 2050 (NZE2050) addresses what outcomes would be needed to achieve net zero by 2050,
instead of 2070

41

41

III

IEA’s “Business as Usual” Predictions

* QOil demand flattens

— Petrochemical use eclipses transport use
— Changed oil behavior due to COVID-19 cuts both ways:

* work at home, less business travel

* more eVs purchased due to fears of public transit, SUVs remain popular, and
delayed replacement of ICEs

— Lots of reasons to be “bearish” about oil but demand increases 14%
to 2030

* Natural gas: 30% increase in demand in Southeast Asia with
only a slight decline in the West by 2040

42

42
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IEA’s “Business as Usual” Warnings

» Existing and under-construction FF energy infrastructure, if
operated in line with past practices until decommissioned,
generates enough CO, emissions to increase temperatures
1.65° Cin 2100

* Adding new FF energy infrastructure at current rates, increases
temperatures 2.7° Cin 2100

* CO, emissions (33 Gtin 2019)
— 36 Gt in 2030 under a “business as usual”
— They need to fall to 20 (27) GT to meet 1.5- (2.0-) degree goals

43

43

Change in energy demand by scenario, 2019-2030
World Energy Outlook 2020

Coal «» Oil Natural gas Nuclear Renewables «» Traditional use of biomass

1

Stated Policies Scenario Sustainable Development Scenario Net Zero Emissions by 2050 case

International
Energy Agency

44
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RethinkX (the game-changing outlook)

https://www.rethinkx.com/humanity

* “We are on the cusp of the fastest, deepest, most consequential
transformation of human civilization in history....”
— Food, transportation, energy, and associated materials costs fall by 10X+

— Production processes are localized, become 10X more efficient, and
consume 90% fewer natural resources

— The world rapidly moves from an extraction economy to a creation
economy, from scarcity to plenty, from inequitable and predatory
competition to shared prosperity and collaboration

— All within 10-15 years by market forces alone, absent government
intervention to shore up traditional forms of food, transport, and energy

45

45
RethinkX
Food:
* | will skip, but RethinkX’s food transformation is largely based on localized bio-
engineered foods
46

4/20/2021

23



RethinkX

Transportation:
* TaaS (transportation as a service): Shared Autonomous eVs hailed on demand will

rapidly replace individual car ownership and the ICE, be 10X cheaper for consumers,
and far more efficient

Fleets will be electrified, last for 500,000 to one million miles per e-V (compared to
about 140,000 miles for an ICE vehicle) and on a per-mile basis, will 1/3 to 1/6 the
cost of an ICE vehicle

* Autonomous e-vehicles, e-scooters, e-drones, and e-bikes will ease congestion

47

47
RethinkX
Energy:
* Solar, wind, batteries, sensors, and Al (“artificial intelligence”) combine to match
supply with demand on an as-needed basis
* Localized energy generation combined with battery storage replaces centralized
electric power and lowers cost by eliminating centralized long-distance transmission
and distribution costs
* Near-zero marginal costs of solar, wind, and battery power drops electricity to about
1¢/kwh
* Fossil-fuel production declines and developed resources becomes stranded
48
48
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Could the electric grid go
the way of the telephone
land line, with local solar
and battery back up?
RethinkX thinks so.

=== 49

49

Easter Parades in New York City
Year 1900: One Vehicle Year 1913: One Horse & Carriage

Motor le
— AR R ;1 TH.AVE.EASTERYIS | S

13 o

50

50
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RethinkX

https://www.rethinkx.com/
» Specifically, what about oil?

* “We are on the verge of a major oil disruption...,” like:

— Qil saving the whale

Electric lights dooming oil

— ICEs and autos saving oil

— Automobiles dooming buggy whips!

— Digital cameras dooming Polaroid and Kodak

— Cellular phones dooming land-line phones

— TaaS vehicles doom the oil and automotive industries?

51

Potential Spoiler:
Bitcoin (Crypto-Currency)
Energy Hog

* In 2019, one bitcoin transaction
— Consumed energy equal to 28 gallons of gasoline

— Consumed enough electricity (434 kwh) to power an average home for two
weeks

* 2/3 of electricity currently comes from fossil fuels

* In 2019, 390,000 bitcoin transactions occurred each day, consuming energy roughly
equal to Switzerland'’s total energy consumption

52

52
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For other outlooks, see appendix

53

53
Outline
Qil's climate nightmare
* Cllmate Cha nge Global oil demand by scenario, annual bn
. tonnes of oil equivalent
* Renewables and Fossil Fuels R S —
5
e Oil
4
Nutshell: get ready for another boom
(part of a commodity super cycle) ¢
 North Dakota ’
1
0
2000 2010 2020 2030 2040 2050
Source: Wood Mackenzie
54
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So, what of the state of oil? Get ready for another
boom and please keep your promise this time!

"Please God, give us
another oil boom, we
promise not to piss it
away this time"

55

55

In million barrels per day
120 1

Rystad Energy long-term global oil demand forecast, split by region @

RYSTAD ENERGY

———North America
——China and other East Asia
———Western Europe
—Southern and Easten Europe
——India and other South Asia

Middle East

Russia
=———South East Asia

Africa

Central and South America
——Australia and the Caribbean

——Governmental
targets scenario

Governmental
targets scenario
(Previous)

o~
—
o
~

*Our oil demand forecast assumes the share of oil in various sectors develops in line with government goals to move towards a cleaner carbon future

Source: Rystad Energy research and analysis
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|GHOWING OIL DEMAND
SHORTAGES
and
World Oil INCREASING
Production PRICE
ACTUAL PRODUCTION \
reaches a maximum
and then declines Basic lllustration
(peaks) Not to scale

57

Rystad Dec. 9, 2020

* At current rates of investment (admittedly low due to low
demand and prices), the world is on track to run out of
sufficient oil supplies to meet its needs through 2050 (despite
lower rate of future demand and accelerating energy
transition)

* To avoid this, at least S3 -5 Trillion of new investment is needed
at over 2X the current rate

* But what about climate change?

58

58

4/20/2021

29



4/20/2021

Answers: CCUS and Solar Radiation Management

Bi Coal Power Station,
omass, o Refinery or Pl -
with COz Capture |
o e s CO2 Injection
Production, Wells
D d O
6)

(discussed above)

T
uction 9 y
- I =

Whilaning
tha roafs

ightaning
he color
of crop leaves:

59
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Why are we so oil and gas dependent?
#lilhiurn Battery |05 Al a conversion rate of 20%, on a solar
Wood Pmps cell of one square meter, it would
Ethanol ' require ~58 days to capture the solar
Coal (Bituminous) energy equivalent of 1 gallon of
Methanal  Faue gasoline.
Coal (Anthracite)  Na&8 . il
Bunker FARDESS——
Crude il Sagms = e 3
JetA-l B
Digsel M
Gasoline (Automobile) & Petroleum Based
Kerogene
- Histural Gas
Propane &
LNE &
Methane &
Hydrogen B
https://people.hotsira.edu/geotrans/ena/chiend
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The battery wild card:
Can we build a better battery?

* "The storage battery is, in my opinion, a catchpenny, a sensation, a mechanism for swindling the
public by stock companies. The storage battery is one of those peculiar things which appeals to the
imagination, and no more perfect thing could be desired by stock swindlers than that very selfsame
thing. ... Just as soon as a man gets working on the secondary battery it brings out his latent capacity
for lying.” Thomas Edison

* Currently, in pure electric cars, batteries take up 80% more weight/space than gasoline

I
[EN

61

61

The Hydrogen Wild Card
but it fits neatly into the petroleum industry business model

* Hydrogen’s energy density per kg is very high and can be stored for long periods
— But its energy content (energy per liter) is lower than gasoline or diesel
* It produces only water (steam) when consumed in a fuel cell, but:

— Hydrogen is the smallest atom in the atomic table and the smallest molecule, making it
challenging to store (as ammonia) without leakage

— Hydrogen is explosive, having a much larger “combustion range” than methane
— Hydrogen has an invisible flame
* Hydrogen energy is often classified using color adjectives:
— Green Hydrogen is generated through water electrolysis using renewables
Blue Hydrogen is generated using methane and CCUS
Grey hydrogen is generated using methane without CCUS
Brown Hydrogen is generated using coal or lignite (perhaps with some CCUS)
Yellow Hydrogen is generated using nuclear
* Generation of hydrogen using hydrocarbons requires CCUS to achieve net-zero emissions

62

62
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Other Wild Cards

OPEC+

Iranian oil

Iraq oil

Venezuelan oil
Mexican oil

All are hard to predict

63

63
Outline
Climate Change
Renewables
Fossil Fuels
Qil
North Dakota
Nutshell: A danger for ND are politicians who think they can
“boost” the state’s oil industry
— Politicians can hurt the industry, but they really cannot help it!
— Global supply and demand drives oil, not ND—not even Texas
— The best ND politicians can do is safeguard ND’s long-term future
— Minor Aside: Biden’s possible curtailment of federal oil leasing
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by Paul Collier
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Prosperity Formula/
Failure Formulas
Nature + Technology + Regulation = Prosperity
Nature + Technology — Regulation = Plunder
Nature + Regulation — Technology = Hunger
66
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Petroleum Prosperity Formula

How are we doing so far?

Very Poorly! Failures outnumber the Prosperity outcome because
governments notoriously mismanage their resource wealth by:

* failing to protect the environment,

* failing to encourage use of best practices and best technology,

* failing to capture economic rents, and most importantly

* failing to invest economic rents wisely to benefit both present and

future generations

67

Top 15 global sovereign wealth funds

By assets* (Stn)

Name

Norway Government Pension Fund Global
China Investment Corporation

Abu Dhabi Investment Authority

Hong Kong Monetary Authority Investment Portfolio
Kuwait Investment Authority

GIC Private Limited

SAFE Investment Company

Temasek Holdings

Qatar Investment Authority

National Council for Social Security Fund
Public Investment Fund

Investment Corporation of Dubai
Mubadala Investment Company

Turkey Wealth Fund

Korea Investment Corporation

* As at Dec 2019
Source: Sovereign Wealth Fund Institute

Hll Middle East Others
Country o] 0.2 0.4 0.6 0.8 1.0
Norway

China
UAE
Hong Kong
Kuwait
Singapore
China
Singapore
Qatar
China
Saudi Arabia
UAE

UAE
Turkey

South Korea

1
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Alberta Heritage Fund (HF)
(the inspiration of Norway’s fund)

1976: Established

Early 1980s: The fund was used for capital expenditures for health,
education, and research facilities

1987: Royalty transfers to the fund were stopped

— “Unfortunately, since 1985,...Alberta has behaved more like Venezuela than
Norway.” Vincent Lauerman, Calgary, Petroleum Economist, April 2021

2003: Investment income from HF was dedicated to General
Revenue Fund, flattening the Fund’s rate of growth

—12/31/2020: HF was $17.3 bn

2021: Alberta projects $18.1 bn budget deficit and $115.8 bn debt

69

69

Sheikh Zaki
Yamani

* “The stone age did not
end for lack of stone; the
oil age will not end for
lack of oil.”
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The New “Super Cycle” to 2030+

* High energy demand and trade, including oil and gas, means
lots of transactions
— Governments, mineral owners, and investors
— Investor joint ventures
— Transportation, production sales, and financial arrangements
— Infrastructure construction
— Distribution contracts
— Buy/sell transactions, etc.

* + New technologies will require new legal solutions
* + Lots of disputes
= Work for lawyers and landmen

-~
iy

71

What are the most attractive oil investments for
the next 10-15 years?

*  Two places:

— Offshore deep water, e.g., Brazil, GOM, West Africa—due to potential
for huge discoveries and relatively low surface risk

— Shale and tight oil, the Permian and Bakken—due to the presence of
a known resource that can be tapped quickly to respond to high
prices and delayed to respond to low prices

* Butshale and tight oil make for a volatile roller coaster ride

* Thus, states should tax oil resources progressively and invest, not
spend

.
N
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But remember, there are “Wild Cards”

* | mentioned a few
* Some wild cards could increase oil demand, while others could
decrease oil demand

* Afterall, remember: “Ship Happens

e
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Appendix

Some other outlooks
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BP Outlook Projected CO, Emissions

Gt of CO
40

Rapid
b —o— Net Zero

Business-as-usual

2000 2010 2020 2030 2040 2050 7°

75

McKinsey Global Energy Perspective Jan. 2021

https://www.mckinsey.com/~/media/McKinsey/Industries/0il%20and%20Gas/Our%20Insights/Global%
20Energy%20Perspective%202021/Global-Energy-Perspective-2021-final.pdf

Reference “Business as Usual” Case
1. 1.5°C goal is elusive
2. Anticipates a potentially catastrophic 3.5°C increase

3. Investments in all forms of energy will grow
— 50% of all energy investment in 2035 will be in oil and gas

76

76

4/20/2021

38



Equinor Energy Outlook (compared to BP, Nov. 2020

FIG. 1: Global oil consumption by scenario (mn bl/d)

80
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20
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0
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Sources: BP Energy Outlook 2020; Equinor Energy Perspectives 2020

Query: Does cognitive psychology (‘confirmation bias’) play a role in formulating outlooks?
* Do their respective trending corporate strategies feed into their outlooks? It should be vice versa.

77

77
Shell Outlook Feb. 2021 to 2100
* Three Scenarios * Each scenario is measured in light
1. Sky 1.5: Climate Change takes of five possible trends:
priority—SheII’s desired outcome 1. improved energy efﬁciency
2. Waves: economy takes priority 2. continuing electrification
3. Islands: nationalism takes priority 3. rising biofuel and hydrogen usage
4. continuing need for upstream oil
and gas investment
5. CCUS
78
78

4/20/2021

39



40
a5

31

2000-
2019

Historical

35
30
22
178 17
|‘ |143 "
I Iw
2019-  2019-  2019-
2030 2050 2100
Waves

FIG. 2: Islands scenario retards economic and demand growth

M Global economic growth
M Improvement in energy intensity
[ Global primary energy demand

21l
12
I 10

2019-
2030

20
17
15
13
|°~5 I.4

2019-
2050

2019-
2100

[slands

28

26
2:2
18
16 15
10 10
I I 0.7

2019-  2019-  2019-
2030 2050 2100

Sky 15

Source: Shell

79

79
FIG. 3: Fossil fuels dominate until 2050 except in Sky 1.5
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What is missing?

* ExxonMobil’s Energy Outlook
* It should have come out last fall
* Are experts at XOM having a problem reaching a consensus?
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