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Of policy curves, triangles, and asymmetry



Energy is eternal delight

William Blake, The Marriage of Heaven and Hell, 1793
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Tough for policy and regulations to keep up with curves like this

New sources of energy supply 5
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Policy considerations no longer a triangle

Balancing the
‘Energy Trilemma’

The effective management of primary energy supply
from domestic and external sources, the reliability
of energy infrastructure, and the ability of energy
providers to meet current and future demand.

Accessibility and affordability of energy supply
across the population.

Encompasses the achievement of supply

and demand side energy efficiencies and the
development of energy supply from renewable
and other low-carbon sources.
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»Changing priorities

*Energy reliability and resiliency
concerns

*Energy security considerations
=Quality of life requirements
»Water and food security
»Global market implications

s|ncreased access to natural gas
resources

sEconomics of renewables
sEnvironmental concerns
»Aging infrastructure.
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(At least) seven contours

While the climate change impacts of the transition are being well-monitored, less so are other energy-related considerations.

(1)

(2)

(3)

(5)

(6)

institutional shifts in the influence and membership of multilateral organizations like the Organization of
Petroleum Exporting Countries (OPEC) and the International Energy Agency (IEA);

the acceleratinE growth of trade in natural gas either through new international pipelines or via a rapidly
expanding market for liqguefied natural gas gLNG);

the supply chain of cutting-edge clean edge technologies and their trade;

issues of cybersecurity that are growing in importance with the rise of interconnected systems and new forms of
metering and system operations;

the changing landscape for conflict and other minerals due to these changes in technologies and their
deployment in large numbers;

the growing regional power interconnection in electricity grids from the Belt and Road to East Africa; and

Lingering energy poverty and the demand for provision of quality and affordable energy services to billions of
people and businesses. It is clear that these areas go well beyond technology.



On environmental monitoring



Satellite detection of methane and flaring

NASA/JPL-Caltech/University of Michigan NOAA, ERG, 2018


https://www.nasa.gov/sites/default/files/thumbnails/image/14-280.jpg
https://www.nasa.gov/sites/default/files/thumbnails/image/14-280.jpg

Different oil, different emissions
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Oil and climate policy and research

= (Canada: Suncor sequester petcoke to reclaim ponds

= China & India: Ban high-sulfur petcoke power generation

= US: Lift crude oil export ban — Congressional testimony

= California: NGOs pressing to stop production of high Cl oils

= (Canada: Research Excellence grants for low Cl oil processes
= (California: major solar array in oil field applications
= UAE/Saudi: CO, injection/sequestration demonstrations

OCl, Carnegie, Gordon, 2018



In which the oil and gas companies transform



More than Beyond Petroleum this time...

From Oil to Solar: Saudi Arabia
Plots a Shift to Renewables

Equinor; NYT



Oil and gas companies are changing
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(Post completion of the Oil Sands divestment, the number of strategic themes will be reduced from 8 to 7.

@ Royal Dutch Shell |  May 23,2017 25



Investments are getting to scale

Degree of diversifying I0C's

commercial business operations

Passive

Active

Degree to which startups’ services are integrated into the investment

company's operations
Tight Loose

Integrating renewable enargies into oil  Venture capitalism

and gas production

Integrating oil and gas competencies  Building vertically integrated

into producing renewable energy value chain in renewable energy

Big Oil's Clean Energy Budget

Qil majors have allocated the following funds per year for renewable energy
$2.5 billion

15

05

Shel BP Total Statoil Eni

Note: Statoil figure is through to 2020 and will be raised to $1 billion after
Source: Sanford C. Bemstein



NOCs along a continuum
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Figure 1: Governance Indicators (Source of data: The World Bank)



Pressure



Movements and Memes




Social License

I American Indian reservation
Federally administered land* I
— Major pipeline (crude oil, f \

R o hydrocarbon gas liquids, or ) 3
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Access Denied

The $3.8 billion Dakota Access pipeline would add',
nearly 1,200 miles to the U.S. oil network and could
eventually carry about half of American-produced
Bakken crude oil to market. Sixty percent of the
pipeline has reportedly been completed, but a fed-

eral order has halted construction on Army Corps of
Engineers land along the Missouri River just up- SOURCES: U.S. ENERGY INFORMATION ADMINISTRATION; U.S. GENERAL SERVICES

9 9 o P ADMINISTRATION; ENERGY TRANSFER PARTNERS; NORTH DAKOTA PIPELINE AUTHORITY;
stream of the Standing Rock Reservation. VALLEY NEWS LIVE, MEMO FROM ENERGY TRANSFER PARTNERS CEO

& N
*includes private inholdings g

ANDREW UMENTUM, NG STAFF




Moving money

% whcsd

Climate-related financial
disclosure by oil and gas
companies: implementing
the TCFD recommendations




Change in oil demand by sector, 2015-2040

mb/d 6

#ElectrifyEverything

L

Power Buildings Passenger Maritime Freight Aviation Petrochemicals
generation cars

The global car fleet doubles, but efficiency gains, biofuels & electric cars reduce oil
demand for passenger cars; growth elsewhere pushes total demand higher

IEA WEO, 2016



The rest (most) of the world



The energy transition is largely a developing country story

Change in primary energy demand, 2016-40 (Mtoe)

World Energy Outlook 2017
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Changing trade maps for oil and gas

Figure 1.4 Crude exports in 2018 and growth over 2012-18 for key trade routes Global LNG demand and supply capacity
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Flaring and planning

About 140 billion cubic meters annually. Enough to produce 750 billion kWh power

More than the entire power consumption on the African continent currently

Governments, oil companies, and
development institutions around
the world are encouraged to
endorse the “Zero Routine Flaring
by 20307 Initiative.

Canada has endorsed.
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Global gas flaring and oil production 1996-2017
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Opportunity

Oil & Gas Developments — Africa

6

Regional snapshot of offshore exploration developments in Southem Africa
Africa Oil & Gas
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Domestic demand and infrastructure?

Gas Cost at Citygate £ e&\
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New ways to monitor geopolitics
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Figure 1: Iraq and Syria Oil Production, Fields, and Daesh Control, March 2016 TankerTrackers.com . @TankerTrackers - Mar 7
KUDQOS has now arrived at the KRG berth in the port of Ceyhan, Turkey. She last
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Parting thoughts



* Role of the oil and gas companies in the energy transition
* Enormous technical and expertise
* Financial acumen and significant funding
* Global presence
* Forefront companies are looking carefully at the transition
* Role in economic development

* Analogous to the role of minerals and metals in the energy transition
* A good story for mining companies
* Supply for the future of batteries, PV, wind, LEDs, etc.
* Not as used to working with Public Relations

* Tying back to Kate’s comments
* Chemical and materials from carbon...
* Role of CCUS in power, but also industry
* Real examples of transitions to natural gas
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