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Energy transition manifesting in
response to climate change

* Though pathways vary, all scenarios predicated on
low-carbon energy production

* Deep decarbonization requires massive reallocation of
capital
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Transition risks will arise, however,
so will opportunities

* Rapid low-carbon transition poses an existential threat for
the fossil fuel industry, particularly the oil Majors

* Adaptation may prove financially favorable



200 — S&P 500 (ASPX) - Index Value COVID-19 Pandemic.

S&P 500 Energy (Sector) (*"SP500-10) - Index Value Beginning of U.S. Shutdown Measures
(~Feb. 19, 2020)

150
S
8 100
c
@® ExxonMobil last Major
= s Post-June 2014 out of S&P 500 top 10
‘8 Price Collapse (Sep. 3, 2019)
) 'y
o AN N/V \

0 '—M‘
-50

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

The Majors have been in decline since 2014, COVID-19 has
accelerated it

* Oil & gas companies have consistently underperformed despite economic growth

* Financial recovery post-COVID through BAU becomes increasingly unlikely as the
impeding energy transition unfolds
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Low-carbon actions speak louder than net-zero words

* Majors have set out plans for a full-scale decarbonization of their business
models

* Throughout the previous decade, the Majors’ low-carbon efforts proved minimal

* Majors have yet to make significant moves into low-carbon business models as
the upside and downside risks of doing so remain unclear
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Provide tangible insights into the Majors’
adaptive capacity to the energy transition by

Exploring upside and Solving for robust business
downside risks of a first pathways amidst energy
low-carbon mover transition uncertainty
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CRUDE AWAKENING:
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2 Degrees Pathways Wargame — testbed for oil & gas transition

e The 2 Degrees Pathways (2DP) wargame created to

“To help inform company, investor, government, and civil society thinking around pathways the oil and gas majors can
take to become 1.5C/2C-compatible”

* Originally played with human players, revealing more about human bias than robust, climate-compatible pathways



Partially Observable Stochastic Game
(2,8, (b°), (A}, {0}, P, (R}

Notation Description
J Finite set of agents indexed 1, ..., n
s Finite set of states
s, st
b° € A(S) Initial state distribution
Finite set of actions available to agent i and A =X;eq4; 18
A; the set of joint actions (i.e. action profiles), where @ =

(a,, ..., a,) denotes the joint action
Finite set of observations for agent i and 0 =X;e70; 1s the
0; set of joint observations where 6 = (04, ..., 0,) denotes the
joint observation
Set of Markovian state transition and observation
probabilities, where P (s’, 0|s, @) denotes the probability

P A . | : oo
that taking joint action a in state s results in a transition to
state s’ and joint observation 0
Ri: SXA Reward function for agent i

Framing 2DP as a Partially Observable
Stochastic Game

A continuous control problem with multiple competing
entities, 2DP is best characterized as a Partially
Observable Stochastic Game (POSG)—a Markovian
framework resemblant of real-life market competition

Multi-Agent Reinforcement Learning
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Solving with Deep Multi-Agent
Reinforcement Learning

Advances in Deep Multi-Agent Reinforcement
Learning (MARL) have achieved superhuman-
level performance in POSGs of high-dimensional
settings



2DP-MARL
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Environment

* Original 2DP Wargame,
2020-2040

e Climate-compatible scenario
data generated from Integrated
Assessment Modeling
Consortium (IAMC) and
International Institute for
Applied Energy Systems
(ITASA) ensemble
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Environment
* Original 2DP Wargame, 2020 —
2040
e Climate-compatible scenario
data generated from
IAMC/IIASA ensemble

Observations
* Incomplete information to

mimic real-life competition (i.e.

players may only view some of
their adversaries’ assets)

YEAR

SCENARIO

Oil Demand

Gas Demand
OPEC Production
‘Green’ Investment
‘Green’ ROI
Headlines

Emissions
TPED

aaaaaaa

1
St+1 a%
1 —
Tt41
2
St+1 a%
2
il
3
St+1 3
3 ge
Tt+1
ToTAL
4
St+1 -
< g
4
4 [y a
t+1 ?
y Enmi
Sti1
5 a?
T Ex¢onMobil -
t+1 g ),/
6
St+1 Chevron a6
t
6 &
rt+1 ‘
7
St+1 7
- > > a;
T{+1  ConocoPhillips - e

[ p—

| | | |
Roxxon Ewing Oil Virtucon Globex
Asset 1 F et F Asset 1 r set 1 F
TRANSACTIONS
NEW
ASSETS
MODEL
Production Allocation
2 &L./ Option 1 I:E
Py

Y Option N lj
opuesy
EXPLORED
RESERVES

Socio-economic drivers in 1.5°C pathways

i workspaceshows the range of soco-econonic assumptions and
drivers in panmmmnggco g 1o 1°C by theend ofthe

century. It is based on

ter 2 of the



Environment
* Original 2DP Wargame, 2020 —
2040
e Climate-compatible scenario
data generated from
IAMC/ITASA ensemble

Observations
* Incomplete information to
mimic real-life competition (i.e.
players may only view some of
their adversaries’ assets)

Actions
* Similar to 2DP wargame capital
allocation options, includes
player-to-player trading and
‘green’ auction house

<

1
St+1

1
Tt+1

2
St+1
2
Tt41

3
St+1

3
Tt+1

ToTAL

4

Eni

4
St+1

4
Tt+1
5

L TES

5 -
T Ex¢onMobil
Fh X
St6.|.1 Chevron

6
Tt+1

.

7
St+1
_>

Conocc;'lshillips

7
Tt+1

YEAR

— —> SCENARIO

Oil Demand

Gas Demand
OPEC Production
‘Green’ Investment
‘Green’ ROI
Headlines
Emissions

TPED

Lot updatad 2 days ago.

Roxxon

Asset 1
Asset

Ewing Oil

Virtucon

Asset

Globex

Asset 1 F
Asset

MODEL

TRANSACTIONS

Production

ASSETS

Allocation

Option 1 |:E

Option N lj
EXPLORED
RESERVES




Environment
Original 2DP Wargame, 2020 — g

1
2040 St+1 al
Climate-compatible scenario —
data generated from 1 | | |
2 . —
IAMC/IIASA ensemble St+1 bp a% AIim(? AE\tm? \:Imf GlobF
2 YEAR Asset asser || asser o
. Tt41 TRANSACTIONS
Observations : ak w New
Incomplete information to St+1 ; = = scaavo | oot
. . . S . g5 Gas Demand Production Allocation
mimic real-life competition (i.e. e 5 orec roducton b optont —g
. t+1 optont
players may only view some of — o wont B
their adversaries’ assets) 4
St+1
e af
. 4 t
Actions Ttaq R b
. . = A
Similar to 2DP wargame capital P Emi
. : . S
allocation options, includes —LS"'-L> al
_to- i T, Ex¢onMobil - : :
player-to-player trading and t+1 o R
‘green’ auction house 6 P
St+1 Chevron 6
at
6
Rewards Tt+1 ‘
Focus on maximizing o7
t+1
shareholder value through —— o al = ‘
. . 9, > d uuuuuu

Negative rewards to enforce
realistic behavior



Company:
Assets On Hand (post peline Asset ALL) Pipeline 3 gin Exp)
year ($) ($) UndL  Undd  UndH Devd  DevH | p_UndL p_Undd p_UndH p_Devl p_DewM + p_UndM p_UndH p_Devl p_Devd p_Devi _UndM  p_UndH
8 205 0 615 ) ] ] 61 410 820 5 2489

205 410

477925 | &
33 16776800 | 16!
6 586 | 58760684
20459057 | 204205768 49!
7! | 709636679

497460

e Info g s
| o C | ( i ( v_H($) Expo($)

Reason for Negative Siol s Sl e g e ,
Rewards: § w212 imimmse s e e R M tm i)

765679 |
469790751

Intelligent agents love to  FHRGEE IR Iy e
find loopholes!

0.00 |

Sold to C ( re-allo)
Dev_L Dev_M H L H($) NetIncm!
1 8 0.0

166577.4
205683.66




Results & Analysis

e
=4

S s
7

<21
==
—_——

=
NS
O
¥z

|
. =N
g




scenario-robust solution is reached
after ~2.6M timesteps, or 320 pass
throughs each scenario (~130,000
games played)

l * Convergence towards a

* Convergence towards a positive
reward indicates agents achieved
realistic, robust strategies to
maximize dividend payouts

* 01l and gas, ‘green’ and debt
holdings are explored to evaluate
the Majors’ busines models

0.0 0.5 1.0 1.5 2.0 2.5
Time Steps

1e6



Majors' Average Reward Across All IAMC/IIASA Scenarios

BN \Vinner

3.0

25
220
:
S
§)15
2

1.0

* Across all scenarios, Exxon pays out the
0.5 . . . . . . . .
most dividends while maintaining a realistic
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Average Oil Assets (mmbl)
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* Majors heavily divest from oil
assets early, continue divestment
throughout

 Shell and BP maintain the greatest
oil market share at the end game



Average Gas Assets (bcf)
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Majors gradually increase gas asset
holdings, suggesting the carbon
asset’s net income stability

Gas market shares remain similar,
however, Shell tends to let 1ts
market share slip



Average Green Assets ($M)
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* Majors heavily invest in ‘green’
assets; display similar ‘first-mover’
behavior and long-term trends

* Exxon and BP act as leaders of the
‘green’ movement primarily due to
their large, initial balance sheets



Average Debt Holdings ($M)

Majors' Average Debt Holdings Across All IAMC/IIASA Scenarios
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* Hints of a leverage transition (1.e.
borrowing cash to buy ‘green’
assets) undertaken by BP and
Total, Exxon and Chevron.
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 Levels of debt increase towards
the end game due to Majors’ new
debt resilience

75000

50000

25000

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039



Impact

Ve

o L/ 2
//. T ., - "

P -
e e Ty

i
V
(i
X
\

;
ZA

a7 e

I\
n
AR




Moving First, Benefits
Outweigh Costs

Moving first into ‘green’ assets
allows Majors to accumulate
higher returns long-term and
maintain stable levels of debt
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Decarbonization of Emission Leaders
Providing a financial case for the decarbonization
of the Oil Majors helps stakeholders understand

the potential these carbon emission leaders have
to become net-zero vanguards

A Robust, ‘Green’ Strategy

Going ‘green’ while diminishing
net income reliance on oil
assets proves a robust response
to uncertainty in a 1.5C world



Future Work
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