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Introduction



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

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



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



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



Aim

Provide tangible insights into the Majors’ 
adaptive capacity to the energy transition by

Exploring upside and 
downside risks of a first 

low-carbon mover

Solving for robust business 
pathways amidst energy 
transition uncertainty 



Solving a Wargame



2DP Wargame Schematic Player Allocation Options

2 Degrees Pathways Wargame – testbed for oil & gas transition

• 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





2DP-MARL
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A novel microeconomics 
model relevant to the 

energy transition 
discussion

• 2DP-MARL combines 
wargaming and advances in 
Deep MARL to help guide the 
Majors’ stakeholders in 
assessing climate-compatible 
business models
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Environment
• Original 2DP Wargame, 

2020-2040
• Climate-compatible scenario 

data generated from Integrated 
Assessment Modeling 
Consortium (IAMC) and 
International Institute for 
Applied Energy Systems 
(IIASA) ensemble
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Environment
• Original 2DP Wargame, 2020 – 

2040
• 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)

Actions
• Similar to 2DP wargame capital 

allocation options, includes 
player-to-player trading and 
‘green’ auction house

Rewards
• Focus on maximizing 

shareholder value through 
dividends

• Negative rewards to enforce 
realistic behavior 



Reason for Negative 
Rewards:

Intelligent agents love to 
find loopholes!



Results & Analysis



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

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

• Oil and gas, ‘green’ and debt 
holdings are explored to evaluate 
the Majors’ busines models



• Across all scenarios, Exxon pays out the 
most dividends while maintaining a realistic 
strategy pathway

• Average yearly dividend payouts take an 
initial dip before noticeably increasing in the 
latter half of the game



• Majors heavily divest from oil 
assets early, continue divestment 
throughout

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



• Majors gradually increase gas asset 
holdings, suggesting the carbon 
asset’s net income stability

• Gas market shares remain similar, 
however, Shell tends to let its 
market share slip



• 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



• Hints of a leverage transition (i.e. 
borrowing cash to buy ‘green’ 
assets) undertaken by BP and 
Total, Exxon and Chevron.

• Levels of debt increase towards 
the end game due to Majors’ new 
debt resilience



Impact



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

Moving First, Benefits 
Outweigh Costs

Moving first into ‘green’ assets 
allows Majors to accumulate 
higher returns long-term and 
maintain stable levels of debt

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



Future Work



Mass rollout 
as 1-player 

game

Capital cost 
sensitivity 
analysis

Modeling 
National 

Oil Companies

Expanding 
‘green’ asset 

allocation

Focus on corporate 
governance 
questions
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