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Quantitative Energy Finance

Price Model

• Deterministic: 

world oil demand →

world oil price

• Stochastic:

E.g., dS = µSdt + σSdW

Value Formula

• How to exploit impact of oil 

production by a 

country/company on oil price?

• Value a call option with 

V(S,T) = max(ST - K,0)



Commodities

Valuable for What They Bring

• Oil: transportation & plastic

• Gas: heat, electricity generation

• Electricity: motive power, air 

conditioning

• All are difficult to store and 

transport

Spreads 

• Calendar

• Location 

• Spark

• Crack

• Crush

• V(R,S) = max(aR-bS-K,0)



Real Options

Spread Infrastructure

Gas Calendar Spread Salt Dome Storage

Oil Location Spread Oil Tanker; Pipeline

Spark Spread Natural Gas Power Plant

Crack Spread Oil Refinery

Crush Spread Corn Ethanol



Pricing Real Options

Facility = Sum of Spread Options

• PDE and exercise decision

• Physics of problem impacts exercise 

decisions

– Have to fill a facility before you can 

empty it; 

– Can’t switch things on and off too 

frequently

Results

• Stochastic Optimal control 

PDE

• Lots of nice numerical 

analysis

• Gives value functions; 

control surfaces



Assumptions and Results

Assumptions

• Owners of assets have control 

over them

• They use their power to 

extract profits

• The more market uncertainty 

the more the profit

Results

• Gives value to flexible assets

• Assets are used to stabilize the 

market

• Store gas in cheap season; use 

in expensive season

• Move oil from cheap market to 

expensive market



Risk vs. Uncertainty

Regular Uncertainty

• Corn ethanol market has 

lots of kinds of uncertainty

• Fluctuating subsidies

• Blend mandate

But …

• Subsidies change 

behaviour

• Behavioural changes blunt 

subsidy impact

 → homeostasis



What About the Present?
Do Financial Markets even make sense right now? 





Location Spread

(data from FRED)



Energy Storage



Jet Fuel Price: Crack Spread



Same Tools, Different Thinking? 

The long peace of 1945-202x? Insurance not finance…



Thinking About Oil Oligopolies

• Let’s do some math!

• Let’s talk about Puiseux Series + Oil Oligopolies!!

• Work with Dr. Junhe Chen (RBC) 

• and Prof Rob Corless (gentleman of mathematical leisure)

































Conclusions
• Do economic drivers still dominate decision making around real energy assets? 

• What if a country needs to produce oil to prove what teams it’s on? 

– So, the country produces it at an economically suboptimal level?

– The math just got a lot harder

• Is “Risk is good” (finance) world transitioning to “Risk is bad” (insurance) world?

• Markets thinking still has a place

• The deck may be shuffling again as it did after 2008: new opportunities!
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