
TIMES pre-training session

Other features of TIMES – nonlinearity, 
foresight, and competitive markets 



Linearity in standard TIMES

▪ TIMES LP assumes linear input-output relationships
• Processes may be built at any capacity 
• No economies of scale

▪ Real-world investments consider economies of scale
• Discrete-sized technologies
• E.g., nuclear plant capacity of < 50 MW not typical

▪ For large models, linearity does not cause issues
• Large-enough scope that small capacities are unlikely

▪ If required, discrete “lumpy” capacities can be imposed
• Departs from TIMES LP – integer variables make it an MIP



▪ Is nonlinearity captured in the TIMES LP?
• Does the TIMES model scale production linearly?

▪ So, how does TIMES approximate nonlinearity in its LP formulation?
• Through piecewise linear functions

Nonlinearity approximation in the TIMES LP
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Answer: No, TIMES does not scale production linearly! This is not very realistic!



Perfect foresight in standard TIMES 
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▪ TIMES assumes perfect foresight
• All agents in the model know have a full view of the modelling 

horizon and its inputs

▪ Real-world decision-making often occurs a limited view
▪ TIMES offers ways to account for this realism
▪ Stochastic programming

• Assumes some parameters are random
• Decision-maker does not know how some parameters evolve in 

the horizon; different trajectories evaluated
• Departs from LP model; uses discrete variables

▪ Limited/myopic foresight
• Short-term view of the modelling horizon, inputs
• Time-stepped optimization



Competitive energy markets 

▪ Characterized by,
• Perfect information
• Atomic/individual economic agents

▪ Individual producers/consumers do not affect the equilibrium market price 
• Individuals do not exercise market power
• Multiple buyers/sellers available to replace others

Competitive energy market

Market price of a commodity = Marginal value/price in the economy
⇒



Thank you!

Questions?
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