
TIMES pre-training session

Energy system analysis



• Energy planning is getting more complex in current times
▪ Evolving system scale and demand
▪ Increasingly high number of potential pathways to be evaluated

• Widening net of goals to be achieved,
▪ Low-carbon/net-zero emissions
▪ Sustainable development
▪ Resilience to adverse events
▪ Energy security

• Guides decision-making for energy policy,
▪ Short-term actions to be taken for no-/least-regret futures
▪ Investment, scale-up/down actions
▪ R&D directions

Need for energy system models

How to achieve the best 
energy plan?

Energy system 
modelling

Optimization



The “systems” approach to energy

• Energy as a system vs a set of elements
• Systems thinking allows for modelling and understanding interactions 

between different processes
• Example: Modelling the electricity sector as a standalone vs as a part of a 

multi-sector system
▪ Standalone does not account for varying electricity demands because of other sectors’ 

consumption fluctuations

• Real energy systems are complex multi-sector, multi-regional, multi-
technology systems
▪ Policy impacts may cause far-reaching dynamic shifts which are necessary to evaluate 

for sustainable development  



Energy technologies form energy systems

• IPCC definition: “system [that] comprises all components related to the 
production, conversion, delivery, and use of energy”

Supply Demand

PRODUCTION TRANSFORMATION TRANSMISSION DISTRIBUTION USAGE



Energy systems comprises processes & commodities

• A process “does the work” to transform inputs to outputs
• Also referred to as a “technology”

• A commodity is the quantity consumed/produced by a process
• Typically, energy/material flows
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Produced  and 
consumed by 

multiple processes

Produced  and 
consumed by 

multiple processes



Many processes can produce the same commodity

• Competition nodes are a key feature of energy systems

Space heating

Electric heater

Natural gas furnace

Propane boiler

Wood burning stove

What is the optimal mix of 
processes to meet required 
space heating demand?

What is the best use of 
energy in the system to 
meet demand?



Thank you!
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