
TIMES pre-training session

Energy system modelling



What are energy system models?

• Mathematical representations of the energy system landscape that provide 
insights about system dynamics and behavior

• Built using multidisciplinary concepts and theoretical frameworks,
▪ Engineering, climate science
▪ Economics
▪ Operations research

• Different models have different purposes
▪ Simulation vs optimization
▪ Detailed energy system vs partial energy detail

▪ All models require,
▪ Model generator + Solver + Interface for data handling
▪ Exogenous inputs: demand, supply, policy



Classification of energy system models (1)
SIMULATION MODELS OPTIMIZATION MODELS

Approach
• Mimics the system
• Assesses effects of specific actions 

applied to the system → “response”
• Modellers take some decisions 

exogenously
• Offers most likely outcomes

Usage
• Previsions
• Business-as-usual scenarios

Approach
• Finds least-cost “optimal” solution for a 

system under specific constraints
• Can be used to find best actions to be 

taken to meet targets, 
      endogenously
• Offers ideal outcomes

Usage
• Projections
• Energy transition scenarios

Examples: LEAP, PRIMES, EPS Examples: TIMES, OSeMOSYS, TEMOA



Classification of energy system models (2)

TOP-DOWN MODELS

Approach
Macro-economic 

Model type
Aggregated model with 
aggregated economic 
variables & partially detailed 
energy sector

Examples
EPPA, GEM-E3, GEMINI-E3, 
E3ME

BOTTOM-UP MODELS

Approach
Techno-economic 

Model type
Disaggregated model with 
detailed energy sector 
breakdown & partially 
detailed economy

Examples
TIMES, MESSAGE, TEMOA, 
OSeMOSYS, LEAP, PAMS

HYBRID MODELS

Approach
Macro-economic
Techno-economic 

Model type
Hybrid model with economic 
variables & energy sector 
breakdown

Examples
MERGE, MARKAL-MACRO, 
SCREEN



Integration

Competition

Insights

State of the 
art

Why use energy system optimization models like 
TIMES?

Considers multi-sector, multi-fuel systems with policy objectives, and informs 
dialog on mitigation options (e.g. on system-wide GHG emission reduction)

Analyzes technologies on a level playing field, and ranks them based on dynamic 
cost-benefit analyses

Informs policy and investment decisions to design energy systems in line with 
3E principles; identifies research and development priorities

Evolves energy system design in line with technological, economic and policy 
attributes for long-term feasibility

Interactions Assesses policy impacts across the economy by linking to macro-economic 
models

Robustness Explores future uncertainties, and identifies robust strategies for practical 
implementation



Thank you!
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