


Flexibility assessment in integrated assessment models

• Main challenge: integrate flexibility contraints into low time-resolution models

• Should be expressed by a simple equation

• Focus on high shares of renewables
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Dispa-SET Model

IAMs, Medeas

?



The Dispa-SET model
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Dispa-SET 2.3: unit commitment and dispatch model
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• Formulated as a tight and compact mixed integer program (MILP)
• Implemented in Python and GAMS, solved with CPLEX
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Dispa-SET in a nutshell

What Dispa-SET is:

• A unit commitment and dispatch model of the European power system

• Two successive optimizations:

• Mid-term scheduling of power stations

• Short-term unit commitment (rolling horizon)

• Probabilistic assessment of system adequacy and flexibility needs of power 
systems, with growing share of renewable energy generation

• Easily “pluggable” to the outputs of long-term planning models

What Dispa-SET is not:

• An expansion planning model

• Only operational costs are optimized

• No investments
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Dispa-SET 2.3: System structure & technology overview in a single node
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• Sector coupling options: P2H, P2V, P2P…



Dispa-SET 2.1: typical outputs



The Medeas model



The MEDEAS models

System dynamics and EROI

Source: Sterman, 2000



MEDEAS vs. classic IAM models



MEDEAS limitation: calculating excess energy



Excess energy calculation in 
Dispa-SET



MEDEAS limitation: calculating excess energy

• Excess energy appears when increasing the VRE penetration

1323 May 2022

Peak load: 11 GW

VRE: 2.6 GW
7% of demand

VRE: 23 GW
49% of demand



MEDEAS limitation: calculating excess energy

• Effect of the generation fleet flexibility
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Increasing power plant flexibility

• Effect of the generation fleet flexibility
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MEDEAS limitation: calculating excess energy

• Effect of the storage capacity
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Power: 1.3 GW
Capacity: 4.5h



MEDEAS limitation: calculating excess energy

• Effect of the storage capacity
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Power: 4 GW
Capacity: 4.5h



MEDEAS limitation: calculating excess energy

• Effect of the storage capacity
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Power: 6.3 GW
Capacity: 4.5h



MEDEAS limitation: calculating excess energy

• Effect of the wind/solar share
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MEDEAS limitation: calculating excess energy

• Effect of the wind/solar share
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MEDEAS limitation: calculating excess energy

• Effect of the wind/solar share
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MEDEAS limitation: calculating excess energy

• Effect of the wind/solar share
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MEDEAS limitation: calculating excess energy

• Effect of the wind/solar share
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Linking models



Linking models

• Soft-linking:

• Run both models iteratively

• Convergence not ensured

• Low computational efficiency

• Hard-linking

• Connect the variables of the model

• Solve in a single run

• Lower computational tractability

• Not applicable to models with diverging formulations

• Proposed method: surrogate models

• Running the most detailed model over a large range of inputs

• Train a surrogate model over this dataset

• Implement into the least-detailed models

Bidirectional soft-linking between UCED and ESOM models. Source: 
Pavicevic et al, 2022
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Input parameters of 
the simulations:
• Thermal capacity margin
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likely response 

surface
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Direct 
implementation 

in MEDEAS



Regression results (examples)
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Conclusions

• A methodology has been defined to extract simplified flexibility constraints from a 
large number of runs from a power system model

• Demonstrated for the excess power, but also used to limit the dispatch of baseload 
generation

• Could be an alternative to soft or hard-linking, or to the increase of the simulation 
time-resolution

• Work in progress! Future work will focus on:
• Implementation and extensive testing in the MEDEAS model

• Robustness of the approach in other conditions

• All methods and models are released as open-source

http://www.dispaset.eu





JRC-EU-TIMES Variable Renewable Energy (VRE)

• Parametrization based on 
detailed analysis outside JRC-EU-
TIMES

• Applied to all timeslices



Excess energy characterization

• Focus on high shares of renewables

• Approach:

1. Simulation of the power system

2. Identification of the curtailed energy

3. Express the curtailed amount as a 
function of the power system 
characteristics
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Dispa-SET 2.3


