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Motivation



Energy systems are diverse...

4

as are people’s interests!

Sectors

Size & scope

Technologies

Sources & carriers

Reliable

Climate-friendly

Cheap

Sustainable
Self-sufficient

Comfortable

Can we implement a multi-objective energy system model suitable for this

diversity of

systems and objectives?



Implementation



Energy system optimisation framework Backbone
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Helistö et al., Backbone – An Adaptable Energy Systems Modelling Framework, Energies 2019. See also https://gitlab.vtt.fi/backbone/backbone. 

%

https://gitlab.vtt.fi/backbone/backbone


What is Pareto optimality?
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Feasible
solutionsPareto

front
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f₂

Pareto-optimal
solutions

Non-optimal
solutionInfeasible

solutions



Augmented epsilon-constraint method (AUGMECON)
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Mavrotas, Effective implementation of the epsilon-constraint method in Multi-Objective Mathematical Programming 
problems, Applied Mathematics and Computation 2009.

Pareto-optimal
solutions

Pareto front
boundaries

f₁

f₂

Constraints / Caps

Parallelisation in Step 3!

Implementation openly available at:
https://gitlab.vtt.fi/backbone/backbone and
https://gitlab.ruhr-uni-bochum.de/ee/backbone-tools

https://gitlab.vtt.fi/backbone/backbone
https://gitlab.ruhr-uni-bochum.de/ee/backbone-tools


Case studies



1. Multi-national power system
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Finke and Bertsch, Implementing a highly adaptable method for the multi-objective optimisation of energy systems, 
Submitted to Applied Energy.



2. Sector-coupled single building (with integers)
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Finke and Bertsch, Implementing a highly adaptable method for the multi-objective optimisation of energy systems, 
Submitted to Applied Energy.

No. of invested heat pumps

0
1

2

3

High marginals due to
battery investments



3. Commercial buildings with heating network
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Data on commercial buldings based on Lehrstuhl für Energiesyteme und Energiewirtschaft, Machbarkeitsstudie: 
Wärmeversorgung mehrerer Bestandsliegenschaften in der Gemeinde Gödenroth mit “Kalter Nahwärme”, September 
2021.
Nowak, Finke and Bertsch, Multi-objective energy system modelling to defossilise the existing commercial building stock of 
a municipality, Work in progress.



          

 

  

  

  

  

   

              

   

      

   

      

   

      

                

 
 
 
  
 
 

4. Endogenous temperature and thermal comfort
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Building model and leftmost figure based on Huckebrink and Bertsch, Decarbonising the residential heating sector: A 
techno-economic assessment of selected technologies, Energy 2022.

Huckebrink, Finke and Bertsch, Optimisation of costs, carbon emissions and thermal comfort in a building-level energy 
system model, Work in progress.

Percentage of people 
dissatisfied [%]



Conclusion & outlook



Backbone + AUGMECON =
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Multi-objective energy system model

suitable for diversity of

systems and

Objectives are too many, cannot be modelled or are unknown?

Modelling to Generate Alternatives (MGA)

Sectors
Size & scope

Technologies Sources & carriers

Climate-friendly

Cheap

Self-sufficient

Comfortableobjectives.



Thank you for your attention!
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