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 Minimization of total system cost, CO2 emissions, or net 

energy import, with technical & user-defined constraints

 Methodology: Mixed-integer linear programming (MILP)

min
𝑥𝑖𝜖ℝ,𝑥𝑗𝜖{0;1}

𝑐𝑇𝑥| 𝐴𝑥 ≤ 𝑏, 𝑥 ≥ 0

 ~ 2.5m equations, 1.5m variables, 7k binaries

 fix-and-relax temporal decomposition method can be applied

Results include:

 Required investments for energy generation & use

 Optimal degree of renewable energy utilization

 Reasonable technology combinations

 Development of costs, emissions, energy import 

and primary energy consumption for different 

emission reduction and cost scenarios

Techno-economical optimization of the urban energy system

Contact: kai.mainzer@kit.edu

Detailed scenario results
investment decisions, unit commitment, costs, emissions, …

 Explore Trade-offs:

E.g. significant emission reduction can be 

achieved with only minor increase in costs
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Scenarios:
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 The exact potential, the costs and 

which alternatives are best suited is 

unknown or expensive to assess

 Potential for renewable energies and 

energy efficiency improvement in cities

 Cities pursue sustainability goals

 Energy concepts are required

vs.

yield:  ? kWh/a

cost:   ? €

 System complexity due to interactions between 

different technologies, buildings and sectors

 Techno-economic evaluation of individual and 

combined measures necessary

Motivation
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Transferable methods for the analysis of urban energy systems
The RE³ASON* model enables 

automated analysis of:

 Infrastructure,

 building stock,

 electric

 and heat demand.

In addition, the costs and 

potentials for local 

renewable energies can 

be calculated using an 

integrated GIS:

 wind power

 photovoltaics

 biomass
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*RE³ASON: Renewable Energies and Energy Efficiency Analysis and System OptimizatioN
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