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Abstract: 

A framework is proposed for the automated superstructure generation and optimization of distributed energy 
supply systems (DESS). DESS are highly integrated systems containing a multitude of technical 
components. Thus, both the process of superstructure generation and the subsequent superstructure 
optimization are nontrivial tasks: The superstructure generation requires the designer to decide a priori which 
alternatives should be considered in the optimization, and thus bears the risk to exclude the optimum from 
consideration; the superstructure optimization then generally poses MINLP problems that are intrinsically 
difficult to solve. 

For process network synthesis (PNS) problems, the P-graph [1] based PNS framework has been developed 
for automated superstructure generation [2] and optimization [3]. Recently, the P-graph approach has been 
applied successfully to the synthesis of energy systems [4]. However, since the current PNS framework has 
been developed for synthesizing chemical plants, it does not incorporate time-varying boundary conditions 
and part-load dependent equipment performance – features that have a strong impact on the performance of 
DESS. Moreover, in case of classical PNS problems, multiplicity and redundancy are often regarded as 
shortcomings of the problem formulation [5]. The current PNS framework therefore requires manual 
manipulations to incorporate multiple redundant equipment in the superstructure. 

This paper therefore presents a framework for the automated superstructure generation and optimization of 
DESS. Based on a simple problem description (load cases, available technologies, and topological 
constraints), the framework employs the P-graph approach as an initialization step and then automatically 
extends the generated superstructure to include multiple redundant energy conversion units. Subsequently, 
the framework automatically derives the optimization model representing the generated superstructure. 
Here, a robust MILP formulation is employed accounting for time-varying load profiles, part-load dependent 
operating efficiencies, and continuous as well as discrete unit sizes. In the present implementation, a GAMS 
model [6] is generated that can be readily optimized using standard solvers.  

The presented approach is applied to the synthesis and optimization of the energy supply system of an 
industrial site. It is shown that the automated procedure provides a convenient and efficient optimization 
framework for DESS synthesis problems. 
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