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A novel modeling technique is presented here for the synthesis of sustainable energy supply chains 
based on the process-network synthesis (PNS) concept. The P-graph (process graph) framework 
enhanced by multi-period operations is applied for this particular PNS problem. The P-graph is both 
a representation and a methodology. The P-graph methodology was originally developed for the 
chemical industry, but it has been demonstrated by several applications that P-graphs are useful 
modeling tools in various areas including separation-network synthesis, steam supply system, 
downstream processes for biochemical production, etc. The unambiguous representation of processes 
by P-graphs and the availability of the axioms defining the combinatorially feasible structures 
facilitate the development of efficient algorithms to determine the maximal structure, the solution 
structures, and the optimal structure of a process. Until now, it is implicitly assumed that single-
period operation prevails for the operating units of the process. It means that the operating conditions 
and the load of each unit remain unchanged throughout its operation, i.e., steady-state operation is 
maintained. This assumption is usually true for large scale chemical production, but it may be false 
in for batch processes, and for agriculture and other areas where seasonal effects are important.  

The current work introduces the use of multi-period operations within the P-graph framework where 
the load of an operating unit may vary from period to period to accommodate the changing level of 
demands, but the operating conditions remain steady within each period. Subsequently, a modeling 
technique is proposed to represent operating units in the multi-period operation. The idea is to 
represent separately the physical body and the operations in each period with regular operating units. 
Surprisingly, to achieve these tasks, there is no need to dramatically change or augment the basic 
structure of the P-graph methodology, e.g., with a new type of multi-period unit. Rather the already 
available constituents are adequate. This demonstrates the generality of the P-graph framework.  

The novel modeling technique is illustrated with the simple motivational example of an apple peeler, 
and the more complex and more interesting example of sustainable energy production for the town of 
St. Margarethen in Burgeland, Austria. 
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