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Highlights 

 A multi-season and multi-period stage-wise superstructure model is proposed 
 Model integrates renewable and non-renewable energy into process heat demand  
 Gives best combination of utilities based on economics and environmental impact 

   

 

Abstract  

This paper presents a further development of synthesis methods that considers economics and environmental 
impact in the integration of renewable energy into the optimisation of heat exchanger networks involving multiple 
periods of operations and multiple options of utilities. The multi-period process stream parameters, and those of 
the utility sources are integrated in a systematic approach using an expanded version of the simplified stage-wise 
superstructure multi-period model. Two examples were used to demonstrate the benefits of the expanded 
synthesis method and the quality of solutions obtained were judged by representation on a Pareto curve and by 
the use of a modified goal solution method. It was found that various combinations of utility sources were selected 
for use at various periods/seasons of operations, while utilities from solar photovoltaic were not selected for use at 
any of the periods/season of operation due to its relatively high cost and limited periods of availability.  

Nomenclature 

Abbreviations 

ACI  Area cost index 

AF  Annualisation factor 

EI  Environmental impact  

EMAT  Exchanger minimum approach temperature 

HENS  Heat exchanger network synthesis  

LP  Linear programming 

MILP  Mixed integer linear programming 

MINLP  Mixed integer non-linear programming 

NOP  Number of periods 

NOS  Number of seasons 

SWS   Stage-wise superstructure 
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