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Abstract:  Water management is currently a priority in all integrated water cycle sections when a 
close relation between water and energy is considered. Wastewater treatment plants are high-energy 
consumers and, therefore, energy reduction is necessary to improve the energy footprint and to also 
reduce operating costs. This research presents a combined strategy using linear mathematical 
programming which, in turn, employs current treatment techniques with dilution through regenerated 
water at the treatment plant. The strategy used a new model that was adapted to minimise exploitation 
costs. The strategy also obtained a global solution by considering the uncertainty of the different 
variables, which are included in the treatment process. This uncertainty was considered by fuzzy goal 
programming, which allowed water managers to optimise treatment according to energy costs, 
contaminant loads, and the inlet and outlet concentrations. A mathematical tool was applied to a real 
case study located in a township in the province of Alicante (Spain). The solution showed a 49.47% 
reduction in economic cost when comparing the optimised solution to the deterministic solution. This 
energy reduction was 803 GWh/year and the theoretical reduction of greenhouse emissions was 586.2 
tCO2/year. 

Keywords: Fuzzy goal programming; water management; wastewater treatment; combined strategy 
 

 

Table 1 List of acronyms  

BOD 

DM 

Biological oxygen demand 

Decision maker 

FGP Fuzzy goal programming 

FMOMILP Fuzzy multiobjective mixed integer linear programming 

MILP Mixed integer linear programming 

MIP Mixed integer programming 

MOMILP Multiobjective mixed integer linear programming 

UV Ultraviolet 

WWTP Wastewater treatment plant 

 

1 Introduction  

Sustainability is a well-known concept that focuses on reducing inputs in different processes to reduce 
the use of non-renewable resources and emissions. Sustainability criteria are related in environmental, 
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