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Introduction:

Water distribution networks in arid regions, like Iran, face significant challenges including water scarcity and
leakage management, necessitating efficient network strategies. Advances in multi-objective evolutionary
algorithms offer new optimization methods, but the applicability of these algorithms, particularly AGE-MOEA,
in real-world contexts has not been thoroughly evaluated. This study introduces a two-phase framework
combining hydraulic simulation and evolutionary optimization to assess various algorithms’ performance and
practical feasibility in water distribution systems.

Materials and Methods:

This study created an integrated framework that combines hydraulic simulation and multi-objective
evolutionary optimization for three water distribution networks: the Hanoi benchmark, the Balerma irrigation
network, and the real Poldokhtar western zone network. Hydraulic models were built using WaterGEMS and
adapted to EPANET 2.2 format, with pressure-driven analysis conducted via the WNTR library. The
Poldokhtar model was calibrated against real-world measurements, achieving satisfactory results despite
limitations in sensor deployment. Three evolutionary algorithms—NSGA-1I, MOEA/D, and AGE-MOEA—
were implemented using the DEAP library with a set computational budget for optimizing pipe diameters and
pressure schedules. Performance was assessed based on Hypervolume and Inverted Generational Distance
metrics, with the aim of minimizing costs and pressure-related penalties across the networks.

Results and Discussions:

Performance evaluation across three water distribution networks demonstrated distinct behaviors among the
algorithms used. On the Hanoi network, NSGA-II delivered the only fully feasible solution with zero pressure
deviation and superior navigation of hydraulic constraints, while AGE-MOEA excelled in Pareto front quality.
In the larger Balerma network, AGE-MOEA again showed quantitative superiority, contrasting with MOEA/D,
which struggled in high-dimensional design spaces. The Poldokhtar analysis revealed AGE-MOEA’s
dominance in achieving lower excess pressures for similar hydraulic penalties, while NSGA-II offered better
solution diversity. Hypervolume convergence indicated MOEA/D had the highest cumulative HV, showcasing
deep convergence but weaker overall Pareto front coverage. Ultimately, the study highlighted that algorithm
selection must consider operational stability and practical applicability; AGE-MOEA is best for coverage,
NSGA-II for feasibility, and MOEA/D for stable valve settings..

Conclusion:

This study evaluated NSGA-II, MOEA/D, and AGE-MOEA for optimizing water distribution networks
using a WaterGEMS-EPANET-Python framework. AGE-MOEA excelled in Pareto front coverage for large-
scale networks, while NSGA-I1 performed best for constraint-heavy problems needing feasible solutions;
MOEA/D produced stable PRV scheduling patterns despite weaker diversity. Algorithm selection should
depend on priorities: AGE-MOEA for Pareto quality, NSGA-II for constraint satisfaction, and MOEA/D for
operational stability, with future research suggesting the need for pressure-leakage modeling for leakage
reduction.
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