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Double-objective extended reactive power optimization in distribution network with
photovoltaic-energy storage hybrid systems
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Abstract: More and more Photovoltaic-Energy Storage Hybrid Systems (PESHS) are embedded to Distribution Networks
(DNs), which has brought new resources and challenges to the optimal dispatches of DNs. The influence mechanism of
PESHS on voltage and power loss in DNs is presented in this paper, which reveals the important infulence of active and
reactive regulating capability of PESHS on voltage regulation and loss reduction for DNs. Therefore, a Double-objective
Extended Reactive Power Optimization (DERPO) model that aims at minimum power loss and voltage violation risk for DNs
with embedded PESHS is proposed. Unlike traditional reactive power optimization, the active power output of energy storage
equipment and power factor of photovoltaic units are added to control variables in this model, which enriches the essence of
reactive power optimization of DNs including power supply. Meanwhile, the genetic algorithm NSGA-II is implemented to
perform the optimization and the Pareto front of objective function can be worked out. The best compromise solution is
achieved by fuzzy method. The results of contrasting simulation between DERPO and other reactive power optimization
methods demonstrate that the proposed DERPO model can realize the coordinated optimization of active and reactive power
flow and enhance the voltage safety margin while tapping the potential for reducing loss in active DNs.
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Table 2 Optimization results of control equipments

pi AR/ AR gt J1kw HARTED) i Iy /kvar
21 22 213 2 4 45 2 6 il (=0 El E2 E3 PV1 PV2 PV3
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PR 3 1 1 1 0 1 1 0 1 430 360 60 —
i 4 1 1 1 0 1 1 0 1 320 420 -50 397 228 119
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Table 3 Objective function values of optimal solution

iR PrLoss/kW AP/% Vina/% AVI%
A 1 31.7 — 0.49 —
R 2 29.6 6.6 0.48 2.1
A 3 28.9 8.8 0.43 122
R 4 26.2 17.4 0.39 20.4
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Table 4 Objective function value of optimal solution

By oAby Pross/kW AP/% V% AVI%
M RAR B 1 31.7 — 0.49 —
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M RIS T 4 26.2 17.40 0.39 20.4
i R E A 1 322 — 0.51 —
M R T A 2 30.4 5.59 0.5 1.96
M R T 3 29.4 8.70 0.43 15.69
1 R T AR 4 26.7 17.08 0.4 21.57
BIR A 1 484 — 0.64 —
WIR AR 2 46.4 4.13 0.42 3438
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