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Electric vehicle battery chargers have power electronic transformers, which causes significant distortions in
electrical energy obtained from distribution system and numerous issues with power quality. This paper presents
a hybrid method for optimizing energy quality and placement of Electric VehicleCharging Stations (EVCS) with
Photovoltaic with Battery Energy Storage System (PV-BESS) in DC grids. The proposed method combines Doll-
maker Optimization Algorithm (DOA) and Contrastive Hyper graph Neural network (CHGNN), referred as DOA-
CHGNN technique. The primary goal of proposed strategy is to reduce voltage drop, Total Harmonic Distortion
(THD) and increase system’s efficiency. The DOA method is used to enhance assignment of EVCS in delivery
system. The CHGNN method is utilized to predict the EV load. The MATLAB environment is used to assess and
compare the proposed method with other existing techniques. The proposed approach determines betterfindings
compared to existing methods like Jellyfish Search Algorithm (JSA), Hybridized Whale Particle Swarm Opti-
mization (HWPSO) and Deep Neural Network (DNN). The proposed methods achieves a THD of 0.9 %, Total cost
of 5,520,000%, the execution time of 0.41 s and an efficiency of 98 %.The proposed DOA-CHGNN method
outperforms existing techniques, achieving improved THD, higher efficiency, and lower costs in optimizing EVCS
placement with PV-BESS in DC grids.

the vehicle to move [4]. Technology in the EV industry is developing at a
rapid pace due to improvements in battery efficiency, faster charging,
and overall performance [5-7]. The substantial expenditures that
manufacturers are making in EV autonomous driving technologies are

1. Introduction

a) Background

EVs have lately gained significant international attention due to their
energy-efficient operation, environmental advantages, and incredible
technical advancements [1]. Unlike traditional ICE cars, which power
their engines with petrol or diesel, EVs use electricity stored in
rechargeable batteries [2]. The automotive industry, the energy sector,
and the environment are all significantly impacted by this development
in propulsion technology. EVs are a paradigm change in the trans-
portation sector because they work on the basic principle of using
electricity to power an electric motor that turns the wheels of the vehicle
[3]. The enormous battery pack that stores this power may be recharged
in a number of places, including homes and public spaces. The motor
efficiently converts electrical energy into mechanical power, allowing
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ushering in a new era of mobility [8].
b) Literature Review

In literature, many research works were available based on EV
charging stations and ideal assignment in delivery system using various
methodsand aspects. Few of them were reviews were followed,

Nandini et al., [9] have developed a hybrid optimization paired with
solar photovoltaic technology to assess grid reliance and energy quality
for EV charging stations. Using a HWPSO method and fire hawk opti-
mization technique, the index voltage imbalance factor, voltage devia-
tion, and grid dependence for charging electric vehicle capacity were
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Table 2

Performance comparison of efficiency with recent techniques.
Solution Techniques Efficiency (%)
CHHO [11] 79
SHOA [12] 84
MMOSSA [15] 87
Proposed method 98

Table 1 displays the comparison of THD, cost, and execution time
with proposed and existing method. The proposed method achieves a
THD of 0.9 %, a cost of 5520,000$, and an execution time of 0.41 s,
providing a more cost-effective solution with better power quality and
faster performance.The performance comparison of efficiency with
recent techniques is shown in Table 2. The table compares efficiency
across different methods: CHHO [11] achieves 79 %, SHOA [12] of 84
%, and MMOSSA [15] of 87 %. The proposed method outperforms all,
achieving 98 % efficiency, and significantly enhancing performance
over recent techniques.

5. Discussion

The proposed DOA-CHGNN method significantly outperforms exist-
ing techniques in optimizing the placement of EVCS in DC grids inte-
grated with PV-BESS. It achieves a remarkable THD of 0.9 %, lowers the
total cost to 5520,000$, and completes the optimization in just 0.41 s,
demonstrating superior performance compared to methods like HWPSO
a THD of 4.32 %, cost of 7440,000$, execution time of 2.7 s, JSA as THD
of 2.08 %, cost of 6240,000%, execution time of 1.5 s, and DNN as THD of
1.43 %, cost of 5760,000$, the execution time of 0 .9s. The results
further highlight that placing charging stations closer to the main feeder
minimizes voltage loss and THD, with strategic placement proving
essential for maintaining powerquality. The DOA-CHGNN method offers
a robust, cost-effective, and efficient solution for optimizing EVCS
placement in smart grid systems.

6. Conclusion

This research proposes a unique DOA-CHGNN strategy for electric
car charging station location and energy quality optimization in DC
grids with PV-BESS. The combination of DOA for optimizing EVCS
placement and CHGNN for predicting the dynamic EV load results in a
significant enhancement of the system’s performance. By using the
proposed approach, lower THD and cost are achieved, along with higher
efficiency. The proposed method is accessed and contrasted with other
current approaches using the MATLAB environment. The proposed
strategy achieves the lowest THD of 0.9 %, outperforming existing
methods such as HWPSO of 4.32 %, JSA of 2.08 %, and DNN of 1.43 %,
while also achieving the highest efficiency of 98 %, surpassing recent
techniques like CHHO of 79 %, SHOA of 84 %, and MMOSSA of 87 %.
The proposed DOA-CHGNN approach proves to be a robust and efficient
solution for optimizing the overall performance of EVCS integrated with
PV and battery systems in DC grids. The future scope of this research will
focus on real-world applications, considering factors such as PV pro-
duction variation, distribution network uncertainties, and EV charging
times for optimal EVCS allocation.
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