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western Libya. The study aims to improve voltage profile and reduce active
Keywords: power losses through the proper integration of distributed PV generation.
Distributed Generation The electrical network was modeled using NEPLAN software based on real
Photovoltaic (PV) Systems grid data obtained from the General Electricity Company of Libya (GECOL),
Voltage Profile while the PV system was designed and simulated using PVsyst according to
Power Losses local solar irradiation and temperature conditions. Two operating
Renewable Energy scenarios were evaluated: the base case without PV generation and the case

with the integrated 5 MW PV system. Load-flow analysis was performed
under peak demand conditions to assess network performance in terms of
bus voltage profile and total active power losses. The simulation results
demonstrated a significant improvement in voltage profile after PV
integration, where the minimum bus voltage increased from 85.1% to
95.3%. In addition, total active power losses decreased from 1.209 MW to
0.93 MW, representing a reduction of approximately 23%. Furthermore,
the proposed PV system contributes to reducing carbon dioxide (CO;)
emissions through clean energy generation, highlighting its environmental
benefits. The findings confirm that distributed PV integration can
effectively enhance voltage regulation, minimize network losses, and
support sustainable energy development in Libya’s medium-voltage power

networks.
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1 Introduction

The increasing global demand for electrical energy, combined with growing environmental
concerns and the depletion of fossil fuel resources, has accelerated the transition toward
renewable energy technologies. Among the available renewable energy sources, photovoltaic (PV)
systems have emerged as one of the most promising solutions due to their clean energy
production, modular structure, and decreasing installation costs [1], [2].

In recent years, distributed generation (DG) has received considerable attention as an effective
approach for improving the operational performance of electrical distribution and sub-
transmission networks. Proper integration of distributed PV systems can contribute to voltage
profile enhancement, reduction of active power losses, improvement of network efficiency, and
mitigation of greenhouse gas emissions [3], [4].

The Libyan electrical power system continues to face several technical challenges, including
voltage instability, high transmission losses, increasing load demand, and aging infrastructure.
These challenges are more noticeable in inland regions located far from major generation stations.
The Gharyan 66 kV sub-transmission network represents an important part of the electrical
infrastructure in western Libya and frequently experiences voltage drop problems and increased
active power losses during peak loading conditions [5].

Libya possesses significant solar energy potential due to its geographical location and high solar
irradiation levels throughout the year. According to several studies and international energy
reports, Libya is considered one of the most suitable regions in North Africa for large-scale solar
energy applications [6]. Therefore, integrating distributed PV systems into medium-voltage
networks can provide both technical and environmental benefits while supporting sustainable
energy development.

Several previous studies have investigated the impact of distributed generation on electrical
network performance. Most of these studies reported that optimal placement and sizing of DG
units can significantly improve voltage stability and reduce network losses [7], [8]. However,
limited studies have focused on medium-voltage sub-transmission networks in Libya using real
network data and realistic PV generation models.

This study investigates the impact of integrating a 5 MW photovoltaic distributed generation unit
into the Gharyan 66 kV sub-transmission network using NEPLAN and PVsyst software tools. The
study evaluates the effect of PV integration on voltage profile improvement and active power loss
reduction under peak demand conditions. In addition, the environmental impact of PV integration
is assessed in terms of reducing carbon dioxide (CO,) emissions through clean energy generation.
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2 Materials and Methods

2.1 Study Network Description

The present study was conducted on the Gharyan 66 kV sub-transmission network located in
western Libya. The selected network represents an important part of the regional electrical
infrastructure and supplies power to several residential, commercial, and public service loads
within the Gharyan area.

The network consists of multiple buses, transmission lines, transformers, and interconnected load
centers operating under medium-voltage conditions. Due to the increasing electricity demand and
the long distances between generation sources and load centers, the network experiences
noticeable voltage drop problems and relatively high active power losses, especially during peak
loading periods.

Real operational data of the network, including line parameters, bus data, transformer ratings,
and load values, were obtained from the General Electricity Company of Libya (GECOL). These
data were used to develop a realistic simulation model for load-flow analysis and network
performance evaluation.

A single-line diagram of the studied Gharyan 66 kV network is illustrated in Figure 1. The network
was selected as a practical case study to evaluate the impact of distributed photovoltaic
integration on voltage profile improvement and active power loss reduction under actual
operating conditions.
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Figure 1. Single-line diagram of the Gharyan 66 KV electrical distribution network.
2.2 PV System Design Using PVsyst

The photovoltaic (PV) system considered in this study was designed and analyzed using PVsyst
software, which is widely used for photovoltaic system sizing, performance analysis, and energy
yield estimation [9]. The proposed PV plant was designed with a total installed capacity of 5 MW
to support the studied 66 kV distribution network.
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The PV system design was based on solar irradiation and meteorological data corresponding to
the western region of Libya. Libya is characterized by high solar irradiation levels throughout the
year, making photovoltaic energy one of the most suitable renewable energy resources for
electrical power generation.

The designed PV system included photovoltaic modules, inverters, and associated electrical
components. Appropriate design parameters such as module orientation, tilt angle, and inverter
sizing were selected to maximize annual energy production and improve overall system
performance under local environmental conditions.

The annual energy production and system performance indicators obtained from PVsyst were
used as input data for evaluating the impact of distributed PV integration on the electrical
network. The monthly energy generation profile obtained from the PVsyst simulation is
illustrated in Figure 2.
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Figure 2. Monthly energy generation profile from PVsyst simulation.
2.3 2.3 Network Modeling Using NEPLAN

The Gharyan 66 kV electrical network was modeled and analyzed using NEPLAN software, which
is widely utilized for electrical power system analysis, load-flow calculations, and network
performance evaluation [10].

The developed network model included buses, transmission lines, transformers, and connected
load centers based on actual operational data obtained from the General Electricity Company of
Libya (GECOL). Load-flow analysis was performed to evaluate the operational condition of the
network before and after integrating the distributed PV generation system.
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The load-flow calculations focused on analyzing bus voltage profiles and total active power losses
under peak loading conditions. The simulation results obtained from NEPLAN were used to assess
the technical effectiveness of the proposed PV integration in improving network performance and
reducing system losses.

The distributed PV system was connected to the selected bus within the network according to the
proposed integration scenario. Figure 3 illustrates the NEPLAN model of the studied electrical
network.

Figure 3. NEPLAN model of the studied 66 kV network with integrated PV generation.
2.4 Simulation Scenarios

Two operating scenarios were considered in this study in order to evaluate the impact of
distributed photovoltaic integration on the performance of the Gharyan 66 kV network.

The first scenario represents the base case of the electrical network without photovoltaic
generation. This case was analyzed to determine the initial operating condition of the network,
including voltage profile and active power losses under peak loading conditions.

The second scenario represents the network after integrating a 5 MW distributed photovoltaic
system at the selected bus within the network. The proposed PV integration was evaluated using
load-flow analysis to investigate its impact on voltage profile improvement and reduction of active
power losses.
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The comparison between both scenarios was carried out using the same loading conditions in
order to ensure accurate assessment of the technical benefits achieved through distributed PV
integration.

2.5 Performance Evaluation

The performance of the studied electrical network was evaluated based on several technical
indicators before and after integrating the distributed PV system.

The primary evaluation criterion was the voltage profile of network buses, where the voltage
levels were analyzed to determine the effectiveness of the proposed PV system in improving
voltage regulation and maintaining acceptable operating limits.

In addition, total active power losses within the network were calculated and compared for both
operating scenarios. The reduction in active power losses was used as an indicator of network
efficiency improvement resulting from distributed generation integration.

Furthermore, the environmental impact of the proposed PV system was evaluated through
estimating the reduction in carbon dioxide (CO,) emissions achieved by replacing part of the
conventional fossil-fuel-based electrical generation with clean solar energy.

3 Results
3.1 Case 1: Base Case without PV Integration

The first simulation scenario represents the original operating condition of the Gharyan 66 kV
network without distributed photovoltaic generation. Load-flow analysis was performed using
NEPLAN software under peak loading conditions in order to evaluate the voltage profile and
active power losses of the network.

The simulation results indicated noticeable voltage drop problems at several buses within the
network. The minimum bus voltage reached approximately 85.1%, which is below the acceptable
operating limits for reliable electrical network operation. In addition, the total active power losses
in the network were approximately 1.209 MW.

These results confirm that the studied network experiences operational challenges associated
with voltage regulation and transmission losses, particularly during periods of high load demand.

3.2 Case 2: Network with 5 MW PV Integration

The second simulation scenario was carried out after integrating a 5 MW distributed photovoltaic
system into the selected bus of the Gharyan 66 kV network. The purpose of this case study was to
evaluate the technical impact of distributed PV generation on network performance.

The load-flow analysis results showed a significant improvement in the voltage profile after PV
integration. The minimum bus voltage increased from 85.1% to approximately 95.3%, indicating
enhanced voltage regulation and improved network operating conditions.

Furthermore, the total active power losses decreased from 1.209 MW to approximately 0.93 MW,

representing a reduction of nearly 23%. This reduction was mainly caused by decreasing the
power transmitted through the network lines due to local generation support near load centers.

The monthly energy generation profile obtained from PVsyst simulation demonstrated the
capability of the proposed PV system to produce clean electrical energy throughout the year.

3.3 Comparison of Results

A comparison between the two studied cases clearly demonstrates the positive technical impact
of distributed photovoltaic integration on the Gharyan 66 kV network.

The integration of the 5 MW PV system improved the voltage profile across the network buses
and significantly reduced the active power losses under peak demand conditions. The local
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generation provided by the distributed PV system contributed to reducing line loading and

improving the overall operational efficiency of the electrical network.

Figure 4 illustrates the voltage profile comparison before and after PV integration, while Figure 5
presents the reduction in active power losses achieved by the proposed distributed generation

system.
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Figure 4. Voltage profile comparison for Case 1 and Case 2
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Figure 5. Comparison of total active power losses
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4 Discussion

The obtained results confirm that distributed photovoltaic integration can provide substantial
technical benefits for medium-voltage electrical networks, especially in regions characterized by
high solar energy potential, such as Libya.

The improvement in voltage profile observed in the second simulation case is mainly attributed
to the local injection of active power near load centers. This reduced the dependency on distant
conventional generation sources and minimized voltage drops along transmission lines. As a
result, the network operated within more acceptable voltage limits after PV integration.

Similarly, the reduction in active power losses can be explained by the decrease in line currents
resulting from local power generation. Since electrical losses are directly related to line current
magnitude, reducing transmitted power through the network contributes significantly to
improving system efficiency and lowering losses.

In addition to the technical improvements, the proposed PV system provides important
environmental advantages through clean energy generation and reduction of carbon dioxide
(CO,) emissions. This supports future renewable energy development strategies and contributes
to reducing dependence on fossil-fuel-based electricity generation in Libya.

The study findings are consistent with several previous studies reported in the literature, which
demonstrated that properly integrated distributed generation systems can improve voltage
regulation and reduce network losses in medium-voltage electrical networks.

Overall, the results demonstrate that distributed photovoltaic integration represents an effective
and practical solution for improving the operational performance, efficiency, and sustainability of
Libya’s electrical power networks.

5 Conclusion

This study investigated the impact of integrating a 5 MW distributed photovoltaic generation
system into the Gharyan 66 kV sub-transmission network using NEPLAN and PVsyst software
tools. The study focused on evaluating the effect of distributed PV integration on voltage profile
improvement, active power loss reduction, and environmental performance under peak loading
conditions.

The simulation results demonstrated a clear improvement in the network voltage profile after
integrating the proposed PV system. The minimum voltage level increased from 85.1% to 95.3%,
indicating enhanced voltage regulation and improved network operational stability. In addition,
total active power losses decreased from 1.209 MW to 0.93 MW, representing a reduction of
approximately 23%.

The study also confirmed the environmental benefits of photovoltaic integration through reducing
carbon dioxide (CO.) emissions and supporting clean energy generation. These findings highlight
the potential role of distributed photovoltaic systems in improving the performance and
sustainability of medium-voltage electrical networks in Libya.

Based on the obtained results, distributed PV integration can be considered an effective technical
solution for improving the voltage profile, reducing network losses, and supporting future
renewable energy expansion within the Libyan power system.
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