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Radial distribution networks face challenges such as voltage drop and power losses,
which are significant concerns. The objective of reconfiguration in a distribution
network is to determine the optimal combination of switching system branches that
maximizes a specific goal function while adhering to defined limitations. This process
improves the quality of electrical power and enhances the performance of the
distribution network. This research paper presents optimal techniques for optimizing
the reconfiguration of the distribution system and the installation of DG units to
minimize active power losses and improve the bus voltage profile. These techniques
are based on technical analysis conducted using the Power System Study ADEPT (PSS
ADEPT) software in an industrial setting. The load flow calculations are performed
using technical analysis technique simulated by PSS ADEPT. The proposed methods are
evaluated in the distribution system of the 145-bus test system. Furthermore, the
distribution system model incorporates the solar DGs and load profile. The simulation
results demonstrate the effectiveness of the proposed method in reducing active
power losses and improving the system bus voltage. Additionally, it successfully
addresses the system reconfiguration problem and enhances the performance of the
distribution system. These improvements are particularly advantageous when
integrating distributed generation (DG) into the distribution network to accommodate
load growth over the next 5 years. The results confirm the effectiveness and success
of the proposed methodology in determining the most suitable placement and
dimensions of solar distributed generators (DGs) to minimize power losses and
enhance voltage profiles.

1. Introduction

The impact of global warming and environmental pollution has brought about a significant
transformation in the modern energy structure [1]. Thankfully, renewable energies and electric
vehicles (EVs) provide practical solutions for energy production and consumption [2]. The distribution
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network now incorporates various decentralized renewable generation sources like wind power (WP)
and photovoltaic power (PV), resulting in reduced network loss and improved voltage quality [3]. One
promising technology, the battery swapping station (BSS), can recharge an EV in just minutes and
contribute to the distribution network by flexibly charging and discharging stored batteries. This not
only maximizes the utilization of renewable energies but also strengthens the system's resilience
[4,5].

The increased demand for electricity has posed challenges for the power grid, leading to
difficulties in maintaining stability and reliability. As a result, the smart grid concept is shifting from
centralized generating units to distributed units located directly at load buses. These smaller units,
which are part of the distribution network and situated close to end-users, are incorporating
renewable energy sources like wind and solar. These sources are preferred in the smart grid due to
their low maintenance requirements, long lifespan, and environmental friendliness. However, their
unpredictability presents technical challenges [6-8]. To ensure system reliability and stability, it is
crucial to have reserved energy allocation. By integrating a battery energy storage system into the
distribution network, costs can be reduced, power loss can be minimized, and quick responses to
critical loads can be achieved [9,10]. This versatile system can be utilized in electric vehicles and offers
various applications, including powering different sectors, load sharing, peak shaving, and energy
storage [11-14].

The methods proposed in [15-18] aim to find the most suitable allocation of distributed
generators (DGs) and ensure optimal reconfiguration for the distribution system. These approaches
primarily focus on determining the appropriate capacities of solar distributed generators (DGs) and
analyzing their coordinated operation within a distribution network (DN). Solar DGs exhibit power
generation patterns that are unpredictable and may not align with the load demand. Therefore,
estimating DG capacities based on average or peak load demands is not feasible. To optimize DG
capacities, the method considers the timing of maximum power generation for solar and wind DGs.
However, uncertainties in power generation may cause the actual capacities of DGs to exceed the
optimized capacities. To estimate the actual capacities of DGs, the study considers the panel
generating factor for solar DGs and the efficiency of DGs. The primary objective of this research is to
minimize active power loss and voltage deviation in the DN. Network reconfiguration is another
technique employed to achieve this objective. By reconfiguring the DN, the voltage profile at bus
nodes is improved, network reliability is enhanced, and the burden on heavily loaded lines as well as
power losses are reduced [19,20].

1.2 Review of Related Work
1.2.1 Distributed Generation (DGs)

DERs have become more prevalent in electric distribution networks in the last two decades due
to affordable technology, increased customer demand for reliable electricity, and the liberalization
of the electricity market [21]. However, the integration of DERs into the distribution system can pose
challenges such as voltage rise and bidirectional power flow [22]. To tackle these challenges, there is
a need to improve the management approach of the distribution system [23]. Traditionally,
distribution systems were designed for one-way power transmission from substations to customers.
However, the high penetration of DERs has led to reverse power flows, which can create reliability
challenges that distribution system operators (DSOs) must address [24].

In the study conducted by the researchers mentioned that, the Salp Swarm Algorithm was utilized
in [25] to forecast the distribution of Distributed Generation (DG) and carry out network
reconfiguration. The main objective of this research was to minimize power loss and voltage
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fluctuations. Similarly, the researchers employed the Water cycle algorithm to identify the most
suitable network reconfiguration, DG sizing, and optimal placement in the Distribution Network (DN)
[26]. The main focus was on improving the power factor of the DG to minimize power loss.
Conversely, concentrated on a multi-objective management process that involved the simultaneous
operation of network reconfiguration, placement of renewable DG, and optimal sizing to decrease
power loss, total annual investment cost, and polluting gas emissions [27]. To tackle this challenge, a
practical genetic approach based on the Pareto Evolutionary Algorithm was utilized. Moreover,
employed the genetic algorithm approach to optimize the DG location, followed by network
reconfiguration, while considering the P and PQV bus in the DN [28].

1.2.2 Distribution Network Reconfiguration (DNR)

NR is commonly used for minimizing losses, improving voltage profiles, balancing loads, and
enhancing reliability. The achievement of NR involves altering the status of switches that connect or
disconnect branches, with the aim of improving system reliability [29,30]. A methodology was
presented for evaluating the optimal network configuration after a failure [31]. An algebraic model
was proposed in [32] to assess the reliability of the DS, while Tabares et al., [33] introduced a
multistage analytical model that considers network reliability for network expansion. [34] proposed
a mathematical model for planning the expansion of multistage distribution networks, considering
reliability. Additionally, [35] described a method for optimizing the reconfiguration of distribution
networks to enhance reliability and network performance. The modifications in existing reliability
indices have been brought about by the redefinition of failure rates in the context of underground
feeders. An instance of this can be seen in the Deep-Learning (DQL) approach suggested by [36],
which focuses on effectively tackling the reconfiguration issue while considering the reliability factor
in the presence of distributed generators (DG). Furthermore, [37] presented a method for planning
multi-period reconfiguration in distribution networks that incorporate remotely controlled and
supervised switches, commonly referred to as automated switches.

To recapitulate the study proposed to address the research gap mentioned earlier, the
significance of this research can be summarized as follows:

i The PSS ADEPT software is used with technical analysis to determine the most suitable
locations for DGs.
ii. The network reconfiguration method is implemented with the objective of enhancing the
voltage profile and minimizing power losses in the DN.
iii. Five (5) years trending of load growth will be considered in this study with adjustment of
DGs penetration so that the system can optimize voltage profile and reduce real power
losses.

2. Methodology

This research concentrated on the technical performance of the distribution network and does
not consider complex factors like environmental and economic issues that could complicate the
models. By narrowing the focus, the study aims to maintain clarity and highlight technical efficiency.
It may have been difficult to find or measure data on environmental and economic aspects, which is
why the emphasis is on technical metrics. The intended audience is likely technical professionals or
engineers, leading to a focus on technical details instead of broader sustainability or economic topics.
Although environmental and economic factors may have become more significant recently, the
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researchers might not have been aware of these changes during their study. The assumption is that
improving technical performance will also enhance environmental and economic results, so these
areas are not explicitly discussed.

The main focus of this section is to present the research framework that outlines the overall
procedure of this study. To carry out the simulation, the research utilizes the Power System Study
(PSS ADEPT) software [38]. The comprehensive research framework is divided into three sections, as
shown in flowchart Figure 1. The first part of the process involves the modelling of the practical 145-
bus radial distribution system with the standard load. Following this, the backward-forward load flow
analysis is utilized to determine the voltage and current levels at all buses and lines. Moving forward,
the second section focuses on the placement and sizing of Distributed Generation (DG) that will have
an impact on the load side of the distribution system. Finally, the third section concentrates on the
reconfiguration of the distribution network to identify the optimal placement of switches, taking into
account the projected load growth for the next five years. This reconfiguration aims to improve the
voltage profile and reduce active power losses in the distribution system [39].
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Fig. 1. Research flowchart

Before implementing the proposed methodology, it is of utmost importance to ascertain the
appropriate number of Distributed Generators (DGs) in order to maximize the benefits of the system.
To determine the suitable DG number, it will be based on the typical range of solar installations in
Malaysia. The study encompasses a total of six variables, which include three options for placement
and three different sizes of DGs. Each of these parameters will have specific constraints that need to
be satisfied. The placement of DGs will be determined by minimizing power loss and improving the
voltage profile at various bus locations. Since this involves two objective functions, a multi-objective
approach will be adopted using weight summation. The essential formulas for the multi-objective
analysis can be seen in Eq. (1) and Eq. (2) below:

OB] = w;Losses, . + W2 Vprofite @)
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w1 = Wy = 05 (2)

where OBJ is referred to multi-objective function, w; and w, are weighted coefficient, Lossesreal is
active power losses of distribution network and Vprofile is voltage at all busses

3. System Modelling

The subsequent sections will focus on the modeling of the distribution system, incorporating
distributed generation (DG), and the prediction of load growth. Following that, the emphasis will
transition to determining the appropriate formula for calculating power loss, voltage profile, and load
growth. Ultimately, the attention will be directed towards the technical analysis conducted using the
PSS ADEPT software in this research.

3.1 Distribution System Modelling

Considering the standard load and operation of distributed generators (DGs), the distribution
system has been developed. It is specifically designed to replicate the actual distribution system
utilized by the utility company in Malaysia, which caters to a diverse range of areas including
residential, commercial, and industrial zones. To assess the integration of solar DGs into the
distribution system, the 11kV 145-bus radial distribution system has been chosen for utilization and
simulation, as illustrated in Figure 2. The practical distribution system typically consists of a greater
number of branches due to customer demand and the distance from the nearest bus. The load data
is based on the peak load observed during the afternoon, as indicated in Figure 3.
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Fig. 2. 11 kV practical 145-bus radial distribution system
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Time

Fig 3. Peak hour of DGs penetration (highest at 12:30 at noon)

Detailed information regarding the load and line data can be found in Table 1 and Table 2. The
existing load of the distribution network is recorded as 28.292 MW and 14.570 MVAr. This research
incorporates three distributed generation (DG) units within a distribution system, serving distinct
purposes that are often aligned with the specific objectives of the study or project. This approach
facilitates a more manageable analysis by simplifying calculations and enhancing the understanding
of fundamental interactions without introducing excessive complexity. Furthermore, these units can
act as benchmarks for evaluating performance and impacts, enabling straightforward assessments of
various configurations. This methodology also allows for a more thorough examination of
interactions between different types of DG units and the distribution network, particularly in terms
of load sharing and voltage regulation. By concentrating on a limited number of models, stakeholder
engagement in discussions regarding potential impacts and benefits becomes more feasible, avoiding
the confusion that may arise from an abundance of options. However, it is crucial to acknowledge
the advantages of potentially expanding the number of units as the study or project progresses

Table 1
Load data for 145-bus radial distribution system
bus no. load (mw) load (mvar) bus no. load (mw) load (mvar) bus no. load (mw) load (mvar)
1 0.540 0.270 26 0.016 0.008 51 0.023 0.012
2 0.075 0.038 27 0.004 0.002 52 0.011 0.005
3 0.039 0.020 28 0.005 0.003 53 0.039 0.019
4 0.032 0.016 29 0.018 0.009 54 0.039 0.019
5 0.025 0.013 30 0.010 0.005 55 0.017 0.009
6 0.018 0.009 31 0.018 0.009 56 0.009 0.004
7 0.007 0.004 32 0.006 0.003 57 0.106 0.053
8 0.098 0.049 33 0.051 0.025 58 0.035 0.017
9 0.062 0.031 34 0.204 0.102 59 0.024 0.012
10 0.034 0.017 35 0.205 0.103 60 0.021 0.011
11 0.032 0.016 36 0.046 0.023 61 0.012 0.006
12 0.030 0.015 37 0.043 0.022 62 0.063 0.032
13 0.016 0.008 38 0.044 0.022 63 0.052 0.026
14 0.002 0.001 39 0.017 0.009 64 0.045 0.023
15 0.014 0.007 40 0.017 0.009 65 0.007 0.004
16 0.016 0.008 41 0.024 0.012 66 0.238 0.119
17 0.013 0.007 42 0.025 0.012 67 0.171 0.085
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18 0.008 0.004 43 0.025 0.013 68 0.069 0.035

19 0.020 0.010 44 0.007 0.004 69 0.062 0.031

20 0.015 0.007 45 0.763 0.382 70 0.050 0.025

21 0.006 0.003 46 0.053 0.026 71 0.043 0.022

22 0.004 0.002 47 0.030 0.015 72 0.022 0.011

23 0.080 0.040 48 0.027 0.013 73 0.007 0.004

24 0.047 0.024 49 0.024 0.012 74 0.012 0.006

25 0.031 0.016 50 0.001 0.000 75 0.007 0.004

76 0.103 0.051 101 0.108 0.054 126 0.077 0.038

77 0.031 0.015 102 0.095 0.047 127 0.074 0.037

78 0.146 0.073 103 0.091 0.045 128 0.073 0.036

79 0.000 0.000 104 0.080 0.040 129 0.073 0.037

80 0.028 0.014 105 0.061 0.031 130 0.066 0.033

81 0.107 0.053 106 0.054 0.027 131 0.053 0.027

82 0.581 0.291 107 0.023 0.012 132 0.047 0.023

83 0.464 0.232 108 0.010 0.005 133 0.001 0.001

84 0.036 0.018 109 0.003 0.001 134 0.046 0.023

85 0.023 0.011 110 0.001 0.001 135 0.038 0.019

86 0.023 0.011 111 0.001 0.000 136 0.022 0.011

87 0.018 0.009 112 0.000 0.000 137 0.020 0.010

88 0.012 0.006 113 0.157 0.079 138 0.018 0.009

89 0.006 0.003 114 0.143 0.072 139 0.014 0.007

90 0.004 0.002 115 0.137 0.068 140 0.001 0.001

91 0.092 0.046 116 0.101 0.050 141 0.021 0.010

92 0.039 0.019 117 0.088 0.044 142 0.007 0.004

93 0.030 0.015 118 0.067 0.033 143 0.171 0.086

94 0.023 0.012 119 0.000 0.000 144 0.018 0.009

95 0.013 0.007 120 0.154 0.077 145 0.019 0.009

96 0.003 0.002 121 0.044 0.022

97 0.027 0.013 122 0.028 0.014

98 0.013 0.007 123 0.014 0.007

99 0.241 0.121 124 0.112 0.056

100 0.000 0.000 125 0.097 0.049

Table 2

Line data for 145-bus radial distribution system

From bus To bus R X From bus To bus R X
(ohms) (ohms) (ohms) (ohms)

132kVBusTKLG 11kVPMUTKLA 0.000 0.000 11kVFSKSB2 Petra 0.161 0.152

11kVFSKSB1 11kVPMUTKLGA 0.161 0.152 Petra KPK 0.265 0.160

11kVFSKSB1 Haven 0.195 0.083 11kVPMUTKLGB 11kVFSTKIg1 0.161 0.152

11kVFSKSB1 WHSamudera 0.161 0.152 centurypulp 11kVFSTKIg1 0.161 0.152

Slumb29 WHSamudera 0.161 0.152 centurypulp MIEL5(tklg) 0.161 0.152

Slumb29 SSKSB2 0.161 0.152 MIEL5(tklg) MIEL4(tklg) 0.161 0.152

SSKSB2 TUBEX 0.161 0.152 BB2SSUBktKua 11kVPMUTKLGB 0.161 0.152

11kVPMUTKLGA 11kVFSTKIg2 0.161 0.152 BB2SSUBktKua BKuang 0.195 0.083

11kVFSTKIg2 IndTlkKalung 0.161 0.152 BKuang PatodPinBKuang2 0.568 0.117

IndTIkKalung Mustari 0.161 0.152 PCicar PatodPinBKuang2 0.195 0.083

Mustari UBF 0.161 0.152 BB2SSUBktKua TmnKmn 0.161 0.152

UBF SalutaryAvenue 0.161 0.152 SMBktKuang PCicar 0.265 0.160

SalutaryAvenue pfce 0.161 0.152 4-PBTinggi TmnKmn 0.161 0.152

pfce AlvichEnviro 0.161 0.152 4-PBTinggi EastCoast 0.161 0.152

IndTIkKalung SmpgPanchor 0.265 0.160 EastCoast TmnMeriah 0.161 0.152

MIEL1(tklg) 11kVFSTKIg2 0.161 0.152 11kVPMUTKLGB Bitumen 0.161 0.152

MIEL1(tklg) MIEL2(tklg) 0.161 0.152 11kVPMUTKLGB NODE63 0.195 0.083

MIEL3(tklg) MIEL2(tklg) 0.161 0.152 NODE63 Slumberger 0.161 0.152

MIELno.6 11kVFSTKIg2 0.161 0.152 Slumberger KSB5 0.161 0.152

MIELno.6 HotelTati 0.161 0.152 KSB5 OoMS 0.161 0.152

HotelTati SSchool 0.161 0.152 OMS KSB1 0.195 0.083

SSchool PlastikTATI 0.265 0.160 KSB1 OBM 0.265 0.160

BB1SSUBktKua 11kVPMUTKLA 0.161 0.152 OBM LPK 0.265 0.160
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BB1SSUBktKua Ing.PamStn 0.195 0.083 PIONEER HapSeng 0.161 0.152
TmnBktkuangDamai Ing.PamStn 0.195 0.083 SecaDyme HapSeng 0.161 0.152
TmnBktkuangDamai TPermai 0.265 0.160 11kVPPUTKLGB RHSSSUKijalMall 0.080 0.095
4-PSDelima TPermai 0.195 0.083 Baseera PIONEER 0.161 0.152
PolisMerin TPermai 0.195 0.083 Handal BioDiesel2 0.161 0.152
BB1SSUBktKua SMSis 0.265 0.160 BioDiesell Dayang 0.161 0.152
SKCukai SMSis 0.195 0.083 HHA Baseera 0.161 0.152
BB1SSUBktKua Slipway 0.265 0.160 11kVPPUTKLGB Handal 0.161 0.152
Slipway C/STMNKTPNG2 0.265 0.160 Perumahan_EasternSteel ~ RHSSSUKijalMall 0.161 0.152
11kVPMUTKLGA LHSLionPlateMill 0.161 0.152 Perumahan_EasternSteel ~ Tmn_Serindit2 0.161 0.152
11kVPMUTKLGA NODE64 0.161 0.152 Tmn_Serindit2 Tmn_TitianSelumbar 0.161 0.152
ET NODE64 0.265 0.160 TmnKijalMentauh2 Tmn_TitianSelumbar 0.161 0.152
11kVPMUTKLGA SS132kvTiox. 0.161 0.152 TmnKijalMentauh2 PerumahanSerindit 0.161 0.152
H-PTkomTKlg SS132kvTiox. 0.161 0.152 Tekstil01 RHSSSUKijalMall 0.161 0.152
H-PTkomTKIg S-STPuchong 0.195 0.083 Tekstil02 Tekstil01 0.161 0.152
KimiaCecair 4-PSDelima 0.265 0.160 SSUSeeSen 11kVPPUTKLGB 0.080 0.097
PSemangat ITCPupuk 0.265 0.160 11kVPPUTKLGB SunwayQuarry 0.161 0.152
S-STPuchong SKTkalong 0.195 0.083 kuangcentre 11kVPPUTKLGB 0.161 0.152
SKTkalong ITCPupuk 0.265 0.160 StnMykPetronas kuangcentre 0.161 0.152
KuariTKIg RMMTKALONG2 0.265 0.160 StnMykPetronas TmnTlkKalong 0.265 0.160
RMMTKALONG1 RMMTKALONG2 0.265 0.160 TmnTlkKalong bktkuangsejahtera 0.265 0.160
11kVPMUTKLGA SSUSeeSen 0.080 0.095 DesaDarullman bktkuangsejahtera 0.265 0.160
11kVPMUTKLGB 11kVFSKSB2 0.161 0.152 DesaDarullman ¢/sBktKuangsejahtera 0.265 0.160
SKTkalong KuariTKlg 0.195 0.083 ¢/sBktKuangsejahtera TmnKetapang 0.265 0.160
Halliburton BayuPurn 0.265 0.160 11kVPPUTKLGA BioDiesell 0.161 0.152
Vastalux BayuPurn 0.265 0.160 HHA BioDiesel2 0.161 0.152
S/S_WH_34&35 Vastalux 0.161 0.152 Dayang Drillex 0.161 0.152
Silo KSB1 0.195 0.083 PejElwishEnv Drillex 0.161 0.152
IronPasific Silo 0.195 0.083 BengkelTepatTeknik PejElwishEnv 0.161 0.152
NODE63 Westwsarf 0.161 0.152 11kVPPUTKLGA C/S_SPAN 0.161 0.152
Westwsarf KimiaCecair 0.161 0.152 C/S_SPAN C/S_JMBTNBKTKUANG  0.161 0.152
11kVPMUTKLGB RHSLionPlateMill 0.161 0.152 C/S_JMBTNBKTKUANG SKBktKuang 0.161 0.152
c/sEpicSolar 11kVPMUTKLGB 0.161 0.152 SKBktKuang RMBKuang 0.265 0.160
PlastikTATI TATla 0.265 0.160 RMBKuang TmnRkytBestari 0.159 0.105
11kVPPUTKLGA TATla 0.080 0.095 TmnRkytBestari RMBktKuang2 0.265 0.160
CsuValser 11kVPPUTKLGA 0.161 0.152 H-PTByglLuar HPTBerayoDIm 0.265 0.160
11kVPPUTKLGA LHSSSUKijalMall 0.080 0.095 c/sKjal_Water_Tank HPTBerayoDIm 0.265 0.160
S-STPuchong PSemangat 0.524 0.094 c/sKjal_Water_Tank GiatMARA 0.265 0.160
TmnPinggiran LHSSSUKijalMall 0.161 0.152 tmnberisnenas GiatMARA 0.265 0.160
TmnPinggiran BdrKijal01 0.161 0.152 Kijal tmnberisnenas 0.265 0.160
Kompleks_Usahawan BdrKijal01 0.161 0.152 TkomBKmning Kijal 0.524 0.094
RMKijal S-SKijal 0.265 0.160 TmnKijallaya Kijal 0.265 0.160
LHSSSUKijalMall bombakijal 0.161 0.152 S-SKijal TmnKijallaya 0.265 0.160
bombakKijal SawmillPantaiTimur 0.161 0.152 S-SKijal SSSpgTati 0.195 0.083
SawmillPantaiTimur PrumhnMentauh 0.195 0.083 RMKijal LayoutKij 0.265 0.160
H-PTBygLuar PrumhnMentauh 0.195 0.083 LayoutKij SKKijal 0.265 0.160
SKKijal Satelit 0.265 0.160 SKBERISMERAGA SawmillPantaiTimur 0.265 0.160
H-PTBygLuar KgMentauh 0.195 0.083 TMNPERMATA1 SKBERISMERAGA 0.265 0.160
11kVPPUTKLGA UNICHAMPb, 0.161 0.152 SSSpgTati TATIa 0.265 0.160
SKalongan2 SSSpgTati 0.195 0.083

3.2. DGs Modelling

The impact of solar distributed generators (DGs) on power losses and voltage profile depends on
the number of DGs and their power output ratings. The unique attributes of every solar distributed
generation (DG) system are shaped by the technology employed in its construction, along with the
design of active and reactive power generation for the distribution network. The modeling of solar
DGs entails the generation of active or reactive power, depending on their technological
characteristics. This research primarily concentrates on power loss and voltage profile; thus, each DG
will exclusively produce active power with a power factor of unity. The placement and size of the DGs
will be determined through optimization results. Table 3 as display below showed the model of the
photovoltaic systems.
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Table 3

Photovoltaics (PV) module characteristics

No. Description Value

1. Maximum power (Pmax) 340W

2. Power tolerance 0to+3%

3. Maximum power voltage (Vmp) 38.7V

4, Maximum power current (Imp) 8.79A

5. Open circuit voltage (Voc) 47.1V

6. Open circuit current (Isc) 9.24A

7. Nominal operating cell temp (NOCT) 45 +2%

8. Maximum system voltage 1500VDC

9. Maximum series fuse rating 20A

10. Operating temperature -40 °Cto +85 °C

11.  Application class A

12.  Fireclass C

13.  Weight 22.5 (kg)

14. Dimension 1956 x 992 x 40 (mm)
15.  Standard Test Conditions (STC) 1000 W/m?, AM1.5, 25°C

3.3. Power Loss and Voltage Profile

The study focuses on two primary objectives: power loss and voltage profile. In distribution
systems, a cable or overhead line is commonly linked to two buses. The mathematical representation
of power loss can be expressed as either Eq. (3) or Eq. (4) [40,41].

4. Optimal Planning of Distribution Networks with Consideration DGs

To enhance the energy supply to feeder loads in distribution networks, the integration of
Distributed Generators (DGs) can be employed to implement efficient strategies during the network
optimization procedure. The optimization of economic objectives encompasses the reduction of
investment and operational expenses, mitigation of energy losses, and reliability costs. Technical
limitations involve equipment capacity, reliability indicators, voltage drop, and the utilization of
multi-objective algorithms to accommodate the radial network structure [42].

PZ+Q%
Pioss = ( jVi j) Rij (3)
Pioss = 1231 Iﬁel,ij Rij (4)

where n, is total number of busses in the distribution network R;; are the resistance of the
network, I,.;;; are real current of power network.

The equation provided in [43] offers a comprehensive explanation for determining the voltage
profile at all buses. This equation is denoted as Eq. (5). Furthermore, it is crucial to enforce the
constraint that all bus voltages fall within the acceptable range [44]. The acceptable voltage range
spans from 0.95 pu to 1.05 pu.

Vprofile = Zgil 71'1=1|Vi(t) — Vaoml (5)

where V;(t) is the bus voltage in p.u., V,,,, is the rated voltage in the p.u. and n is the number of
buses
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4.1. Technical Analysis Using PSS ADEPT

This research project will primarily focus on two types of technical analysis. The first type involves
the integration of Distributed Generators (DGs) into the distribution network. The second part of the
analysis aims to perform network reconfiguration by determining the optimal location for switches.
The technical analysis approach is inspired by mathematical equations used for power flow analysis,
employing PSS ADEPT software. The proposed location for connecting solar DGs will be chosen based
on the bus with the highest power losses. Subsequently, a more comprehensive study will be
conducted to identify areas with significant line losses. These high line losses will be considered as
constraints for the reconfiguration process, with the goal of enhancing voltage and reducing active
power losses [45].

Modelling and analysis of DGs will focuses on a single point in time which the system can be
checked to see how well it is working, how efficiently it operates, or how it connects with the grid
without considering changes over time. Engineers can evaluate if a specific distributed generation
(DG) setup or technology works well under certain conditions, which helps confirm designs before
making any changes or expansions. A one-time simulation helps optimize resources at that moment,
supporting decisions about energy distribution, load management, or investing in more DGs. Utilities
may need to show they meet regulations based on the current system state, which can be effectively
assessed through these one-time simulations. Knowing how a DG operates under present grid
conditions can reveal any weaknesses in the system that need fixing. Time-based simulations can be
complex, so focusing on a single moment makes the analysis easier while still offering useful insights.

5. Results

The primary purpose of the initial simulation is to identify the ideal range of solar Distributed
Generators (DGs) connected to the distribution system, with the objective of minimizing active power
losses. Each selected bus will accommodate 3 DG units. The previous simulation revealed a power
loss of 350.97KW for a system without DGs. Consequently, the initial simulation, as depicted in Table
3, indicates that the most suitable range for solar DGs in Malaysia is between 0.5 MW and 2 MW.
Considering the percentage of penetration level of DGs, which the tested DGs consumed the power
between 200 kW to 500 kW only as presented in Table 4.

The initial scenario involved conducting a study based on the assumption that the load in the
current distribution system would remain constant. Following this, three types of Distributed
Generators (DGs) were utilized and randomly simulated in a practical 145-bus radial distribution
system. The main objective was to determine the appropriate placement and sizes of five solar DGs.
To achieve this, the simulation was carried out using PSS ADEPT software, which commenced with
load flow strategies to identify the suitability of three location buses and three units of solar DGs
capacity.

Table 4
Real power losses on tested distribution network
No. Tested on Distribution Network (DN)  Capacity of DGs (kW) Real power losses Reduction
DG1 DG2 DG3 kw
1. Existing DN 0 0 0 350.97 -
2. DN with DGs 500 200 250 344.92 1.72%
3. DN with DGs and reconfiguration 500 200 250 343.65 2.09%
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The second part of the analysis by implement the 5 years load growth to the distribution network
(Figure 4). According to the distribution planning cycle and trending of the load growth in sampling
area, the load growth of the distribution network increasing 1.83% to 1.95% annually. Contribution
of load growth will be affected and increase the real power losses as presented in Table 5 and Table
6 below. In order to benefit the network in terms of power losses, the adjustment of DGs capacity
need to be done in this study. The power losses showed some reduction by setting up capacity of
DG2 and DG3 to 220 kW as presented Table 5 and Table 6.

Real Power Losses
500
450
= 400
2
w350
@ W Exisitng of
= 300 DGs
250 B Adjustment
of DGs"
200
Year
Fig. 4. Trending real power losses with existing DGs and adjustment DGs in 5 years
Table 5
Existing network with DGs applied for 5 years load growth
No Year Growth Real power losses without  Capacity of DGs (kW) DNR Real power Reduction
(%) DGs and DNR losses
DG1 DG2 DG3 (kw)
1. 2024 1.83 365.04 500 200 250 Yes 356.53 2.23%
2. 2025 1.90 380.24 500 200 250 Yes 370.46 2.57%
3. 2026 1.95 393.67 500 200 250 Yes 385.39 2.10%
4, 2027 192 410.26 500 200 250 Yes 400.74 2.32%
5. 2028 1.89 427.29 500 200 250 Yes 416.51 2.52%
Table 6
Existing network with adjusted DGs capacity for 5 years load growth
No Year Growth  Real power losses without Capacity of DGs (kW) DNR Real power Reduction
(%) DGs & DNR losses
DG1 DG2 DG3 (kw)
1. 2024 1.83 365.04 500 220 220 Yes 356.45 2.23%
2. 2025 1.90 380.24 500 220 220 Yes 370.37 2.60%
3. 2026 1.95 393.67 500 220 220 Yes 385.29 2.13%
4, 2027 1.92 410.26 500 220 220 Yes 400.63 2.35%
5. 2028 1.89 427.29 500 220 220 Yes 416.39 2.55%

As presented in Table 7, the location of DGs contributed to reduction of the power losses and
improve voltage profile in Distribution Network. By using technical analysis, the optimal location of
DGs has been addressed above which DG1 is placed at Bus no. 104, DG2 is placed at Bus no. 135 and
DG3 is placed at Bus no. 116. Furthermore, it is of utmost importance to ensure that the voltage
deviation at each bus adheres to the prescribed upper and lower limits to maintain both voltage
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stability and power quality. To achieve this, load buses in the distribution system are subject to
voltage limits of +5% of the rated voltage. Through the implementation of specific technical analysis
techniques, the voltage profile at all terminal buses, including those connected to solar DGs, has been
significantly enhanced. As a result, the voltage values at these buses have been improved and now
meet the desired levels of 1.00 pu., 1.01 pu, and 1.03 pu. The comparison of voltage profiles before
and after the distribution network reconfiguration involving DGs is depicted in Figure 5.

Table 7
Optimal location of DGs integrated with distribution network
No. DGs No. Location of DGs
Before Optimization After Optimization
1. DG1 121 104
2. DG2 47 135
3. DG3 16 116
Voltage Profile
1.05
1.04
1.03
o 1.02
g
S 1;
1.00
0.99
0.98
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Fig. 5. Voltage profile before and after DNR connected with DGs
6. Conclusions

This research paper showcases the successful implementation of a method on a 145-bus network
to enhance the voltage profile and reduce real network losses. By coordinating the operation of
distributed generators (DGs), the appropriate sizes of DGs were determined using PSS ADEPT
simulations while ensuring all constraints were met. Furthermore, a distribution network
reconfiguration was conducted to compare the voltage and real power losses in the original and
modified network. The installation of DGs resulted in a decrease in real power losses and an
improvement in the voltage profile at the buses. Additionally, the network reconfiguration, with
strategically placed and sized DGs, significantly improved the minimum bus voltage profile. This study
represents a significant advancement in integrating renewable energy sources and network
reconfiguration to accommodate load growth in our power system. The configuration of DGs is
tailored to meet the specific requirements of the distribution network system. The findings of this
research highlight that accurately sized and properly positioned DGs can effectively mitigate power
losses and enhance the voltage profile within the distribution network system, especially considering
the load growth experienced by the distribution network.
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In the coming years, the research will progress by incorporating Battery Energy Storage Systems
(BESSs) into the planning of distribution network systems (DNSP) to enhance the efficiency of the
existing network, considering the significant integration of Distributed Generators (DGs) [46].
Moreover, different approaches, including heuristic, analytical, and metaheuristic techniques, are
commonly employed to determine the most suitable placement and sizing of DGs and DNR [47]. As
a valuable contribution to this study, the adoption of metaheuristic technique is justified due to its
superior ability to achieve the optimal solution when compared to alternative techniques.
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