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Abstract: Modern power systems present opportunities and challenges when integrating distributed
generation and electric vehicle charging stations into unbalanced distribution networks. The perfor-
mance and efficiency of both Distributed Generation (DG) and Electric Vehicle (EV) infrastructure
are significantly affected by global temperature variation characteristics, which are taken into con-
sideration in this study as it investigates the effects of these integrations. This scenario is further
complicated by the unbalanced structure of distribution networks, which introduces inequalities that
can enhance complexity and adverse effects. This paper analyzes the manner in which temperature
changes influence the network operational voltage profile, power quality, energy losses, greenhouse
harmful emissions, cost factor, and active and reactive power losses using analytical and heuristic
techniques in the IEEE 69 bus network in both three-phase balance and modified unbalanced load
conditions. In order to maximize adaptability and efficiency while minimizing the adverse impacts
on the unbalanced distribution system, the findings demonstrate significant variables to take into
account while locating the optimal location and size of DG and EV charging stations. To figure out the
objective, three-phase distribution load flow is utilized by the particle swarm optimization technique.
Greenhouse gas emissions dropped by 61.4%, 64.5%, and 60.98% in each of the three temperature
case circumstances, while in the modified unbalanced condition, they dropped by 57.55%, 60.39%,
and 62.79%. In balanced conditions, energy loss costs are reduced by 95.96%, 96.01%, and 96.05%,
but in unbalanced conditions, they are reduced by 91.79%, 92.06%, and 92.46%. The outcomes
provide valuable facts that electricity companies, decision-makers, along with other energy sector
stakeholders may utilize to formulate strategies that adapt to the fluctuating patterns of electricity
distribution during fluctuations in global temperature under balanced and unbalanced conditions
of network.

Keywords: integrated renewable distributed generation; balanced and unbalanced distribution
system; electrical vehicles charging corridors; active and reactive power loss; voltage profile;
greenhouse gas emissions; particle swarm optimization

1. Introduction

Integrated EVs and DGs are new technology advancements that were developed to ad-
dress environmental concerns. They reduce air pollution, which accounts for all greenhouse
gas emissions. The number of EVs sold in the US and the UK is increasing at an exponential
rate, with 2 million EVs sold in 2016, 40 million in 2020, and 70 million predicted to be
sold by 2025 [1]. They emphasize interoperability and compliance with global standards,
addressing critical considerations for the development of robust and interoperable EV
charging infrastructure. Kathiravan et al. [2] proposed using the Ant Lion Optimizer algo-
rithm to optimize the location of Electric Vehicle Charging Station (EVCS) while minimizing
line losses. They deliver an innovative approach that considers the technical and financial
aspects of EVCS adoption. The authors in [3] designed an effective energy management
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system for EVCSs and the electricity distribution system. They prioritized the usage of
renewable energy resources while maintaining dependable EV charging infrastructure.
Ahmad et al. [4] reviewed the ideal location of EVCSs and their impact on distribution
networks. Their research sheds light on the problems and opportunities that come with
EVCS adoption, taking into account variables like grid dependability and environmental
sustainability. In [5], a unique Al approach was developed for the efficient deployment of
EV fast charging stations in distribution networks, combining Al approaches with solar-
based distributed generation systems to improve the dependability and efficiency of EV
charging infrastructure. In [6], the authors addressed the topic of increasing the hosting
capacity of unbalanced distribution networks for Distributed Energy resources (DERs) via
efficient load re-phasing. The authors emphasize the necessity of grid flexibility in handling
the growing number of EVs and other Ders. In [7], a novel probabilistic methodology to
plan for EVCs in distribution is presented, taking into account spatiotemporal uncertainty.
Their technique addresses an important part of EV infrastructure development, offering
useful insights into minimizing uncertainty related to EV charging demand and grid inte-
gration. Harish et al. [8] provide a comprehensive overview of power quality challenges
originating from the integration of EV into distribution systems. They offer an informative
study of difficulties such as harmonics, voltage fluctuations, and unbalance, as well as
mitigating approaches to assure grid stability and reliability. Ahmad et al. [9] proposed an
improved method for optimally placing solar-powered electric vehicle charging stations in
distribution networks. Their study provides valuable insights into using renewable energy
sources for sustainable EV infrastructure development and contributes to decarbonizing
transportation. Eid et al. [10] focused on the successful operation of BES devices, electric car
charging stations, and renewable-based energy sources that are linked to Distribution Net-
work (DN). Their research sheds light on the synergistic integration of these components to
improve grid resilience, promote renewable energy utilization, and support EV charging
infrastructure. Islam et al. [11] proposed a coordinated EV charging strategy that takes
into account correlated EV and grid loads, as well as photovoltaic output variability. Their
study introduces a novel probabilistic model, which provides a systematic approach to
optimizing EV charging schedules while ensuring grid stability and maximizing renewable
energy utilization. Jha et al. [12] examined effective active and reactive power scheduling of
Virtual Power Plants while taking phase imbalance and power angle regulation constraints
into account. Their work contributes to improving grid stability and efficiency by optimiz-
ing power generation and consumption. In [13], the authors proposed a multi-objective
optimization approach for charging plug-in EVs in unbalanced distribution networks. This
approach addresses the complex interplay between EV charging demands, grid constraints,
and multiple optimization objectives, providing valuable insights into achieving sustain-
able and efficient EV integration. The authors of [14] developed innovative algorithms for
optimizing EV charging in microgrid situations, paving the path for more effective and
environmentally friendly integration of electric vehicles into the electricity supply. The EV
penetration effect with DG is analyzed in [15] for both balanced and unbalanced condition
of network. Balu et al. [16] presented an efficient allocation technique for radial distribu-
tion systems that include EVCSs and renewable DG with BES. Their research examines
the time sequence characteristics of generation and load demand, providing insights into
the effective integration of EV charging infrastructure with renewable energy sources to
improve grid resilience and sustainability. Ren et al. [17] provided a perspective on the
location of EVCSs using the grey decision-making model. Shivashankar et al. [18] pro-
vided an overview of various types of overhead transmission line conductors. The paper
provides valuable insights into the characteristics, benefits, and applications of various
conductor materials used in overhead transmission lines, thereby contributing to a better
understanding of modern power transmission technologies. Karmakar et al. [19] presented
a new PI controller and artificial neural network controller-based passive cell balancing
technique for battery management systems.
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Burle et al. [20] presented a modified load flow algorithm that is appropriate for
modern power systems operating under fluctuating weather circumstances. Their research
overcomes the issues posed by renewable energy integration and weather-related uncer-
tainty. Xu et al. [21] proposed a novel approach for assessing the state of a power system
that takes into account transmission line temperature. Temperature data must be incor-
porated into state estimation models to improve power system monitoring and control
accuracy, considering the impact of temperature changes on transmission lines. Haldar
et al. [22] undertook a trend examination of long-term meteorological information in a
metropolitan area to examine the effects of global weather climate change. They investigate
the evolution of climatic trends and their consequences for urban areas. By reviewing
historical meteorological data, Albrechtowicz et al. [23] studied how the temperature of
overhead transmission lines affects phase-shifting transformer settings. The work focuses
on optimizing transformer operations in response to temperature fluctuations along trans-
mission lines using temperature-dependent parameters. Cecchi et al. [24] investigated the
impact of temperature fluctuations on transmission line behavior and the implications for
power system performance. The authors give a more realistic picture of system dynam-
ics by combining temperature-dependent models into power flow analysis, allowing for
improved decisions in grid planning and operation. Dong et al. [25] provided a thorough
investigation of power transmission restrictions. The study addresses the issues associ-
ated with thermal restrictions in power transfer capacity by examining the electro-thermal
coupling in the transmission area. The authors suggest an integrated strategy to accu-
rately assess power transfer limits that take into consideration both electrical and thermal
impacts. Burle et al. [26] demonstrate how ambient temperature variations affect the cal-
culation of the vicinity of the voltage collapse point. The study investigates the effect of
temperature on voltage stability analysis, an important part of power system performance,
taking temperature-dependent characteristics into account. Mishra et al. [27] developed
a self-powered temperature monitoring wireless node that uses energy harvesting tech-
niques. The suggested wireless node provides a cost-effective and sustainable solution for
temperature sensing in power networks. Rahman et al. [28] presented a comprehensive
assessment of research on temperature-dependent analysis of electric power transmission
systems. The authors emphasize the need to take temperature impacts into account in
system-level research by reviewing a variety of studies. The review covers a variety of
topics, including thermal modeling, power flow analysis, and stability evaluation, which
provide insight into the intricate interplay between temperature changes and power system
behavior. Rakpenthai et al. [29] proposed a study on power system state estimate and line
conductor temperature valuation. The authors show that correct temperature estimation
is critical for improving the reliability of power system monitoring and control. Koufakis
et al. [30] examined the impact of wildfire incidents on transmission line performance,
specifically conductor temperature rise, by bringing wildfire dynamics into the modeling
framework. Valentina et al. [31] improved the accuracy of power flow analysis and transient
stability assessment. The study emphasizes the need to account for temperature changes in
transmission line modeling to guarantee that power systems operate reliably and efficiently
under a variety of environmental circumstances. Bockarjova et al. [32] studied the signif-
icance of temperature changes on the efficacy of state estimation methods, emphasizing
the importance of precise temperature measurements in power system monitoring, by
assessing the influence of temperature on state estimation accuracy. Du et al. [33] presented
an online estimating method for line parameters, temperature, and sag. The authors created
a real-time estimation strategy that allows for accurate monitoring of transmission line con-
ditions. Leger et al. [34] presented a flexible method for simulating gearbox line behavior
under varied operating conditions. The inclusion of variable parameters allows for a more
accurate depiction of transmission line dynamics, which facilitates exact analogue power
flow computation. Sagiyeva et al. [35] analyzed the temperature on microstrip lines by
examining the effects of temperature changes on microstrip transmission lines; the authors
obtained significant insights into the thermal behavior of high-frequency communication
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systems. Du et al. [36] worked on building a real-time monitoring method that employs
online measurements to reliably estimate transmission line status.

Moghassemi et al. [37] addressed the challenges of grid integration of Photovoltaic (PV)
systems and power quality enhancement by incorporating TransZSI-DVR (Trans-Z-source
Inverter with Dynamic Voltage Restorer). The authors present an effective solution for
minimizing power quality concerns such as voltage sags and harmonics in grid-connected
PV systems. Satyanarayana et al. [38] proposed a DC-link fed parallel-VSI DSTATCOM in
a solar DG by using DSTATCOM. Oda et al. [39] investigated stochastic optimum planning
by integrating photovoltaic-based DG and DSTATCOM while accounting for load and
solar irradiance uncertainties. Souza et al. [40] conducted research that sheds light on
the complicated dynamics of power injection in DN with PV generation and investigated
the relationship between active and reactive power. Albuquerque et al. [41] explored
the operation of a PV solar system connected to the electric power grid, acting as both
an active power generator and a reactive power compensator. The authors present a
comprehensive approach for improving grid stability and power quality. Zubo et al. [42]
explored the optimal operation of DN with wind and solar-based energy penetration in
a joint both proactive and reactive distribution market. They provide useful insights to
grid operators and policy makers, assisting in the development of sustainable energy
management policies. Paghdar et al. [43] focused on developing control strategies for
distributed generation systems to ensure grid stability and power quality through active
and reactive power injection optimization. In the context of climate change, Vincze et al. [44]
proposed an inventive ensemble-based experimental investigation on temperature changes.
The methodological rigor of this work and its possible consequences for future climate
research make it noteworthy. The nonlinear statistical properties of daily temperature
changes were investigated by Gyiire et al. [45]. They draw attention to how complex
temperature dynamics are and offer a solid framework for understanding how climate
systems behave statistically. The approach to select the weightage of objectives for multiple
objectives are presented in [46] and the complex multiattribute task based problem is
analysed in [47]. The detailed review with concepts related to the solar powered electric
vehicle charging system are presented in [48]. The optimal renewable based DG planning
in distribution systems considering different objectives and loads effect using distinct
optimization techniques are proposed in [49-51]. The tariff bases analysis of hybrid micro-
grid is explored by [52] to enhance the overall cost economy of the system. In [53], the
analysis of potential and policies for photovoltaic electricity generation of the leading
countries in solar energy are discovered. The detailed about the battery management
system, charging station, traction motors for the electric vehicles are presented in [54]. Three-
phase distribution system components planning parameters [55] and analysis related to the
renewable DG with EV charging station planning in unbalanced distribution network [55]
are reported to find its impact on three phase distribution system. Table 1 illustrates a
comparative study of existing works with objective, methodology, research gap, system
and findings.

Based on a compressive literature review, it is observed that few authors have consid-
ered the balanced and unbalanced distribution system comparative analysis while planning
EV charging stations. Also, it was found that the distribution system performance is ad-
versely effected by temperature variation, which is also ignored by the researcher in the
distribution system planning. Therefore, the study proposed a comparative analysis of
balanced and unbalanced distribution networks with and without EV charging stations
considering the sessional temperature variation. Major research articles presented the
performance analysis in the balanced IEEE system, but we assume that in practice, some
unbalancing load distribution occurs, so our main focus in this paper is to compare the
effect, and how to minimize this issue with the unbalancing effect of all three phases
separately. This paper explains the unbalancing effect in the balanced case; if unbalancing
occurs, then our system knows how to perform and how to improve the voltage, losses,
cost-effective factors, and environmental factors.
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Table 1. Comparative study of existing works with objective, methodology, research gap, system

and findings.

L Methodology/ Bus o1
Author (s) Objective Optimization System Research Gap Findings
e . lelt?d .focgs on The algorithm
. Minimize line losses Archimedes optimization .
Kathiravan . ) L . reduced line losses
by optimally placing Optimization IEEE 33 algorithms for .
etal. [2] . o . and improved
EVS Algorithm (AOA) minimizing line
. overall performance
losses in EVS
GPC-RERNN
.. (Generalized .
Optimize energy L Inadequate Reducing energy
- Predictive ) : :
Rajani etal. [3]  management among IEEE 69 strategies between  costs and improving
EV chareine stati Control-Recurrent EVS id stabilit
charging stations Elman Neural grid stability
Network)
Optimal deployment Al approach AI-base'd solutions Improved the
Ahmad et al. of EV fast charging . . that integrate L
. . integrated with IEEE 33 reliability of the
[5] stations with solar reliabilitv analvsi renewable energy distribution network
DGs ¢ y yeis sources in EVS s on netwo
Enhance the hosting T Limited resea.rch on
. An optimization DER hosting .
Toghranegar capacity for : o Enhanced hosting
L technique for load IEEE 37 capacity in .
etal. [6] distributed energy . capacity
re-phasing unbalanced
resources (DERs)
networks
Probabilistic Provided a robust
Abujubbeh Probabilistic framework IEEE 69 Lack of uncertainty approach to the
etal. [7] framework for EVS incorporating consideration planning of
spatiotemporal data uncertainties
Effectively
Ahmad et al. Optimal placing Enhanced Need integration of integrating sola.r
[9] solar-powered EVS optimization approach IEEE 33 solar energy in EVS power and reducing
overall network
strain
Conled Y and
Islametal [11]  grid loads and PV Probabilistic model IEEE 33 . yerecivey
between EV, grid coordinating EV
output .
loads charging
iiizesiﬁg ;s;liiavii Multi-objective Need for address Op’;lcrﬁlez;ljlli}r)lower
Jha et al. [12] P 8 optimization IEEE 37 phase unbalance in . uing,
Virtual Power Plants aloorithm VPPs improving VPP
(VPPs) & efficiency
o . Minimized voltage
Esmaili et al. Optimize t'he chargmg IEEE 13 Lack of methods deviations in
of plug-in electric PSO addressing the
[13] . IEEE 34 unbalanced
vehicles (PEVs) unbalanced nature
networks
Charging algorithm Very less
AbuElrub et al for EVs integrated into concentration on the EV charging
[14] ' microgrids with Heuristic algorithm IEEE 33 integration of EVs schedules enhancing
photovoltaic (PV) with renewable the utilization of PV
generation energy sources
Allocation of EVS with .
renewable distributed =~ Time-sequence-based Need for integrated Reduced power
Balu et al. [16] IEEE 69 optimization of EVS

generation, and
battery energy storage

optimization

and storage systems.

losses
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Author (s) Objective g;t?;?;:;%i/ S)lr;sltl:m Research Gap Findings
e . The algorithm
Develop a mOd.lﬁed Modified IEEE 14 Need algorithms showed improved
load flow algorithm that can handle
Burle et al. [20] > Newton-Raphson load IEEE . accuracy under
under variable . variable weather .
o flow algorithm 33 s varying weather
weather conditions conditions o
conditions
State estimation Limited integration =~ Proposed improved
Xu et al. [21] approach.co.nmd.ermg State estimation IEEE 14 of tempe?aturle in the accuracy of state
transmission line state estimation estimation in
temperature models temperature effects
Examine the system Limited
impacts of . .
Cecchi et al. temperature- Simulation-based consideration of Demonstrated that
[24] dependent analvsis IEEE 30 temperature effects temperature-
transrzission line y in traditional dependent models
models transmission line
Calculate power -
transfer limits Electro-thermal irglesif:t(i:(l)in:)f Proposed more
Dong et al. [25] considering the . IEEE 39 & accurate power
coupling model electro-thermal o
electro-thermal offects transfer limits
coupling
Lack of studies Identified that
Study the effect of Temperature- exploring the direct ~ ambient temperature
Burle etal. [26]  ambient temperature dependent voltage IEEE 118 impact of ambient variations
variations collapse analysis temperature on significantly
voltage stability influence voltage
Rakpenthai To estimate power Joint state and L;g:ﬁiii:ﬁgj;{? Improved estimation
P system state and temperature IEEE 30 in power system
etal. [29] and temperature
conductor temperature estimation model L state
estimation
Existing models Demonstrated
To incorporate Temperature- insufficiently improved accuracy
Valentina etal. temperature variations dependent account for 1 power flow
. T o IEEE 14 temperature analysis by
[31] into transmission line transmission line S . . .
models model development variations in incorporating
transmission line temperature
performance variations
Impact of transmission Lack of d.etaﬂed
. . Temperature- analysis on Enhances the
Bockarjova line conductor ..
etal. [32] temperature on state dependent state IEEE 30 temperature precision of state
' estimation accurac estimation model influences state estimation
y estimation.
To estimate Online estimation Real-time estimation Estimates line
Du et al. [33] transmission line technique using IEEE 118 of temperature and parameters,
parameters, Phasor Measurement sa temperature, and sag
temperature Units (PMUs) & in real time
Moghassemi Develop a solar Design and simulation Limited research on Ir;‘iisvizgsgsr
& photovoltaic fed of a TransZSI-DVR IEEE 13 using TransZSI-DVR d YT 5
etal. [37] harmonic distortion
TransZSI-DVR system systems
and voltage sag
Lack of robust
DC-link fed Improves voltage
Satyanarayana Solar DG integration parallel-VSI IEEE 33 D.S TATCOM stability and reduces
etal. [38] DSTATCOM solutions for power

quality

harmonic distortion
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Table 1. Cont.

s Methodology/ Bus 1.
Author (s) Objective Optimization System Research Gap Findings
Integrated PV-based Stochastic CO:;;;?;;SE of Improves system
DG and DSTATCOM optimization using uncertainties in reliability and
Oda et al. [39] undeirlr(;zciaz;nci solar Monte Carlo IEEE 69 PV-based DG and cos;—cecfcf)icr’lcgf:n?cs; by
L simulations. DSTATCOM e
uncertainties . uncertainties
planning
Souza et al Active and reactive Need for a better ;;Lsg\s/teelmisnc'zzlt
’ power injection in Injection techniques. IEEE 13 understanding of PV 1
[40] . both active and
distributed systems system .
reactive powe
Performance of a PV Experimental setup Limited exploration . .
Albuquerque . . . . Enhancing grid
etal. [41] solar system with grid-connected IEEE 33 of dual-functionality reliability
’ connected to the grid PV system PV systems
To optimize the
operation of C L
‘e . . ontrol strategies in Improves network
Zubo et al. [42] d1s.t r1bufc10n r}etworks Genetic Algorithm IEEE 33 high renewable efficiency, reducing
with high wind and (GA) .
penetration power losses
solar power
penetration
- The PI control
. Insufficient focus on
To control active and . . manages power flow
Paghdar et al. . . Proportional-Integral control strategies for .
reactive power in a IEEE 14 . operation under
[43] . (PI) control strategy managing power .
grid-connected DG . varying load
flow in DG systems o
conditions.
: Need for
Perform a cost-benefit . .
Prasad etal. analysis for optimal Ele'phant’Herdmg IEEE 33 cost'-ef'fect.we Show cost benefit
[49] Optimization (EHO) optimization
DG placement .
techniques
Lack of studies on Determines optimal
Determine the optimal optimal DG DG size ai d
Ranietal. [50] size and placement of PSO algorithm IEEE 33. placement .
S placement, reducing
renewable DG considering load
. power losses
variation
Analyze a Insufficient analysis Demonstrates
Bohre et al. [52] grld—fzonneFted hybrid PSO optimization IEEE 14 of hybrid n'ucrog?l'ds impact 'the economic
microgrid under under varying utility = operation of hybrid
different utility tariffs tariffs microgrids

The proposed work has been analyzed in a three-phase IEEE 69 bus distribution
network under day and night global average temperature variation effect in lumped
line parameters. This study was performed in different cases and checks the various
performances like active and reactive power losses, voltage profile, pollutant emission, and
cost of energy loss in both balanced and modified unbalanced load conditions. In this study,
four EV corridors and two DG integrations have been integrated to improve performance
with the PSO optimization technique. This paper is structured in mainly six different
sections with abstract and reference sections. The first section is an introduction, the second
section is the modeling of multi-source renewable integrated DG and EV charging stations,
the third section is the modeling of a three-phase distributed network, the fourth section is
the proposed methodology, the fifth section is the results and discussion and finally, the
conclusion, which is the sixth section.
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2. Modelling of Multi-Source Renewable Integrated DG and EV Charging Station
2.1. Multi-Source Renewable Integrated DG

Multi-source renewable integrated DG is a hybrid system that can deliver a more
steady and dependable power supply; integrating numerous renewable energy sources into
a DG system entails mixing various renewable energy technologies (such as biomass, wind
turbines, and solar PV). The objective is to maximize grid efficiency and stability while
generating, storing, and distributing active and reactive power as efficiently as possible.
The modeling and planning of a multi-source renewable integrated distributed generation
system are given below.

2.1.1. The Solar Model

The solar PV model, in which active power is based on solar irradiance and tempera-
ture, and reactive power in a PV system can be managed using the inverter, which can be
controlled to provide or absorb reactive power as needed. The amount of reactive power
that can be provided is limited by the inverter’s capacity and the amount of active power
being generated [48,49].

Py = 1po X Apo X I X (1= B(Teenn — T”ﬂ’f)> M

where Py, is the power output, 77,y is the efficiency, Ay, is the area, I is the irradiance,
B is the temperature coefficient, T,y is the cell temperature, and T, is the reference
temperature.

The reactive power Qy, provided by the inverter can be calculated as:

va = \/SZ'Z*P;Zw (2)

where S; represents as inverter capacity that is apparent power in (VA)

2.1.2. The Wind Model

The wind turbine model, wind turbine model, active power based on wind speed,
air density, swept area and reactive power can be significant and depends on the type of
generator and control strategies [49,50].

Pying = 0.5 x p X A X 0> x Nwind ©)

where Py;,4 is the power output, p is air density, A is the swept area, v is the wind speed,
and 77,4 is the efficiency.

2.1.3. The Biomass Model

The biomass model is a model in which active power depends on biomass availability
and conversion efficiency and reactive power is produced or consumed depending on the
generator type [50-52].

Pyiomass = Mpiomass ¥ Mpiomass ¥ cv 4)

Qbio = Phiomass X tan 6 (5)

where Py;o,105s and Qpi, are the active and reactive power output, #p;omass is the efficiency,
Mpiomass 1S the mass flow rate of biomass, and CV is the calorific value.

2.2. Modelling of the EV Charging Station

EV charging stations are critical for accelerating the transition from traditional auto-
mobiles to more environmentally friendly and sustainable means of public and private
transport. It facilitates grid integration and operation through the development and layout
of charging stations, which would have an impact on the electrical system, making it possi-
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Utility Grid

BUS 1

ble to identify both benefits and potential concerns with grid integration. This involves
assessing load control, load ability, and environmental feasibility while using renewable
energy to power DN. In this study, two 19.2 kW EV charging stations and two 50 kW loads
are integrated according to specifications. Several elements influence the operation of an
EV charging station, including the charging station’s power rating, the charging protocol,
the EV battery’s SoC, and any external conditions like temperature or grid demand. Here
is a simplified equation that can be used to represent the charging process of an electric
vehicle [53,54].

Pey(t) = Pep_max X f(t) X Pep(t) (6)

where Py (t) is the EV power delivered at time . Poy max is the charging station maximum
power rating of EV. f(t) is the charging profile.

DC fast charging is normally controlled by altering the voltage and current supplied
by the charger, and (f) may include factors such as battery SoC, temperature, and maximum
power constraints. The layout for planning of distribution network with EV and DG is
given in Figure 1.

Multi-Source
Renewable
integrated DG

L

3-phase line
3-phase line I .

BUS 2 FAST EV BUS nth
Charging
Station

Figure 1. Layout for planning of distribution network with EV and DG.

2.2.1. Modelling the State of Charge (S50C)

It is necessary to comprehend the charging characteristics of the EV battery during
fast charging, as well as the charging station’s behavior and the charging protocol in use. A
simplified formula for simulating the SoC during rapid charging is as follows. Charging
and discharging are governed by system conditions and each battery’s state of charge [54].

SoC(t) = SoC(i) + / (i X Qmax X Ieharging (T))9T (7)

where SoC(f) is the state of charge of the battery at time ¢. SoC(i) is the initial state of charge.
Leharging (T) is the charging current at time . Qmax is the maximum capacity of the battery.
t; is the initial time of charging. The SoC limits are, SoC(#),;, < SoC(t) < SoC(f)ax

This formula illustrates how the battery’s charge builds up over time. The integral
term is the entire charge that has been transferred into the battery from the beginning of
charging to the present time (t), normalized by the battery’s maximum capacity. This is an
equation depicting fast-charging SoC behavior; more intricate models may include other
variables and dynamics. Table 2 shows the classification of EV charging stations based on
different levels, type and locations.
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Table 2. Classification of EV charging stations [9,13,15,54].

Classification .
Criteria Category Details Uses
Level 1 Voltage: 120 V, Current: Up to 16 A, Home use with
Charging Power Output: Up to 1.9 kW standard outlets
Charei Level 2 VOlt?tgyeI;:,iiiﬁ}chouige,z;: [I;I(I):,V\tce)rgo A Home, workplace,
arging Chargin A ! ublic stations
Power Levels gne Output-Up to 19.2 kW P
Voltage: Typically 200450 V DC, up
Level 3 to 900 V DC, Current: up to 400 A or  Public stations along
Charging more, Power Output: 50 kW to highways
350 kW or more
Level 1 and Level 2, In-vehicle Home. workplace
AC Charging Charger: Converts AC to DC for ’ place,
battery charein public stations
Type of y gmg
Current Public stations along
DC Charging Level: Level 3 (DC fast charging) highways, quick
charging
Residential Chargers: Level 1 and Level 2 Horr}e chargmg,
overnight charging
. Chargers: Level 2 and DC Parllqng lots,
Public Fast Ch shopping centers,
Location astihargers public places
Workplace Chargers: Level 2 Charg%ng during
working hours
nghway/ Chargers: DC Fast Chargers Along hlghways and
Corridor major routes
Private Control: Controlled by Personal use at home
Charging individual user or private spaces
o Commercial Management: Managed by Multiple users in
Application Charging operators, may require payment commercial settings
Characteristics: High utilization, Commercial fleets
Fleet Charging multiple charging points, higher (e.g., delivery trucks,

power levels

buses)

The expenditure of EV charging points in the US fluctuates depending on the utiliza-
tion; Table 3 indicates the costs in USD for level 2, and level 3 [1].

Table 3. Construction and installation cost of different EV charging stations [1].

Type of EV Charging Station Application Costs in USD Source of Report
LEVEL 2 home charging 450-1000
LEVEL 2 parking garage 1500-2500
- RMI (2017)
LEVEL 2 curb side 1500-3000
LEVEL 3 DC fast EV charging 12,000-30,000

2.2.2. Fast Charging Station Required Number

The number of fast charging stations in existence is determined by the total amount of
electric vehicle load in a given location, as well as the battery capacity used, system load
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factor, and EV charging duration. The equation for calculation of approx. EV charging
station number is given in [4].

v Pey X ey X Ciime
FCs Cst X Cy X L X Ne X p.f

(8)

where P,; denotes the total average power of EV, n,, represents the number of EV, Cy;,,
is the charging time per day, Cs; denotes the charger service time, C;; denotes charging
efficiency, the load factor Lr x N is for the number of connectors in FCS, and p.f denotes
the power factors.

3. Modelling of the Three-Phase Distributed Network

Three-phase balanced and unbalanced systems are characterized by symmetrical
components; however, in this work, the phase frame approach [55] of three-phase load flow
is used to easily analyze the system. In the current system, mesh and node analysis for load
flow should be performed. IEEE 69 bus mesh and nodal analysis have been used to account
for three-phase balancing and unbalanced load flow. The phase frame approach is used to
achieve three-phase balanced and unbalanced system performance [55,56]. Let us examine
a simple three-phase lumped network diagram represented in Figure 2. The variables
considered in Figure 2 represented for m node system with three phases a, b, c. Also
Rr1a, Re1p, Reaer Xr1a, X116, Xr1er Z1a_s: Z1p_s» Z1c_s are the self resistances, self reactances
and self impedances of lines for three phases a, b, ¢ respectively. Similarly, the mutual
impedance for the distributed network are Z15 1, Z12 , Z13_m can aslo be represented with
its respective parameters for system..

v] v5 Z1ls  Z12m  Z13m Zlnm| |
] _ |Zom Z22s Z3m Zonm il ©)
Ui UE Z31_m Z32_m  Z33_s Zcn_m lﬁ 2
0711 ?JS Znl_m  Zn2_m Zn3_m  Znn_s 1'512

where 211 s, 202 5,233 s is the self-impedance and Z1y ,, Z12 1, Z13_ is the mutual impedance
for the distributed network.

aben vgbcn

_ __ aben , :abcn
Obranch = U1 =z X1 (10)

where the branch voltage vy,q,c, the branch current i7", and the primitive impedance
matrix z??" are set in the distribution system.

-1
Yahcn (Zahcn) (11)
where Y is the primitive admittance matrix.

Z, =R, +JjX, lei.y =R, +JX,, Node

AN L—=

22275‘ =R, +JjX,,

Node
_LW
la A T

%275 =R, +jX, Z

mutual 12

Figure 2. The three-phase distributed network.
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All primary and secondary windings’ admittance as well as their per unit value are
considered in this analysis. In the balanced case study, all transformer topologies were
star wound. However, the unbalanced case study additionally included some delta con-
figurations. Therefore, the admittance matrix must be generated for conversion. Leakage
admittance has not been taken factored into the load flow estimations of the current study.
A power system that highlights fluctuating voltages as a result of different phase angles
or unbalanced voltage values is known as an unbalanced DN. Figure 3 illustrates the
representation of EV corridors in the single-line diagram of the IEEE 69 bus network.

2 I FIRST EV CORRIDOR
3
37 36 28 29 30 31 32 3 34 3
L e e
38 _\4 L\'
39 \5 |—|—|—|
~ a7 48 49 50
40 6 | T
SECOND EV CORRIDOR
41 7
B e
a2 8 | | I |
3 o 53 54 55 56 57 58 59 60 61 62 6
- | I | | | | | J
| 1 1 | I |
a4 10
THIRD EV CORRIDOR 64
11 66 s7|
22 —T=} | 65
1 I
as | . - -
13
=T &8 69
14
15 FOURTH EV CORRIDOR
I I [ I I I A AN N A
LI N R R R R R R R R
16 17 18 19 20 21 22 23 24 L5 26 27

Figure 3. Single-line diagram of the IEEE 69 bus network with EV corridors representation.

The Modelling Effect on Distribution Due to the Temperature Effect

In the radial distribution model uniformly distributed series resistance, series induc-
tance is defined in per unit length [35]. In this model, temperature is assumed to be a
constant parameter, but nowadays, many power electronic static devices are connected
to the system, and in static devices, temperature can affect performance. So, in this study,
temperature effects are considered for further load flow analysis [20-24].
(12)

Tactual

RIe = R (14 &( Toctuat — Tref)

where
T}er is the reference 20 degree temperature [33],
T is the radial line actual sessional global temperature,
RZTIZ; is the radial line resistance at reference in ohms,

RZT'ZZM is the radial line resistance at sessional temperature in ohms, and
« is the resistance temperature coefficient, considered as 0.0033/°C [33].

line _ vyline

@, Tactual Xw,T,ef (1 + ﬁ(Tactual - Tref)

(13)

where XZ”; is the radial line reactance at reference temperature in ohms, Xl’”j‘i is the
rLref W, Lgetual

radial line reactance at sessional temperature in ohms, w is the angular network frequency,
B is the reactance temperature coefficient [24] of the ACSR conductor, i.e., f = 0.00429
in/°C [20].

The steady-state current flowing through the radial conductor can be calculated by
the heat balance equation
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ieff _ \/(qcon + Grad + Gsol) (14)

current — Rl]{ne

where ii{l{rent is the effective current flowing in the radial line, gcon, Grad, G501 are the heat
losses by convection, radiation and solar heat consumed by the conductor, and the formulas
for calculation are mentioned in IEEE standard 738-2006 [29].

This study examines four cases of temperature change, varying the transmission line
bus parameters in a sessional and day—night manner. A temperature reference of 20 °C
is used while developing standard resistance and inductance. For the case study, the
average annual night temperature was 18 °C, while the average annual day temperature

was 32.33 °C. The details about the seasonal temperature are mentioned in Table 4.

Table 4. Monthly averaged weather data of India [20].

Month Tem.pDezr};ture Teml.\llaleg;;:ure S;'s’sesai;rzl ?ngr{p]%a(}:’ A"I"Iegmglog(l;lt
in °C in °C
Dec 23 7
Jan 23 6.5 Winter 23.33 7.83
Feb 24 10
Mar 32 14
Apr 37 20 Summer 37.33 19.66
May 43 25
Jun 38 29
Jul 36 26 Monsoon 36.33 26.66
Aug 35 25
Sep 35 23
Oct 35 19 mgr(l)ssct)on 3233 18
Nov 27 12

4. Proposed Methodology

The backward—forward load flow method was adopted for the distribution network,
and the backward—forward load flow analysis of the IEEE 69 bus, encompassing both
unbalanced and balanced loads, was performed with the aid of KVL and KCL.

4.1. Multi-Objective Function (MOFs)

Multi-objective functions are widely used in complex scenarios that require balancing
many objectives throughout the decision-making phase. MOFs allow for the optimized
performance of conditions with numerous objectives. This analysis takes into account
characteristics such as minimal voltage variation, minimal phase angle variation, and both
reactive and active power losses.

MOF = kﬂ X APIlossfindex + kb X V~D-Iindex + kC X Rpllossjndex (15)

where k;, kp, k. are the priority-based performance index weightage coefficients. The weight
factor in this work is determined using the weighted sum approach [46], which adds up
all of the specified weighted objectives to create a composite objective whose sum equals
unity. The analytic hierarchy process approach is used to generate the weight indexing
coefficient for each objective [47]. Here, the equation for the priority matrix (P) is provided,
with details given in Table 5.
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1 3 2
P=11/3 1 1/5
1/2 5 1
Table 5. The pairwise comparison matrix.
Parameters Active Power Losses  Voltage Deviation = Reactive Power Losses
Active power losses 1 3 2
Voltage deviation 1/3 1 1/5

Reactive power losses 1/2 5 1

Where 1—equal priority, 3—moderate, 5—strong, 7—very strong, 9—extreme and 2, 4, 6, and 8—intermediate
priority.

The weight factors that were calculated by the analytic hierarchy process approach
are 0.5012, 0.1185, and 0.3803; these are used in the objective function as the indexing
coefficients for k;, k;, and k.

The formulation of the distribution system performance index is as follows:

The Active Power Losses Index (APIjss index)

Phase_a Phase_b Phase_c
lossyith_pG,EV losswith_DG,EV losSwith_DG,EV
APIZOSS—i”d"’x - Phase_a+ Phase_h+ Phase_c (16)
10SSpgse losspgse 10SSpgse

The Reactive Power Losses Index (RPIjyss_index)

QPhase_a + QPhase_b + QPhase_c

losswith_pG,EV losswith_DG,EV lossyitn_pG,EV
RPIloss_index = = < = (17)

QPhase_a + QPhuse_b + QPhase_c

10SSpgse 10SSpase 10SSpgse

The Voltage Deviation Index (VDI)

Vphase.a = Vref  Vphase b = Vref  Vphase e = Vref)

V.D.I; = Maximum
index ( Vre f Vre f Vre f

(18)
where 1.0 pu is considered as V.
The details about the bus location in EV corridors in the IEEE69 bus network are given

in Table 6 with the EV corridors bus location, type, size and cost information to plan for the
different EV charging stations in the respective EV corridors.

4.2. Substation Power Supply Cost

The cost of supplying a grid substation is divided into various components, reflecting
the complexity and scope of the infrastructure required to properly manage and distribute
electricity. Here is a breakdown of the primary cost components connected with grid
substation supply [50]:

COStsub_station =Cs X (Psz + Qs%) (19)

where Ps, Qs are the active and reactive power supply by grid.

4.3. Cost of Energy Loss (Per Annum)

An electrical distribution system’s overall operational efficiency and expenses, partic-
ularly those of grid substations, are significantly influenced by energy loss costs. When
determining the annual cost of energy loss, it is vital to take into account the total energy
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provided to the distribution system year over year, the percentage of energy lost due to
resistance in transmission lines and transformers, and the cost of power per unit [49].

CELper_year = Piotal_1oss % (kepRr + kepRy + LF x 8760) (20)

Loss factor(LF) = Ry x If 4+ (1 — Ry) x If? (21)

where R;, is taken as 0.2, 0.47 is the load factor, k. is 57.6923 USD/kw for this test study,
and ke to plan for taken as 0.00961538 USD/kwh [49].

Table 6. Details about the bus location in EV corridors in the IEEE69 bus network.

. Type of EV - Size of EV Costs in
Corridor Name BUS No. Charging Application (kW) USD [1]
. . 2,3,4,5,6,7,8, 28,29, Home, workplace,
First EV Corridor 30,31, 32, 33, 34, 35 LEVEL 2 public stations 19.2 450-1000
Second EV 36,37,38,39,40,41, 42,43, Home, workplace,
Corridor 44,45, 46,47,48,49, 50, 51, 52 LEVEL 2 public stations 192 450-1000
DC fast EV
. . 9,10, 11,53, 54, 55, 56, 57, charging (public
Third EV Corridor 58,59, 60, 61, 62, 63, 64, 65, 66, 67 LEVEL 3 stations along 50 12,000-30,000
highways)
DC fast EV
Fourth EV 12,13, 14, 15, 16,17, 18, 19, charging (public g
Corridor 20, 21, 22,23, 24, 25, 26, 27, 68, 69 LEVEL 3 stations along 50 12,000-30,000
highways)

4.4. Distributed Generation (DG) Cost

DG is the decentralized production of energy close to the point of demand rather
than at a big, central facility. DG systems include solar PV, wind turbines, small-scale
hydro, biomass, fuel cells, and diesel generators. The cost of supplying power via DG
varies according to the type of generation technology used [49,50]. Equations (22) and (23)
represent the active and reactive power cost function.

Cppe = 81 X Phg + 82 X Ppg + 83 (22)

where Cp, . is the active power cost and Cg,, . is the reactive power cost.

2
Cope = [cost(l'“;ijG) - cost(\/((l'b;fPDG) S0 X (23)

where the coefficients are considered as g1 = 0, g» = 20, g3 = 0.25 and ¢; = 0.05-0.1.

4.5. Greenhouse Gas Emissions

Greenhouse gases (GHGs) are gases found in the atmosphere which cause global
warming and the greenhouse effect. It is imperative to reduce greenhouse gas emissions in
order to mitigate the effects of global warming on ecosystems and human societies. In order
to combat climate change and advance a sustainable future, greenhouse gas emissions must
be reduced. The pollutant emission factor for CO; is 632.0 g/kWh, whereas that for SO,
is 2.74 g/kWh and that for NOx is 1.34 g/kWh [52]. The typical greenhouse gas emission
calculation formula is [54].

Gemission = Egrid X Gemffactor X (1 - Grefefficency) (24)
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where Gy cfficency is the overall greenhouse reduction efficiency, Gy factor is the green-
house emission factor (g/kWh), and E,,s represents the entire substation power capacity
in (KWh).

4.6. Constraints

Power system constraints and limitations are essential elements that need to be taken
into account during planning and operation to ensure effective, reliable, and stable power.
To maintain system stability, power system design requires certain limitations. Limits need
to be defined for voltage limits, active and reactive power demand, power balance, and the
number of EV charging stations [4].

Ugnin < Vhus < Z)ﬁnax
Plrixg}m <P g < Pégm
Q" < Qi < Q"
Ppy + PDistrubut_ionJoad = PpG + Pgrid
NEES < Necs

4.7. Particle Swarm Optimization

The PSO originated from a social interaction that resulted from the combination of
biological mobility and swarm intelligence behavior. The PSO developer looks for the ideal
place to gather food for the group as well as for individuals while travelling in a swarm.
Each particle in the swarm is separately represented by the vector x(t) and velocity v(t).
Each particle in the swarm uses its individual experience to guide it towards the food.
Swarms follow each other as they look for the optimal spot. To update location and velocity
in the direction of the food hunt, the swarm optimizes in two stages: locally best first, and
then group global best [51].

Y;S,;l = kp X (al X1y X (Gbest - an:n) +ax X1y X (Ghest - Yin:n)) (25)

where 1,7, are random variables with values ranging from 0 to 1 and k, is the PSO weight
factor, a1, a; are PSO acceleration coefficients. Figures 4 and 5 show the flow chart of the
proposed methodology and PSO the optimization flow chart, respectively.

‘ Study and analyse the performance of

balanced IEEE 69 and modified in
unbalance IEEE 69 distribution system

v
Modified the distribution line
parameters with variable temperature

v

Find optimal location and size of DG
and optimal location for EV charging
station with optimization technique

A

Integrate EV and optimal DG in
distribution system

v

Analysis the comparative results with
different performance parameters

Figure 4. Flow chart of the proposed methodology.
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Calculate
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velocity of
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the
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factor of
each
particle

Initialize
PSO

Optimization

Constraints
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velocity &
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of each
particles

Repeat
step until
the best
condition
meet

Update
individual
and global
bests

Figure 5. PSO optimization flow chart.

5. Results and Discussion

A three-phase IEEE 69 bus network has been taken as a reference to analyze the
implemented work parameters for this comparative study. The data of IEEE 69 bus three
phase balanced and modified unbalanced system is given in Appendix A. In the distribution
network, due to the large R/X ratio, the three-phase backward—forward load flow sweep
method is used to compute the three-phase balanced and modified unbalanced system. In
this study, temperature-dependent effected parameters are considered in three cases. In
Case |, all the performance parameters are computed in standard reference temperature. In
Case 11, the average night temperature of 18 °C is considered, and in Case I1I, the average
day temperature of 32.33 °C is considered to analyze the line parameters effect for different
seasons. In all the cases, DG and four mixed-level EV corridors integrated to improve the
performance as well as economics and environmental factors. To maximize the objective
benefit, DG and EV location in optimal place and size with the help of PSO optimization
technique. All three cases perform in both balanced and modified unbalanced networks
with the same objective, and performance parameters have been measured for discussion
in this work.

The optimal size and location of DG and EV were computed with the help of PSO,
which is tabulated in Tables 7 and 8 in all three considered cases. In both the balanced
and unbalanced bus systems, DG 2 is located at bus no 50 in all cases, but DG1’s optimal
location changes in all cases as per tabular data. The EV1 and EV2 are located in the
first and second corridors, and their size is 19.2 kW, but EV3 and EV4 are located in the
third and fourth corridors with a size of 50 kW. The minimum, maximum value of voltage
and the average voltage deviation for balanced and unbalanced networks are given in
Tables 9 and 10.

Table 7. DG and EV size and location in IEEE-69 balanced network.

IEEE 69 Casel Case II Case III
BAL- Size Bus Size Bus Size Bus
ANCE P (kW) Q (kW) Location P (kW) Q (kW) Location P (kW) Q (kW) Location
DG1 655.74 262.384 18 657.03 406.64 15 499.78 410.69 16
DG2 1721.44 1150 50 1850 1137.81 50 1850 1150 50
E\(’k"sl\%E LE]%L EYk%?E EV TYPE E‘(/k%%E EV TYPE
EV1 19.2 LEVEL 2 35 19.2 LEVEL 2 2 19.2 LEVEL 2 5
EV2 19.2 LEVEL 2 38 19.2 LEVEL 2 49 19.2 LEVEL 2 52
EV3 50 LEVEL 3 10 50 LEVEL 3 60 50 LEVEL 3 64
EV4 50 LEVEL 3 24 50 LEVEL 3 69 50 LEVEL 3 20
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Table 8. DG and EV size and location in the modified IEEE-69 unbalanced network.
Modified Case I Case II Case III
IEEE 69 Size Bus Size Bus Size Bus
Unbalance P (kW) Q (kVAr) Location P (kW) Q (kVAD) Location P (kW) Q (kVAr) Location
DG1 520.41642 434.3319 17 493.1669 377.1205 17 577.1405 407.9346 16
DG2 1703.1085 1150 50 1850 1150 50 1850 1150 50
EV SIZE EV EV SIZE
- (kW) LEVEL EVSIZE EVTYPE LOCATION (kW) EVTYPE -
EV1 19.2 LEVEL 2 2 19.2 LEVEL 2 29 19.2 LEVEL 2 30
EV2 19.2 LEVEL 2 52 19.2 LEVEL 2 36 19.2 LEVEL 2 44
EV3 50 LEVEL 3 56 50 LEVEL 3 59 50 LEVEL 3 55
EV4 50 LEVEL 3 23 50 LEVEL 3 18 50 LEVEL 3 18
Table 9. Minimum, maximum voltage and average deviation in the balanced network.
Case I Case II Case III
Modified IEEE 69 Balance Without With DG Without With DG . With DG
DGandEV  andEV ~ DGandEV  and EV Without DG and EV and EV
Minimum voltage Phase A/
. 8 Phase B/ 0.82497 0.96052 0.88291 0.97376 0.82497 0.96052
Deviation
Phase C
Maximum voltage Phase A/
m vortag Phase B/ 1 1.00049 1 1.0043 1 1.00001
Deviation
Phase C
Phase A/
Average voltage Phase B/ 0.97337 0.99783 0.97466 0.9996 0.96403 0.99706
Phase C

Table 10. Minimum, maximum voltage and average deviation in the unbalanced network.

Case I Case II Case III
Modified IEEE 69 Unbalance = Without DG With DG Without DG With DG Without DG With DG

and EV and EV and EV and EV and EV and EV

o Phase A 0.87662 0.96641 0.88291 0.97376 0.82497 0.96052
Minimum

voltage Phase B 0.92389 0.99528 0.92756 0.99629 0.89514 0.99563

Deviation Phase C 0.92511 0.98724 0.92872 0.98792 0.89699 0.98443

, Phase A 1.00000 1.00000 1.00000 1.00000 1.00000 1.00244
Maximum

voltage Phase B 1.00000 1.00734 1.00000 1.01239 1.00000 1.01544

Deviation Phase C 1.00000 1.00835 1.00000 1.01334 1.00000 1.01686

Phase A 0.96885 0.99333 0.97041 1.00094 0.95736 0.99325

?ZT::‘gg: Phase B 0.97714 1.00005 0.97823 0.99785 0.96923 1.00178

Phase C 0.97372 0.99682 0.97497 1.00094 0.96456 0.99748

The voltage profiles for every case are displayed in Figures 6-11. In Figures 6-8, all
three cases are evaluated in balance load data, but at the same time, Figures 9-11 show the
modified unbalanced load data in all three phases, the magnitude of minimum, maximum,
and average voltage deviation voltage is tabulated in Tables 9 and 10. The minimum
voltage found in Case 1II, in unbalanced case phase A, is 0.82497 pu without DG and



World Electr. Veh. ]. 2024, 15, 425

19 of 30

Voltage P.U.

u.

Voltage P.

EV integration, but after integration, it improves. The maximum voltage is 1.00244 pu
in unbalanced case phase A after the DG and EV integration. In all the cases, per-phase

voltage improves after the DG and EV integration.

Voltage Profile case | (Balanced IEEE 69 Bus System)
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Figure 6. Voltage profile for Case I (per phase) in the balanced load case.
(05 Voltage Profile case Il (Balance IEEE 69 Bus System)

: rrrr -t T 1"t T Tt 1t 11 1 1 1 1T 17 1T T 1T 1T T T T T T T T T T
1.04 - -
1.02 - -

1460wy B O B el S
0.98 — |
0.96 - --.-.—J \\ , |
1
0.94 - ' _
0.92 _

09— |
0.88 - .
0.86 - .

N \/olt (phase A-base) e Volt (phase B-hase) ===1\/olt (phase C-base)
0.84 msm=Volt (phase A with DG & EV) = Volt (phase B with DG & EV) == Volt (phase C with DG & EV) _
0.82 E I I O S I I Sy ) I S N O SO
1 3 5 7 9 1 131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67

Bus No.

Figure 7. Voltage profile for Case II (per phase) in the balanced load case.
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Figure 8. Voltage profile for Case III (per phase) in the balanced load case.

Voltage Profile case | (Modified IEEE 69 Unbalance Bus System)
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Figure 9. Voltage profile for Case I (per phase) in the unbalanced load case.

Table 11 shows the economics analysis for the CEL and DG installation cost estimated
in all the cases and conditions. In the balanced case, DG costs are 29,370.13, 32,116.41,
32,454 USD, and in the unbalanced case, these are 32,945.71, 31,756.02, 32,454 USD in case I,
case II, and case III. The CEL savings after DG and EV integration increased by 95.96, 96.01,
96.05 percent in balance and 91.79%, 92.06%, 92.46% in unbalanced cases.
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105 Voltage Profile case Il (Modified Unbalance IEEE 69 Bus System)
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Figure 10. Voltage profile for Case II (per phase) in the unbalanced load case.
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Figure 11. Voltage profile for Case III (per phase) in the unbalanced load case.

In this study, active and reactive power loss reduction is the prime objective with
the integration of both DG and EV; here, a three-phase analysis has been performed to
find out all per-phase branch losses. In balance bus condition, active losses are 225.03 kW,
213.824 kW, and 250.337 kW in case I, case I, and case IlI, and the reactive power losses are
102.116 kVAr,95.046 kVAr, 238.961 kVAr. Then, after DG and EV, its losses were reduced.
Modified three-phase unbalanced case active and reactive power loss data are tabulated
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in Tables 12 and 13. Here, due to unbalanced load distribution in the three phases, the
system becomes more nonlinear; thus, active and reactive loss increases compared to the
balanced case. When computing the loss without DG and EV, the total active power losses
are 242.698 kW, 230.111 kW, 273.857 kW, and total reactive power losses are 112.066 kVAr,
105.031 kVAr, 261.413 kVAr in three cases, respectively. But after DG and EV integration
in optimal location and size losses decrease in all the case scenarios, individual per phase
active and reactive loss data are tabulated in Tables 12 and 13.

Table 11. CEL, DG cost in the IEEE-69 balanced network and the modified IEEE-69 unbalanced

network.
E . IEEE 69 Bus Network Modified IEEE 69 Unbalance Bus Network
C;;(t)omrlc DG CEL(USD)_Without CEL(USD)_With  CEL Saving DG CEL(USD)_Without CEL(USD)_With CEL Saving
COST(USD) DG and EV DG and EV in % COST(USD) DG and EV DG and EV in %
Casel 29,370.13 18,111.65 730.95 95.96% 32,945.71 19,536.04 1604.09 91.79%
Case Il 32,116.41 17,211.83 686.89 96.01% 31,756.02 18,538.92 1472.32 92.06%
Case I1I 32,454.00 20,150.92 706.16 96.50% 32,454.00 22,044.15 1662.38 92.46%
Table 12. Active and reactive power loss in IEEE-69 balanced network.
Case I Case II Case III
IEEE 69 Balance Network Without DG With DG Without DG With DG Without DG With DG
and EV and EV and EV and EV and EV and EV
Phase A 75.001 3.027 71.275 2.844 83.446 2.924
Active power Phase B 75.001 3.027 71.275 2.844 83.446 2.924
loss (kW) Phase C 75.001 3.027 71.275 2.844 83.446 2.924
Total 225.003 9.081 213.824 8.533 250.337 8.773
Phase A 34.055 3.015 31.955 2.732 79.654 2.791
Reactive Phase B 34.055 3.015 31.955 2732 79.654 2.791
power loss "
(KVAT) Phase C 34.055 3.015 31.955 2.732 79.654 2.791
Total 102.166 9.046 95.864 8.197 238.961 8.374
Table 13. Active and reactive power loss in the modified IEEE-69 unbalanced network.
Casel Case II Case III
Modified IEEE 69 Unbalance = Without DG With DG Without DG With DG Without DG With DG
and EV and EV and EV and EV and EV and EV
Phase A 128.146 12.173 121.262 9.217 148.325 10.550
Active power Phase B 54.165 2.448 51.553 3.004 59.449 3.562
loss (kW) Phase C 60.388 5.307 57.496 6.070 66.082 6.540
Total 242.698 19.928 230.311 18.291 273.857 20.652
Phase A 58.758 9472 54.925 7.958 141.585 10.071
Reactive Phase B 23.697 0.949 22.262 1.143 56.748 3.400
power loss
(KVAT) Phase C 29.611 5.577 27.844 5.622 63.079 6.243
Total 112.066 15.998 105.031 14.724 261.413 19.713

The emission of harmful greenhouse gas parameters is also reduced in this case study,
which is tabulated in Table 14. Here, CO,, SO,, NOy, and CO gas are considered for
calculation as per Equation (24). The total emission of greenhouse gases is 632.468 g/kWh,
and their effect is calculated with and without DG and EV cases in both balanced and
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unbalanced conditions. In the balanced case, the emission was reduced by 61.4%, 64.5%, and
60.98% in all three study cases, and in the modified unbalanced condition, it was reduced
by 57.55%, 60.39%, and 62.79%. Table 15 shows the comparative analysis of grid supply
efficiency in balanced and unbalanced networks in all cases. The results analysis shows that
the efficiency has increased while considering the DG and EV planning in the distribution
network. The total power losses and efficiency for different cases of the balanced system
for the case I at standard temperature are 247.1118 MVA and 95.27% (without DG and
EV) and 12.81775 MVA and 99.71% (with DG and EV), for case II at 18 °C temperature are
234.3301 MVA and 95.51% (without DG and EV) and 11.83228 MVA and 99.73% (with DG
and EV) and for case III at 32.33 °C temperature are 346.0794 MVA and 92.75% (without
DG and EV) and 12.12804 MVA and 99.70% (with DG and EV), respectively. Similarly,
for the different cases of the unbalanced system the total power losses and efficiency for
the case I at standard temperature are 267.3221 MVA and 94.34% (without DG and EV)
and 25.55506 MVA and 99.46% (with DG and EV), for case II at 18 °C temperature are
253.1297 MVA and 94.62% (without DG and EV) and 23.48099 MVA and 99.51% (with DG
and EV) and for case III at 32.33 °C temperature are 378.5953 MVA and 92.79% (without
DG and EV) and 28.55009 MVA and 99.42% (with DG and EV) correspondingly. This
analysis clearly shows that the losses are increased, and the efficiency is reduced with the
increment in the temperature for the balanced and unbalanced systems. Here, it is clearly
found that the unbalanced nature will also affect system performance by temperature
variations. As shown in the analysis, the losses are always high and the efficiency is low for
the unbalanced system as compared to the balanced system.

Table 14. Emission factor calculation.

Emission of Greenhouse Gases in g/lkWh Greenhouse Emission
Emissi IEEE 69 Balanced Case Emission of Gas Yearly (éree;hm;se Saving
rl?lstsmn Greenhouse Gas  in Tonnes . a?r eary after
actor CO, SO, NOx Cco in g/lkWh without mf ONNeS  Renewable
(g/kWh) (g/kWh) (g/kWh) (g/kWh) DG after DG DG
Case | 22,311.93 8612.76 61.40%
Case II 623 6.48 2.88 0.1083 632468 22,250.02 7898.54 64.50%
Case II1 22,452.26 8761.12 60.98%
Modified IEEE 69 Unbalanced case
Case | 22,409.90 9513.67 57.55%
Case II 623 6.48 2.88 0.1083 632.468 22,341.29 8849.41 60.39%
Case III 22,582.49 8402.40 62.79%
Table 15. Comparison of distribution system efficiency for different cases.
Total
Total Power Total S).'s.t em System
Power Efficiency . .
. . Power Loss . . Efficiency
Comparative Analysis . Loss with without .
Demand without with DG
DG and DG and
(MVA) DG and EV (MVA) EV and EV
EV (MVA)
Casel 4660.214 247.1118 12.81775 95.27% 99.71%
IEEE 69
Balance Case II 4660.214 234.3301 11.83228 95.51% 99.73%
Case III 4660.214 346.0794 12.12804 92.75% 99.70%
Modified Casel 4660.214 267.3221 25.55506 94.34% 99.46%
IEEE 69 Case 11 4660.214 253.1297 23.48099 94.62% 99.51%
Unbalance == 11 4660214 3785953 2855009 92.79% 99.42%
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6. Conclusions

This study analyzed and evaluated three cases of unbalanced and balanced load
distributions on an IEEE 69 bus, taking into account global average temperature changes
during the day and night. Temperature variations affect system performance parameters,
showing the complexity of the present configuration. This study proposes EV charging
stations with optimal DG location with 3.64% EV load penetration. Here, DG mitigates
the impact of the load on EV charging stations. In all cases, greenhouse gas emissions
are lowered by 60.98-64.5% in the balanced scenario and 57.55-62.79% in the unbalanced
scenario. The annual cost of energy loss was minimized by almost 96% in balance and
almost 92% in unbalanced network in all the cases after the DG and EV integration in
the test bus network. This study’s multi-objective function is employed to figure out the
optimal bus location along with the size of distributed DG and EV. The incorporation of DG
and EV into the present network lowered both reactive and active power loss. This variation
in global temperature comparison research demonstrates the technological, economic, and
environmental impacts of balanced versus unbalanced networks. The main characteristic
of unbalanced systems is voltage stability, which is reduced, and the system becomes more
complex when compared to balance. The optimal location of DG and EV also varies with
unbalanced load distribution. The CEL and GHG savings are similarly diminished when
operating the same load in an imbalanced situation. Active and reactive power losses are
increased, and the size of the DG and cost are increased. However, it can be concluded
that if any network needs reconstruction with DG and EV, the unbalancing effect of the
load must always be considered. Performance, like efficiency, stability, and losses are also
affected by temperature variation under balanced and unbalanced conditions.
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GHG Greenhouse Gases
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DERs Distributed Energy Resources
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DSTATCOM  Distribution Static Synchronous Compensator
PV Photovoltaic
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Appendix A. The Data of IEEE 69 Bus Three Phase Balanced and Modified Unbalanced System
IEEE 69 Balanced (Three-Phase Load Data) Modified IEEE 69 Unbalanced (Three-Phase Load Data)
Bus Three- transformer Active Reactive Active Reactive Active Reactive Phase . Active Reactive Active Reactive Active Reactive
Node Pl:lasg Copnec- Bus Power Power Power Power Power Power Distri- Connection  Power Power Power Power Power Power
No. Distri- tion Type (Phase (Phase (Phase (Phase (Phase (Phase bution type (Phase (Phase (Phase (Phase (Phase (Phase
bution Type A) A) B) B) Q) Q) A) A) B) B) Q) Q)
1 ABC Y slack 0 0 0 0 0 0 ABC Y 0 0 0 0 0 0
2 ABC Y PQ 0 0 0 0 0 0 ABC Y 0 0 0 0 0 0
3 ABC Y PQ 0 0 0 0 0 0 ABC Y 0 0 0 0 0 0
4 ABC Y PQ 0 0 0 0 0 0 ABC Y 0 0 0 0 0 0
5 ABC Y PQ 0 0 0 0 0 0 ABC Y 0 0 0 0 0 0
6 ABC Y PQ 0.867 0.733 0.867 0.733 0.867 0.733 AB Y 1.3 1.1 13 1.1 0 0
7 ABC Y PQ 13.467 10.000 13.467 10.000 13.467 10.000 A D 404 30 0 0 0 0
8 ABC Y PQ 25.000 18.000 25.000 18.000 25.000 18.000 BC Y 0 0 375 27 37.5 27
9 ABC Y PQ 10.000 7.333 10.000 7.333 10.000 7.333 B Y 0 0 30 22 0 0
10 ABC Y PQ 9.333 6.333 9.333 6.333 9.333 6.333 C Y 0 0 0 0 28 19
11 ABC Y PQ 48.333 34.667 48.333 34.667 48.333 34.667 ABC Y 48.33 34.67 48.33 34.67 48.33 34.67
12 ABC Y PQ 48.333 34.667 48.333 34.667 48.333 34.667 ABC Y 48.33 34.67 48.33 34.67 48.33 34.67
13 ABC Y PQ 2.667 1.833 2.667 1.833 2.667 1.833 A Y 8 5.5 0 0
14 ABC Y PQ 2.667 1.833 2.667 1.833 2.667 1.833 B Y 0 0 8 55
15 ABC Y PQ 0.000 0.000 0.000 0.000 0.000 0.000 ABC Y 0 0 0
16 ABC Y PQ 15.167 10.000 15.167 10.000 15.167 10.000 C Y 0 0 0 455 30
17 ABC Y PQ 20.000 11.667 20.000 11.667 20.000 11.667 A Y 60 35 0 0
18 ABC Y PQ 20.000 11.667 20.000 11.667 20.000 11.667 B Y 0 0 60 35
19 ABC Y PQ 0.000 0.000 0.000 0.000 0.000 0.000 ABC Y 0 0
20 ABC Y PQ 0.333 0.200 0.333 0.200 0.333 0.200 AC Y 0.5 0.3 0 0 0.5 0.3
21 ABC Y PQ 38.000 27.000 38.000 27.000 38.000 27.000 C Y 0 0 0 0 114 81
22 ABC Y PQ 1.767 1.167 1.767 1.167 1.767 1.167 A Y 5.3 3.5 0 0
23 ABC Y PQ 0.000 0.000 0.000 0.000 0.000 0.000 ABC Y 0 0 0 0
24 ABC Y PQ 9.333 6.667 9.333 6.667 9.333 6.667 B Y 0 0 28 20
25 ABC Y PQ 0.000 0.000 0.000 0.000 0.000 0.000 ABC D 0 0 0 0
26 ABC Y PQ 4.667 3.333 4.667 3.333 4.667 3.333 C Y 0 0 0 14 10
27 ABC Y PQ 4.667 3.333 4.667 3.333 4.667 3.333 A Y 14 10 0 0 0
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IEEE 69 Balanced (Three-Phase Load Data) Modified IEEE 69 Unbalanced (Three-Phase Load Data)
Bus Three- transformer Active Reactive Active Reactive Active Reactive Phase . Active Reactive Active Reactive Active Reactive
Node Pl'lasg annec- Bus Power Power Power Power Power Power Distri- Connection  Power Power Power Power Power Power
No. Distri- tion Type (Phase (Phase (Phase (Phase (Phase (Phase bution type (Phase (Phase (Phase (Phase (Phase (Phase
bution Type A) A) B) B) Q) Q) A) A) B) B) Q) Q)
28 ABC Y PQ 8.667 6.200 8.667 6.200 8.667 6.200 B Y 0 0 26 18.6 0 0
29 ABC Y PQ 8.667 6.200 8.667 6.200 8.667 6.200 C Y 0 0 0 0 26 18.6
30 ABC Y PQ 0.000 0.000 0.000 0.000 0.000 0.000 ABC Y 0 0 0 0 0 0
31 ABC Y PQ 0.000 0.000 0.000 0.000 0.000 0.000 ABC Y 0 0 0 0 0 0
32 ABC Y PQ 0.000 0.000 0.000 0.000 0.000 0.000 ABC Y 0 0 0 0 0 0
33 ABC Y PQ 4.667 3.333 4.667 3.333 4.667 3.333 A Y 14 10 0 0 0 0
34 ABC Y PQ 6.500 4.667 6.500 4.667 6.500 4.667 B Y 0 0 19.5 14 0 0
35 ABC Y PQ 2.000 1.333 2.000 1.333 2.000 1.333 ABC Y 1.33 2 1.33 2 1.33
36 ABC Y PQ 0.000 0.000 0.000 0.000 0.000 0.000 ABC Y 0 0 0 0 0
37 ABC Y PQ 26.333 18.800 26.333 18.800 26.333 18.800 ABC Y 26.34 18.8 26.34 18.8 26.34 18.8
38 ABC Y PQ 128.233 91.500 128.233 91.500 128.233 91.500 C Y 0 0 0 0 384.7 274.5
39 ABC Y PQ 128.233 91.500 128.233 91.500 128.233 91.500 Y 384.7 274.5 0 0 0 0
40 ABC Y PQ 13.500 9.433 13.500 9.433 13.500 9.433 B D 0 0 40.5 28.3 0 0
41 ABC Y PQ 1.200 0.900 1.200 0.900 1.200 0.900 AB Y 1.8 1.35 1.8 1.35 0 0
42 ABC Y PQ 1.450 1.167 1.450 1.167 1.450 1.167 C Y 0 0 0 0 435 3.5
43 ABC Y PQ 8.800 6.333 8.800 6.333 8.800 6.333 BC Y 0 0 13.2 9.5 13.2 9.5
44 ABC Y PQ 8.000 5.733 8.000 5.733 8.000 5.733 ABC Y 8 5.73 8 5.73 8 5.73
45 ABC Y PQ 0.000 0.000 0.000 0.000 0.000 0.000 ABC Y 0 0 0 0 0 0
46 ABC Y PQ 0.000 0.000 0.000 0.000 0.000 0.000 ABC Y 0 0 0 0 0 0
47 ABC Y PQ 0.000 0.000 0.000 0.000 0.000 0.000 ABC Y 0 0 0 0 0 0
48 ABC Y PQ 33.333 24.000 33.333 24.000 33.333 24.000 A Y 100 72 0 0 0 0
49 ABC Y PQ 0.000 0.000 0.000 0.000 0.000 0.000 ABC Y 0 0 0 0 0 0
50 ABC Y PQ 414.667 296.000 414.667 296.000 414.667 296.000 ABC Y 414.66 296 414.66 296 414.66 296
51 ABC Y PQ 10.667 7.667 10.667 7.667 10.667 7.667 AB Y 16 11.5 16 11.5 0 0
52 ABC Y PQ 0.000 0.000 0.000 0.000 0.000 0.000 ABC Y 0 0 0 0 0
53 ABC Y PQ 75.667 54.000 75.667 54.000 75.667 54.000 A Y 227 162 0 0 0
54 ABC Y PQ 19.667 14.000 19.667 14.000 19.667 14.000 BC Y 29.5 21 29.5 21
55 ABC Y PQ 6.000 4333 6.000 4.333 6.000 4333 B Y 18 13 0 0
56 ABC Y PQ 6.000 4333 6.000 4.333 6.000 4333 C Y 0 0 18 13
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IEEE 69 Balanced (Three-Phase Load Data) Modified IEEE 69 Unbalanced (Three-Phase Load Data)
Bus Three- transformer Active Reactive Active Reactive Active Reactive Phase . Active Reactive Active Reactive Active Reactive
Node Pl'lasg annec- Bus Power Power Power Power Power Power Distri- Connection  Power Power Power Power Power Power
No. Distri- tion Type (Phase (Phase (Phase (Phase (Phase (Phase bution type (Phase (Phase (Phase (Phase (Phase (Phase
bution Type A) A) B) B) Q) Q) A) A) B) B) Q) Q)
57 ABC Y PQ 9.333 6.667 9.333 6.667 9.333 6.667 ABC Y 9.33 6.66 9.33 6.66 9.33 6.66
58 ABC Y PQ 9.333 6.667 9.333 6.667 9.333 6.667 ABC D 9.34 6.67 9.34 6.67 9.34 6.67
59 ABC Y PQ 8.667 6.183 8.667 6.183 8.667 6.183 A Y 26 18.55 0 0 0 0
60 ABC Y PQ 8.667 6.183 8.667 6.183 8.667 6.183 B Y 26 18.55 0 0
61 ABC Y PQ 0.000 0.000 0.000 0.000 0.000 0.000 ABC Y 0 0 0 0
62 ABC Y PQ 8.000 5.667 8.000 5.667 8.000 5.667 C Y 0 0 0 24 17
63 ABC Y PQ 8.000 5.667 8.000 5.667 8.000 5.667 A Y 24 17 0 0 0 0
64 ABC Y PQ 0.400 0.333 0.400 0.333 0.400 0.333 B Y 0 1.2 1 0 0
65 ABC Y PQ 0.000 0.000 0.000 0.000 0.000 0.000 ABC Y 0 0 0 0 0
66 ABC Y PQ 2.000 1.433 2.000 1.433 2.000 1.433 AC Y 3 2.15 0 0 3 2.15
67 ABC Y PQ 0.000 0.000 0.000 0.000 0.000 0.000 ABC Y 0 0 0 0 0
68 ABC Y PQ 13.073 8.767 13.073 8.767 13.073 8.767 C Y 0 0 0 39.22 26.3
69 ABC Y PQ 13.073 8.767 13.073 8.767 13.073 8.767 A Y 39.22 26.3 0 0 0 0
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