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ABSTRACT 

 

M. Sc. Thesis 

 

THE EFFECT OF CHARGING ELECTRIC VEHICLES ON DISTRIBUTION 

GRID OF THE RESIDENTIAL AREA 

 

Abdullah GHAYTH  

 

Karabük University 

Institute of Graduate Programs  

Department of Electrical and Electronics Engineering 

 

Thesis Advisor: 

Assist. Prof. Dr. Mehmet ŞİMŞİR 

 June 2024, 79 pages 

 

This thesis investigates the effect of electric vehicle (EV) charging on the electricity 

distribution grids of residential areas. With the rapid increase in EV adoption, the 

additional load from EV charging poses potential challenges to existing residential 

distribution grids. The primary focus of this research is to understand how EV 

charging affects grid stability, power quality, and energy losses. To this end, a 

detailed model of the distribution grid was developed, incorporating the variable 

loads induced by EV charging over different periods. Through this model, the study 

explores the relationship between EV adoption rates and charging patterns, 

particularly analyzing their effects on the voltage profiles within the grid. 

Furthermore, the research quantifies the extent of power losses resulting from the 

increased demand created by EV charging. The findings aim to offer insights into the 

grid management complexities introduced by EVs and suggest practical approaches 

for enhancing grid reliability and efficiency. The results are intended to aid utilities 
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and policymakers in making informed decisions to accommodate the growing 

presence of EVs, ensuring a smoother transition towards sustainable transportation 

electrification. 

 

Keywords : Electric Vehicles, Residential Distribution Grid, EV Charging 

Impact, Grid Stability, Power Losses, Voltage Profile. 

Science Code : 90513 
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ÖZET 

 

Yüksek Lisans Tezi 

 

ELEKTRİK ARABALARININ ŞARJ EDİLMESİNİN KONUT 

ALANLARINDAKİ DAĞITIM ŞEBEKESİ ÜZERİNDEKİ ETKİSİ 

 

Abdullah GHAYTH 

 

Karabük Üniversitesi 

Lisansüstü Eğitim Enstitüsü 

Elektrik ve Elektronik Mühendisliği Anabilim Dalı 

 

Tez Danışmanı: 

Dr. Öğr. Üyesi Mehmet ŞİMŞİR 

Haziran 2024, 79 sayfa 

 

Bu tez, elektrikli araçların (EV) şarj olmasının konut alanlarının elektrik dağıtım 

şebekeleri üzerindeki etkisini araştırmaktadır. Elektrikli araçların hızla artan 

benimsenmesi ile birlikte, EV şarjından kaynaklanan ek yük, mevcut konut dağıtım 

şebekeleri için potansiyel zorluklar oluşturmaktadır. Bu araştırmanın temel odak 

noktası, EV şarjının şebeke istikrarını, güç kalitesini ve enerji kayıplarını nasıl 

etkilediğini anlamaktır. Bu amaçla, farklı dönemlerde EV şarjı tarafından indüklenen 

değişken yükleri içerecek şekilde detaylı bir dağıtım şebekesi modeli geliştirilmiştir. 

Bu model aracılığıyla, çalışma EV benimseme oranları ile şarj modelleri arasındaki 

ilişkiyi araştırmakta, özellikle şebeke içindeki voltaj profilleri üzerindeki etkilerini 

analiz etmektedir. Ayrıca, araştırma EV şarjından kaynaklanan artan talep sonucu 

ortaya çıkan güç kayıplarının boyutlarını nicel olarak belirlemektedir. Bulgular, 

EV'lerin getirdiği şebeke yönetimi karmaşıklıklarına dair içgörüler sunmayı ve 

şebeke güvenilirliği ile verimliliğini artırmak için pratik yaklaşımlar önermeyi 
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amaçlamaktadır. Sonuçlar, elektrikli araçların artan varlığını karşılamak için bilinçli 

kararlar alınmasına yardımcı olmak üzere kamu hizmetleri ve politika yapıcılarına 

yöneliktir, sürdürülebilir taşımacılığa elektrifikasyonuna doğru daha sorunsuz bir 

geçiş sağlamayı hedeflemektedir. 

 

Anahtar Kelimeler : Elektrikli Araçlar, Dağıtım Şebekesi, EV Şarj Etkisi, Şebeke 

Kararlılığı, Güç Kayıpları, Gerilim Profili. 

Bilim Kodu : 90513 
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PART 1 

 

INTRODUCTION 

 

Recently, the global energy landscape is predominantly reliant on fossil fuels for both 

electricity generation and transportation needs [1]. However, a confluence of 

emerging energy and environmental concerns, coupled with geopolitical instabilities, 

economic challenges, energy security apprehensions, and the impending depletion of 

fossil fuel reservoirs, has served as a clarion call for industries within these sectors to 

explore alternative energy solutions [2]. Consequently, there has been a discernible 

paradigm shift within the transportation domain towards the rapid electrification of 

vehicles as a viable substitute for traditional internal combustion engine (ICE) 

counterparts. This transition towards electric vehicles (EVs) has been primarily 

precipitated by the implementation of pragmatic policies aimed at curbing 

environmental degradation, particularly in terms of greenhouse gas (GHG) 

emissions, and fostering the long-term sustainability of the transportation sector 

[3,4]. 

 

Furthermore, the integration of EVs into the transportation ecosystem holds promise 

for significant fiscal savings earmarked for environmental preservation endeavors, 

alongside a consequential reduction in the reliance on finite oil resources [5]. The 

manifold advantages inherent in EV adoption have catalyzed a global acceleration in 

its uptake, buoyed by supportive governmental policies such as tax incentives, the 

provision of EV-friendly infrastructure including parking and transit facilities, as 

well as toll exemptions [6,7]. Moreover, with certain nations either enacting or 

contemplating stringent regulations pertaining to vehicular emissions, automotive 

manufacturers have been compelled to recalibrate their strategies, with concerted 

efforts directed towards minimizing the emissions output of ICE vehicles while 

concurrently investing in the research and development of cutting-edge EV 

technologies. This adaptive response underscores the industry's commitment to 
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aligning with evolving environmental benchmarks and reinforces the pivotal role that 

EVs are poised to play in shaping the future of sustainable transportation [8]. 

 

The burgeoning electric vehicle (EV) market has undergone a trajectory of 

exponential expansion, evidenced by its attainment of sales figures surpassing the 10 

million marks in the annum of 2022. This ascendant trend is further underscored by 

the revelation that 14% of all recent automotive acquisitions in 2022 constituted 

electric vehicles, marking a discernible uptick from the approximate figures of 9% 

and less than 5% observed in the preceding years of 2021 and 2020, respectively. 

Within the landscape of global EV commerce, three salient markets have emerged as 

stalwarts. Foremost among these is the Chinese market, which, once more, has 

asserted its preeminence by commanding approximately 60% of the aggregate global 

electric vehicle sales. Notably, China now harbors in excess of half of the total global 

EV fleet, thus surpassing its projected milestone for new energy vehicle sales 

earmarked for the year 2025 [9,10]. 

 

Meanwhile, in Europe, the secondary but nonetheless pivotal market for electric 

vehicles, a conspicuous surge of over 15% in electric car transactions transpired in 

2022. Consequently, this translated to an epoch-making milestone wherein more than 

one out of every five automotive acquisitions in Europe materialized in the form of 

electric vehicles. Similarly, in the United States, which constitutes the tertiary but 

nonetheless substantial market for electric vehicles, the year 2022 bore witness to a 

striking upswing of 55% in electric car sales, thereby culminating in an 8% share of 

total automotive sales being attributed to EV [11,12]. Anticipated to persist robustly 

into the forthcoming year, EV sales are poised for continued momentum throughout 

the duration of 2023. Evidencing this enduring trend, the inaugural quarter of the 

year witnessed the sale of over 2.3 million electric cars, marking a formidable surge 

of approximately 25% in comparison to figures recorded during the corresponding 

temporal span of the antecedent year. Projections indicate an envisaged culmination 

of sales figures at a staggering 14 million by the denouement of 2023, thereby 

delineating a striking year-on-year escalation of 35%, with a notable acceleration in 

new acquisitions anticipated particularly in the latter half of the annum. 

Concomitantly, it is surmised that electric cars may ascend to account for an 
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impressive 18% share of the total automotive transactions conducted over the entire 

calendar year [13]. 

 

Furthermore, envisioned to act as catalyzing agents in fortifying the trajectory of EV 

sales, national policies and incentivization mechanisms are poised to play pivotal 

roles. Furthermore, the resurgence of oil prices to levels of exceptional elevation akin 

to those observed in the antecedent year could conceivably serve as an additional 

impetus, thereby further galvanizing the resolve of prospective purchasers towards 

embracing electric alternatives [14,15]. 

 

The gap in the thesis lies in the need for addressing of the specific impact of electric 

vehicle (EV) charging on the distribution grid within residential areas, particularly 

with regard to voltage profile and power losses. While there is existing research on 

the broader implications of EV adoption on the electrical grid, there is a lack of 

detailed analysis focusing specifically on residential distribution grids and their 

vulnerability to fluctuations in voltage levels and increased power losses due to EV 

charging activities. Furthermore, there is a dearth of studies that systematically 

examine the interplay between EV charging patterns and their effects on grid stability 

and efficiency within residential settings. Addressing this gap is crucial for 

developing effective strategies for grid management, infrastructure planning, and 

policy formulation tailored to the unique challenges and opportunities posed by the 

integration of EVs into residential electricity distribution systems. 

 

1.1. MOTIVATION 

 

The motivation thesis of the effect of charging electric vehicles on distribution grid 

of the residential area in terms of voltage profile and power losses is to investigate 

the impact of electric vehicle (EV) charging on the distribution grid within a 

residential area, specifically focusing on two key aspects: voltage profile and power 

losses. The study aims to analyze how the increasing adoption of EVs and their 

charging patterns influence the voltage levels across the distribution grid and the 

overall power losses incurred. By examining these factors, the thesis seeks to 

contribute to a better understanding of the challenges and opportunities associated 
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with integrating EVs into residential electricity distribution systems, ultimately 

informing decision-making processes regarding grid management, infrastructure 

planning, and policy development in the context of sustainable transportation 

electrification. 

 

1.2. PROBLEM STATEMENT 

 

 The widespread adoption of electric vehicles (EVs) poses significant challenges to 

residential electricity distribution systems, particularly regarding voltage profile and 

power losses within the distribution grid. While the integration of EVs into 

residential areas offers numerous benefits in terms of sustainability and reduced 

greenhouse gas emissions, it also presents complexities related to grid stability and 

efficiency. The existing infrastructure may not be adequately equipped to handle the 

increased demand for electricity caused by EV charging activities, leading to voltage 

fluctuations and elevated power losses. 

 

This research aims to address the gap in understanding the precise impact of EV 

charging on residential distribution grids, with a specific focus on voltage profile and 

power losses. By investigating the relationship between EV adoption rates, charging 

patterns, and their effects on voltage levels and power losses across the distribution 

grid, this study seeks to identify potential challenges and opportunities associated 

with integrating EVs into residential electricity distribution systems. 

 

The findings of this research are expected to contribute to a better understanding of 

the complexities involved in managing EV charging within residential areas and to 

inform decision-making processes regarding grid management, infrastructure 

planning, and policy development. Ultimately, the goal is to facilitate the transition 

towards sustainable transportation electrification while ensuring the reliability and 

efficiency of residential electricity distribution systems. 
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1.3. RESEARCH OBJECTIVE 

 

The primary objective of this thesis is to investigate the impact of electric vehicle 

(EV) charging on residential electricity distribution grid. To achieve this objective, 

the following specific research objectives are outlined: 

 

 Design a model for the distribution grid that incorporates the anticipated load 

from EV charging activities, taking into account the period of time during EV 

charging. 

 Analyze the relationship between EV adoption rates and charging patterns 

within residential areas with a specific focus on voltage profile within the 

distribution grid. 

 Evaluate the magnitude of power losses incurred in the distribution grid as a 

result of increased demand from EV charging. 

 

By addressing these research objectives, the study aims to contribute to a better 

understanding of the complexities involved in managing EV charging within 

residential areas and to provide practical recommendations for ensuring the 

reliability and efficiency of residential electricity distribution systems amidst the 

transition towards sustainable transportation electrification. 

 

1.4. CONTRIBUTION  

 

The thesis contributes by designing a model for the distribution grid that incorporates 

the anticipated load from EV charging activities, considering the temporal aspect of 

EV charging.  To begin with, this model provides a systematic framework for 

assessing the impact of EV charging on distribution grid operation. By analyzing the 

relationship between EV adoption rates and charging patterns within residential 

areas, with a specific focus on voltage profile within the distribution grid, the study 

sheds light on the dynamic interactions between EV penetration and grid 

performance. Moreover, this analysis helps in understanding the nuances of EV 

charging behavior and its implications for grid stability. Then, the thesis evaluates the 

magnitude of power losses incurred in the distribution grid due to increased demand 
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from EV charging. This assessment provides valuable insights into the efficiency of 

the distribution grid under varying scenarios of EV adoption and charging patterns. 

 

1.5. THESIS SCOPE 

 

The scope of this thesis encompasses three main aspects, each contributing to a 

comprehensive understanding of the impact of electric vehicle (EV) charging on 

residential electricity distribution grids. The thesis focuses on designing a model for 

the distribution grid that integrates the anticipated load from EV charging activities, 

while considering the temporal aspect of EV charging. This model serves as a 

systematic framework for assessing the impact of EV charging on distribution grid 

operation. The thesis study delves into analyzing the relationship between EV 

adoption rates and charging patterns within residential areas, with a specific 

emphasis on the voltage profile within the distribution grid. Through this analysis, 

the thesis aims to elucidate the dynamic interactions between EV penetration and 

grid performance, providing insights into the nuances of EV charging behavior and 

its implications for grid stability. 

 

Lastly, the thesis evaluates the magnitude of power losses incurred in the distribution 

grid due to increased demand from EV charging. This assessment offers valuable 

insights into the efficiency of the distribution grid under varying scenarios of EV 

adoption and charging patterns, further enriching the understanding of the grid's 

operational dynamics in the context of EV integration. Overall, the thesis scope 

encompasses a comprehensive investigation into the impact of EV charging on 

residential electricity distribution grids, ranging from the design of a distribution grid 

model to the analysis of EV adoption rates, charging patterns, and power losses. 

Through these endeavors, the study aims to provide valuable insights that contribute 

to the development of strategies for ensuring the reliability and efficiency of 

distribution grids amidst the transition towards sustainable transportation 

electrification. 
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1.6. STRUCTURE OF THESIS 

 

The first part of this thesis provides an introductory discourse comprising several key 

components: the motivational impetus, the articulation of the problem statement, 

delineation of research objectives, elucidation of contributions, and delimitation of 

the thesis scope. Moreover, Part 2 elaborates on the topic of electric vehicles, 

encompassing a detailed exploration of the advantages associated with electric 

vehicles, the implications of grid-connected EV systems, the contributions derived 

from preceding scholarly work, and a summary of the chapter. 

 

Part 3 of the thesis presents a theoretical analysis of grid-connected electric vehicles 

(EVs), meticulously examining several pivotal elements. This analysis encompasses 

an exploration of vehicle technologies, detailing the integration of EVs into low 

voltage distribution systems and the broader charging infrastructure. Specific focus is 

placed on the dynamics of slow and fast charging techniques, as well as a 

comprehensive review of various types of charging stations.  Part 4 begins with a 

diagrammatic representation of research methodology, detailing the structured 

processes involved. as the advancements in investigative pursuits are documented, 

the systematic aggregation of empirical evidence is meticulously performed to gather 

necessary data. this is followed by an examination of the electrical distribution 

network, which includes the allocation of phases within the network and analysis of 

characteristic variables of the distribution grid. 

 

Part 5 of the thesis study, researcher explore the parameters, repeated modeling, and 

results of grid-connected electric vehicles (EV). This includes a detailed analysis of 

the system's integration and performance. Additionally, the research assesses the 

voltage profiles at different buses without EV presence, offering a baseline for 

understanding the impact of EVs on voltage stability.  In the part 6 of the thesis 

study, conclusion and future work encapsulates the synthetization of findings and 

delineates prospective avenues for subsequent thesis investigation. This segment 

concisely articulates the key outcomes derived from the integration and modeling of 

grid-connected electric vehicles (EV), underscoring their consequential impact on the 

stability and operational efficacy of the electrical distribution network. 



8 

 

 

 

PART 2 

 

LITERATURE REVIEW 

 

The literature review section of the research on the effect of charging electric 

vehicles on the distribution grid of the residential area aims to provide a 

comprehensive overview of existing studies, research papers, and relevant literature 

on the topic. It involves critically analyzing and synthesizing the existing knowledge, 

gaps, and research methodologies employed by previous researchers.  

 

2.1. ELECTRIC VEHICLES 

 

The internal combustion engine (ICE), a mainstay in conventional transportation 

systems, operates primarily on fossil fuels, which substantially contributes to 

environmental degradation through emissions of greenhouse gases and other 

pollutants [16,17]. In contrast, electric vehicles (EVs) represent a transformative 

approach designed to address these environmental challenges. EVs leverage 

advancements in battery technology and electric drive systems to offer a cleaner 

alternative to ICE vehicles, thereby reducing the reliance on fossil fuels and 

diminishing the ecological footprint of automotive transport. The environmental 

advantages of EVs, such as zero tailpipe emissions and reduced lifecycle carbon 

output, are among the primary drivers behind their increasing adoption. This shift is 

further facilitated by improvements in EV infrastructure, including more widespread 

and efficient charging solutions, which enhance the practicality of EVs for everyday 

use. The growing market penetration of EVs is evidenced by escalated sales figures 

across various regions and vehicle segments [18]. 
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2.2. ADVANTAGE OF ELECTRIC VEHICLES 

 

The advantages of electric vehicles (EVs) compared to conventional internal 

combustion engine (ICE) vehicles are delineated as follows [19-21]: 

 

 Zero Emission Impact: EVs contribute significantly to environmental 

conservation by not emitting carbon dioxide (CO2) or nitrogen dioxide (NO2) 

during operation. Furthermore, the manufacturing processes associated with 

EVs are increasingly aligned with eco-friendly practices. 

 Reduced Operational and Maintenance Costs: The expenses related to the 

maintenance of EVs and the electricity required for their operation are 

considerably lower than the maintenance and fuel costs associated with ICE 

vehicles. 

 Enhanced Comfort and Operational Efficiency: EVs surpass ICE vehicles in 

terms of operational efficiency, characterized by minimal vibration and 

reduced engine noise. This results in a more comfortable travel experience. 

 Simplicity and High Reliability: The drivetrains of EVs are inherently simpler 

and more compact, lacking numerous conventional components such as 

cooling circuits, gear shifts, and clutches. This architectural simplicity 

reduces maintenance costs and increases vehicle reliability due to fewer 

mechanical components and reduced wear and tear, leading to lower 

likelihoods of breakdowns. 

 Increased Accessibility: The zero-emission feature of EVs allows them access 

to environmentally sensitive or regulated zones that restrict the entry of ICE 

vehicles due to their pollutant emissions. 

 

To summarized, Electric vehicles (EVs) offer numerous benefits over traditional 

internal combustion engine (ICE) vehicles, enhancing their environmental, 

economic, and operational superiority. EVs are eco-friendly, producing zero 

emissions of harmful gases like CO2 and NO2, and their manufacturing processes 

are increasingly aligned with green practices. They also present reduced operational 

and maintenance costs, as the expenses for electricity and upkeep are lower 

compared to ICE vehicles. In terms of comfort and efficiency, EVs operate with 
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minimal vibration and noise, making travel more comfortable. Their simpler and 

more compact drivetrains, which lack many conventional components such as 

cooling circuits and gearshifts, not only reduce maintenance costs but also enhance 

reliability and decrease the likelihood of breakdowns. Additionally, the zero-emission 

characteristic of EVs allows them to access environmentally sensitive areas that are 

off-limits to ICE vehicles. These advantages highlight the rationale behind the 

growing adoption of EVs in contemporary transportation systems. 

 

2.3. EFFECT OF GRID-CONNECTED EV SYSTEMS 

 

The integration of electric vehicles (EVs) into the power grid has precipitated 

substantial modifications in the architecture, strategic planning, and functional 

operations of the network. Without meticulous analysis and strategic planning of this 

integration, extensive penetration of EV charging into the conventional grid 

infrastructure can disrupt its normal operations, leading to a plethora of technical 

power quality challenges. These include, but are not limited to, voltage drops, 

voltage imbalances, harmonic distortions, increased system losses, equipment 

overloading, and issues pertaining to voltage stability. This subsection concisely 

examines some of these impacts, highlighting the critical need for advanced planning 

and adaptation in grid management to accommodate the growing influx of electric 

vehicles [22-27]. 

 

2.3.1. Voltage Drops 

 

Voltage drop represents a significant constraint in the incorporation of extensive 

electric vehicle (EV) charging within low voltage (LV) distribution networks. The 

process of charging EVs directly from the grid induces voltage drops and deviations 

at the connection points, which can exacerbate if the penetration level of EV 

charging escalates significantly. Such a scenario might result in breaches of the 

regulatory voltage limits set for safe network operation. Consequently, utility 

companies across various nations are tasked with the imperative of maintaining 

customer service voltages within permissible thresholds, despite differing grid 
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specifications. The voltage drop of the network topology is determined as following 

equation (2.1) [28]. 

 

∆𝑉𝐷 =  𝑉𝑟𝑒𝑓 − 𝑉𝑚𝑖𝑛  (2.1) 

  

Where, VRef is a prespecified voltage magnitude at load bus i which is usually set to 

1.0 p.u. Vmin is the minimum bus voltage of the network topology. 

 

2.3.2. Voltage Unbalance 

 

Voltage unbalance in electrical distribution systems arises when there is a disparity in 

phase voltages either in amplitude or phase shift, deviating from the standard 120-

degree relationship, or both. This phenomenon typically results from asymmetrically 

distributed single-phase loads and impedances across the network and is quantified 

using the Voltage Unbalance Factor (VUF) [29,30]. VUF is defined as the percentage 

ratio of the absolute magnitudes of the positive and negative sequence voltage 

components. EVs, which often connect to low-voltage feeders predominantly loaded 

with single-phase demands, introduce significant power quality challenges for 

distribution network operators. Empirical evidence, as detailed in references, 

indicates a pronounced voltage unbalance attributed to EV charging within 

distribution systems. Consequently, to facilitate seamless integration of EVs while 

managing voltage unbalance, utilities must establish specific grid codes and 

standards [31-33]. Furthermore, comprehensive impact assessments by researchers 

are essential to devise effective strategies to mitigate these challenges and enhance 

grid stability. 

 

2.3.3. Harmonics 

 

Harmonics are non-fundamental frequency components of voltage or current within a 

power system, commonly quantified as Total Demand Distortion (TDD) and Total 

Harmonic Distortion (THD). TDD represents the root mean square (RMS) ratio of 

harmonic content, excluding inter-harmonics, to the maximum demand current, 

whereas THD is calculated as the RMS ratio of harmonic content to the fundamental 
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current [34,35]. The process of EV charging predominantly introduces harmonics 

into the electrical grid through power electronic converters. Research documented in 

[43, 44] indicates that unscheduled and high-rate EV charging contributes 

significantly to harmonic injection into the grid. The permissible levels of these 

harmonics are regulated by established grid codes and standards, which aim to 

maintain power quality and system stability [36,37]. 

 

2.3.4. Power Loss  

 

Power loss in transmission lines is an intrinsic characteristic of electrical distribution 

systems, fundamentally tied to the square of the current flowing through these lines 

as indicated in reference [38,39]. This relationship underscores how increases in 

current lead directly to higher power dissipation. With the rising integration of 

electric vehicles (EVs) into existing distribution networks, there is a significant 

increase in power losses, largely attributable to feeder overloads and changes in the 

electrical characteristics of feeder currents. As EV adoption expands, the additional 

demand imposed by vehicle charging exacerbates these effects, stressing the 

infrastructure and necessitating careful management of load distribution to mitigate 

increased losses [40,41]. This surge in power loss not only challenges the efficiency 

and capacity of power transmission but also calls for strategic enhancements in grid 

management and technology to accommodate the evolving demand dynamics 

introduced by widespread EV usage. The network topology's total real power loss is 

defined by the following formula (2.2). 

 

𝑃𝑙𝑜𝑠𝑠 =  ∑ 𝑅𝑖

𝑁𝑏𝑟

𝑖=1

∗  
𝑃𝑖

2 + 𝑄𝑖
2 

𝑉𝑖
2  

(2.2) 

 

Where, 𝑁𝑏𝑟 is the number of branches; 𝑅𝑖 is the resistance of 

the i
th

 branch; Pi and Qi are the real power and reactive power of the i
th

 branch, 

respectively; and Vi is the voltage magnitude at bus i. 

 

2.3.5. Equipment Overloading  
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Regarding equipment overloading, the widespread adoption of electric vehicle (EV) 

charging places considerable demands on the distribution network. This situation 

necessitates the transfer of substantial amounts of power from the grid to the load, 

which can result in the overloading of critical network components, including 

transformers and cables. As more EVs connect to the grid for charging, particularly 

during peak times, the cumulative load can exceed the designed capacity of existing 

infrastructure [42,43]. This overloading can lead to increased wear and tear, reduced 

efficiency, and potentially shorten the lifespan of vital network elements such as 

transformers and power cables, posing significant challenges to grid reliability and 

safety. Therefore, managing this load effectively through grid enhancements and 

smart charging strategies becomes essential to prevent overloading and ensure the 

sustainable integration of EVs into power systems [45,46]. 

 

2.4. CONTRIBUTION OF PREVIOUS STUDIES 

 

The literature review serves as the foundation for the current research, identifying the 

research gaps and building upon the existing body of knowledge. This subsection 

meticulously delves into an extensive examination of existing literature pertaining to 

the ramifications of electric vehicle charging on residential distribution grids. Table 

2.1 serves as a valuable adjunct, providing succinct descriptions of the studies 

discussed within the text. 

 

Table 2.1. The latest research on the impact of EVs integrated with the distribution 

grid. 

Author Year Journal Contribution Target 

Nutkani 

et al., 

[47] 

2024 Willey The burgeoning adoption of Electric Vehicles 

(EVs) is anticipated to exert a substantial 

influence on electrical power distribution grid 

(DG). Extensive efforts have been undertaken to 

grasp and quantify this impact on the hosting 

capacity of distribution networks, both with and 

without the implementation of network 

management solutions. Such a review is 

imperative for comprehending the breadth of 

existing studies, scrutinizing the datasets 

utilized for impact analysis, and, most 

importantly, elucidating the findings derived 

from these investigations. 

EV-

DG 

Jiang et 2024 Science This paper initiated by formulating a bilevel EV-
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al., [48] Direct stochastic optimization model for EV charging 

navigation, which takes into account diverse 

uncertainties. Subsequently, it introduces an EV 

charging navigation approach predicated on the 

hierarchical enhanced deep Q network 

(HEDQN) to address the aforementioned 

stochastic optimization model in real-time. The 

proposed HEDQN encompasses two enhanced 

deep Q networks, each designated for 

optimizing the charging destination and the 

charging route path of EVs, respectively. 

DG 

Singh & 

Kumar 

[49] 

2024 Willey This article introduced an innovative approach 

for the meticulous modeling of EVs within the 

framework of reliability and adequacy models 

for DG. The proposed technique synergistically 

merges forensic-based investigation (FBI) with 

the Archimedes optimization algorithm (AOA), 

aptly dubbed the FBIAOA technique. In this 

direction, the primary aim of this method is to 

enhance the profitability of rapid charging 

stations while simultaneously mitigating the 

escalating energy demand on the SG, which 

comprises storage systems and renewable 

energy generation sources such as wind and 

photovoltaic (PV) systems. 

EV-

DG 

Polisetty 

et al., 

[50] 

2023 Science

Direct 

With the escalating rate of electric vehicle 

adoption, there is a pressing need for the 

strategic deployment of charging stations to 

minimize loss and mitigate voltage imbalances. 

Several existing strategies investigated in this 

study for optimal charging station deployment 

have yielded increased power utilization, power 

loss, harmonic distortion, and voltage 

imbalances. Hence, a novel Dove-based 

Recursive Deep Network (DbRDN) has been 

devised for implementation. 

EV-

DG 

Lai et al., 

[51] 

2023 IEEE Electric vehicles (EVs) hold significant promise 

in combating greenhouse gas emissions within 

the transportation sector, contributing to their 

steady adoption in several countries. However, 

the increasing prevalence of EVs can pose 

challenges to both the power distribution 

network (PDN) and the transportation network 

(TN). Therefore, this paper introduces a 

dynamic pricing strategy for electric vehicle 

charging stations (EVCSs), aiming to enhance 

their profitability while mitigating potential 

adverse effects on both PDN and TN.  

EV-

DG 

Wang et 

al., [52] 

2023 Wiley This article meticulously accounts for the 

diverse characteristics inherent in various 

vehicle models and incorporates user 

responsiveness, thereby rendering the model 

more reflective of real-world dynamics. The 

EV-

DG 
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results underscore that the optimized charging 

and discharging strategy outlined in this study 

not only reduces charging costs for vehicle 

owners but also enhances revenue generation 

from charging stations and the utilization rate of 

charging piles.  

Hartvigss

on et al., 

[53] 

2022 Science

Direct 

This article endeavored to scrutinize the 

ramifications of voltage disturbances on Electric 

Vehicle (EV) batteries and charging systems 

while introducing a Fault Ride-Through 

Capability (FRTC) mechanism aimed at 

enhancing voltage quality.  

EV-

DG 

Balasun

dar et 

al.,[54] 
 

2022 IEEE This article endeavored to scrutinize the 

ramifications of voltage disturbances on Electric 

Vehicle (EV) batteries and charging systems 

while introducing a Fault Ride-Through 

Capability (FRTC) mechanism aimed at 

enhancing voltage quality.  

EV-

DG 

He et al., 

[55] 

2022 PMC This paper introduces a comprehensive 

evaluation framework and methodology for 

Electric Vehicle (EV) charging networks, 

considering the interplay between traffic 

networks and power grids. Initially, an EV 

travel model is developed using a travel 

probability matrix to scrutinize the spatial and 

temporal dynamics of EV movements. 

Subsequently, the interconnected relationship 

among users, charging networks, road networks, 

and power grids is examined 

EV-

DG 

 

In this context, the study builds upon the knowledge base established by previous 

researchers in the field of the anticipated surge in electric vehicle (EV) adoption, 

which is driven by government incentives and declining battery costs, necessitates an 

examination of the ensuing load on the electricity grid. In [56], the study delves into 

the effects of integrating a substantial fleet of EVs on the power network, considering 

the spatial variations in vehicle usage, electricity demand, and network configuration. 

To model uncontrolled charging demand, a conditional probability-based approach is 

employed, while convex optimization is utilized for smart charging modeling. 

Stochasticity is accounted for through Monte Carlo simulations. The findings 

demonstrate that, within Great Britain's power system, smart charging holds the 

capability to obviate the need for additional generation infrastructure accompanying 

100% EV adoption, simultaneously reducing the percentage of distribution networks 

necessitating reinforcement from 28% to 9%. The implications and generalizability 

of these results to other power systems are also discussed. 



16 

 

 

Previous research [57] has focused on the presence of electric vehicles (EVs) that 

continues to grow, their potential for scheduling and dispatching offers significant 

benefits to both the power grid and EV users. By fully harnessing the dispatching 

potential, the power grid can enhance system operation efficiency, while EV users 

can experience cost savings and improved satisfaction. In light of this, this study 

presents a charging scheduling method for EVs that considers real-world scenarios, 

encompassing optimization targets and control strategies. Initially, a dynamic multi-

objective optimization scheme is devised, incorporating more realistic optimization 

objectives for each time period, enabling objective adjustments based on the 

prevailing circumstances. Subsequently, orderly charging control is achieved through 

the adaptation of charging start time strategies or variable charging power strategies, 

promoting battery longevity and mitigating grid load fluctuations. To address this 

challenge, an enhanced multi-objective particle swarm optimization (PSO) algorithm 

is proposed. This improved algorithm employs maximum and minimum fitness 

functions based on dynamic crowding distance and rate of change, while optimizing 

the inertia weight coefficient and learning factor to enhance algorithm performance. 

Finally, the numerical examples are presented to validate the effectiveness of the 

proposed model. 

 

In [58], the study aims to evaluate the potential implications of electric vehicles 

(EVs), which are already widely deployed and expected to experience exponential 

growth, on distribution networks. The research focuses on understanding the 

necessary adaptations and developments that the distribution grid must undergo to 

accommodate the escalating energy demand posed by EVs. To comprehend the 

technical constraints of the existing infrastructure and assess the capability of 

transformers and power lines to handle the increasing penetration of EVs, urban and 

rural grid models were analyzed to identify disparities in the impacts on high- and 

low-density networks. Furthermore, an assessment of the impact of fast charging 

stations was conducted. Simulations were performed using MATLAB software to 

create scripts, which were then implemented within the DIgSILENT PowerFactory 

software. This approach facilitated the evaluation of the examined networks and 

verification of the effectiveness of the proposed solutions. Through these 
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simulations, the study examined the network performance under various scenarios 

and identified the most viable strategies for managing the distribution network 

parameters. Based on the findings, the study recommends several methods for 

optimizing the distribution network to cope with the analyzed network parameters. 

Notably, a solution involving the integration of electric vehicles is proposed as a 

promising approach to address the emerging challenges. By leveraging the 

capabilities of EVs, the distribution network can be effectively managed to ensure 

efficient operation and mitigate potential issues associated with the increased load 

demand. 

 

Recent study [59] discussed the rapid adoption of electric vehicles (EVs) in 

California has brought forth numerous challenges related to the integration of these 

vehicles with the electricity grid. To assess the capacity constraints faced by local 

feeders, this study utilizes real-world feeder circuit level data obtained from PG&E, a 

major utility in California. By employing a detailed modeling approach, the adoption 

of EVs is analyzed at the census block level, taking into account actual vehicle 

charging data to simulate future load patterns on circuits across Northern California. 

In the most ambitious scenario, where 6 million electric vehicles are adopted 

throughout California, the study reveals that approximately 443 circuits (nearly 20% 

of all circuits) in PG&E's service territory would require upgrades to accommodate 

the increased demand. Alarmingly, only 88 of these circuits currently have planned 

upgrades scheduled in the future. The costs associated with upgrading these feeders 

are of paramount importance for utility planning processes, underscoring the 

significance of considering the impact of EVs on local distribution networks. The 

findings of this study emphasize the substantial implications of EV adoption on 

distribution network infrastructure and the pressing need for adequate planning and 

investment. The identified capacity constraints and the scarcity of planned upgrades 

highlight the urgency for utilities to address the challenges posed by EVs to ensure 

the reliability and stability of local power distribution. The research serves as a 

valuable contribution to the understanding of the critical role played by electric 

vehicles in shaping local distribution networks and underscores the importance of 

proactive measures to mitigate potential grid strain caused by their proliferation. 
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In this study [60], authors present a comprehensive and data-driven model that 

realistically captures the charging behaviors of future EV adopters in the US Western 

Interconnection. Our analysis focuses on the critical factors of charging control and 

infrastructure development, which shape the charging load, and evaluate their impact 

on the grid using a detailed economic dispatch model that considers the generation 

mix projected for 2035. This findings reveal that peak net electricity demand 

experiences an increase of up to 25% under the forecasted adoption scenario, while a 

stress test involving full electrification results in a 50% surge. Notably, locally 

optimized charging controls and high reliance on home charging can strain the grid 

infrastructure. However, shifting the charging paradigm towards uncontrolled, 

daytime charging demonstrates significant benefits by reducing storage requirements, 

excess non-fossil fuel generation, ramping needs, and emissions. Based on these 

results, authors urge policymakers to consider the impacts at the generation level 

when formulating utility rates and designing charging infrastructure strategies. 

Promoting a shift from home charging to daytime charging can help alleviate grid 

strain and optimize resource utilization, thereby fostering a more efficient and 

sustainable charging ecosystem for EVs. 

 

2.5. CHAPTER SUMMARY 

 

Comprehensively examines the burgeoning field of electric vehicles (EVs), detailing 

their advantages, the impacts of grid-connected EV systems, and contributions from 

previous studies, particularly focusing on the integration of EVs with the distribution 

network. The chapter begins by defining EVs and their operational mechanisms. It 

explores the technological advancements that have propelled the development and 

adoption of EVs, underscoring their potential as a sustainable alternative to internal 

combustion engine vehicles.  

 

The review elaborates on the numerous benefits associated with EVs. These include 

environmental advantages, such as reduced greenhouse gas emissions and lower air 

pollutants, stemming from the absence of tailpipe emissions. Furthermore, the review 

highlights the improved efficiency and performance characteristics of EVs, which 

contribute to a better user experience. 
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This section delves into the effects of integrating EVs into the power grid. It 

addresses the challenges of voltage instability, and the degradation of power quality 

due to harmonics and voltage drops.  The chapter synthesizes key findings from prior 

research, focusing on the impact of EV integration on the electrical distribution 

network.  Notably, it includes insights from the latest research, which evaluates 

strategies to mitigate negative impacts, such as smart charging technologies and grid 

modernization efforts.  
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PART 3 

 

THEORETICAL ANALYSIS OF GRID-CONNECTED EV 

 

The rapid growth in electric vehicle (EV) adoption presents new challenges and 

opportunities for distribution grids worldwide. A theoretical analysis of grid-

connected EV systems is essential to understand and optimize the complex 

interactions between EVs and the power grid [61-62]. This analysis aims to explore 

the impact of widespread EV integration on grid stability, load management, and 

energy efficiency. The focus will be on examining the demands EVs place on the 

grid, including peak load scenarios, the implications of charging behaviors, and the 

potential for bi-directional charging technologies that allow EVs not just to draw 

power but also to supply it back to the grid. Furthermore, the integration of 

renewable energy sources with grid-connected EV systems will be considered, 

assessing how this synergy can facilitate a more sustainable and resilient energy 

infrastructure. By leveraging theoretical models and simulations, this introduction 

sets the stage for a detailed exploration of strategies to enhance grid management and 

adapt to the evolving landscape of transportation electrification [63-65]. The goal is 

to provide a foundation for designing policies and technologies that ensure a smooth 

transition to a future dominated by EV.  

 

3.1. VEHICLE TECHNOLOGIES                                                                             

  

 

In the rapidly evolving landscape of modern transportation, vehicle technologies 

have emerged as a cornerstone of innovation, driving significant advancements in 

efficiency, safety, and sustainability [66,67]. As global attention shifts towards 

reducing environmental impact and enhancing energy efficiency, the development 

and integration of cutting-edge vehicle technologies have become paramount. This 

introduction explores the various facets of vehicle technologies, ranging from 
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traditional internal combustion engines to revolutionary electric and hybrid systems, 

as well as emerging autonomous and connected vehicle technologies. Each type of 

technology brings its own set of benefits and challenges, reshaping the way 

manufacturers design vehicles and consumers choose their cars. The surge in electric 

vehicles (EVs), powered by advancements in battery technology and driven by 

global environmental concerns, illustrates a major shift towards more sustainable 

driving solutions. Meanwhile, hybrid vehicles combine the best of gasoline and 

electric power to optimize fuel efficiency and minimize emissions. Moreover, the 

advent of autonomous driving technology and connected vehicle systems promises to 

transform the driving experience, enhance road safety, and improve traffic 

management [68-70]. As these technologies continue to evolve, they not only 

contribute to the automotive industry’s growth but also have profound implications 

for energy policy, urban planning, and the broader socioeconomic landscape. Taking 

into consideration the presented power and energy requirements, various vehicle 

technologies can be contemplated. The energy consumption 𝐸𝐸𝑉 𝐶𝑜𝑛𝑢𝑚𝑝𝑡𝑖𝑜𝑛 can be 

estimated using following equation (3.1) [71]. 

 

𝐸𝐸𝑉 𝐶𝑜𝑛𝑢𝑚𝑝𝑡𝑖𝑜𝑛 = 𝐸𝑑𝑟𝑖𝑣𝑒  +  𝐸 𝐴/𝐶 +  𝐸𝐿𝑜𝑠𝑠𝑒𝑠 (3.1) 

 

Where, 𝐸𝑑𝑟𝑖𝑣𝑒 driving represents the energy consumed from driving the vehicle, 

measured in watt-hours (Wh), while 𝐸 𝐴/𝐶 denotes the energy utilized by the air 

conditioning system, also in watt-hours (Wh). Additionally, 𝐸𝐿𝑜𝑠𝑠𝑒𝑠 accounts for 

other energy dissipations, which are estimated to constitute 5% of the total energy 

consumption. According to the referenced scholarly articles, this model for 

predicting energy consumption is deemed to be 95% accurate, underscoring its 

reliability and efficacy in estimating real-world vehicle energy usage. The model for 

driving energy consumption 𝐸𝑑𝑟𝑖𝑣𝑒 can be derived by incorporating four distinct 

force components as specified in the subsequent equation (3.2) [71]. 

 

𝐸𝑑𝑟𝑖𝑣𝑒 = (  𝐹 𝑟𝑜𝑙𝑙 +  𝐹𝑑𝑟𝑎𝑔 +  𝐹 ℎ𝑖𝑙𝑙 + 𝐹 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 ) ∗ 𝑣 ∗ 𝑡 (3.2) 

 

The equation can be restated in the following way (3.3): 
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𝐹 𝑟𝑜𝑙𝑙 +  𝐹𝑑𝑟𝑎𝑔 +  𝐹 ℎ𝑖𝑙𝑙 + 𝐹 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛=  

𝑚𝑔𝜇𝑟𝑟𝑐𝑜𝑠𝜑 +
1

2
𝜌𝐶𝑑𝐴𝑣2 + 𝑚𝑔𝜇𝑟𝑟𝑠𝑖𝑛𝜑 +  (𝑚 +

4𝑗𝑤

𝑟2  +   
𝑗𝑚𝐺2

𝑟2 ) 𝑎 

(3.3) 

 

Where, 𝑚 indicates vehicle mas (kg); 𝑔 is gravitational force (m/𝑠2); 𝜇𝑟𝑟 is rolling 

resistance coefficient; 𝜑 is the fill angle (°); 𝜌 is density of air (kg/𝑚3); 𝐶𝑑 is drag 

coefficient. A presents frontal area of EV (𝑚2); 𝜈 is velocity (m/s); 𝑗𝑤is inertial of 

wheel (𝑘𝑔𝑚2). 𝑟 is type radius (m); 𝑗𝑚 is inertia of motor (𝑘𝑔𝑚2).; G shows gear 

ratio; and 𝑎 is acceleration (m/𝑠2). 

 

In term of EV technologies, it can be classified based on the type of motor employed, 

such as single-motor vehicles comprising internal combustion engine (ICE) vehicles, 

battery electric vehicles (BEVs), Fuel cell electric vehicles (FCEVs), or hybrid 

vehicles that utilize both ICE and electric motors [72]. The classification of EVs is 

depicted in Figure 3.1, while the advantages and limitations of electric and ICE 

vehicles are detailed in Table 3.1. It was important to highlight that vehicles can be 

categorized based on the type of fuel employed, such as gasoline tanks for ICE 

vehicles. Besides that, batteries can be paired with supercapacitors (SC) for BEVs 

and hydrogen tanks and batteries for FCEVs [73]. 

 

 
Figure 3.1. The classification of EVs. 
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In this context, EV offer a range of environmental and operational benefits. They 

produce zero tailpipe emissions, significantly reducing greenhouse gas emissions and  

contributing to better air quality. Electric motors are more efficient than internal 

combustion engines, effectively converting a higher percentage of the electrical 

energy from the grid to power the wheels [74]. This efficiency translates into reduced 

operating costs since electricity is generally cheaper than gasoline or diesel, and EVs 

require less maintenance due to having fewer moving parts.  

 

Table 3.1. Advantages and limitations of electric and ICE vehicles [77-81]. 

 Advantages Limitations 

 

 

 

 

EVs 

4. High torque can be generated at 

zero speed, making them efficient 

for acceleration and starting from a 

standstill. 

5. Limited driving range due to 

the low energy density of the 

storage system (less than 200 

Wh/kg). 

6. EVs produce no pollutant 

emissions, making them 

environmentally friendly and 

suitable for use in urban areas with 

stringent air quality regulations. 

7. No heat source to warm the 

vehicle for BEV, which can be 

a disadvantage in cold 

climates. 

 

8. EVs have high efficiency due to 

the direct conversion of electrical 

energy to mechanical energy. 

9. Lack of hydrogen distribution 

infrastructure and fast 

charging stations for FCEV. 

 

 

ICE 

10. The storage system has a high 

energy density of 12 kWh/kg. 

11. Significant greenhouse gas 

emissions. 

12. There is an infrastructure for 

energy distribution. 

13. Sophisticated and complex 

mechanical system. 

14. The refueling time is very low, 

taking less than 5 minutes to fill 60 

liters and providing several MW of 

power. 

15. Low overall efficiency. 

 

Furthermore, EVs deliver high torque immediately from a standstill, providing 

quicker acceleration and a smoother driving experience. They also operate much 

more quietly than ICE vehicles, contributing to reduced noise pollution. However, 

EV also have some drawbacks. Range anxiety remains a significant concern due to 

the generally lower driving range of EVs compared to ICE vehicles. Although 

charging infrastructure is improving, the availability of charging stations is still 

limited in many areas, posing challenges for long-distance travel [75,76]. The issues 

related to battery life, environmental impact of battery production and disposal, and 

the high initial purchase cost also hinder the widespread adoption of EVs. 
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ICE vehicles are known for their extended range and quick refueling capabilities, 

making them ideal for long-distance and unplanned travel. The refueling 

infrastructure is well-established globally, with gasoline stations readily accessible. 

Additionally, ICE vehicles typically have lower initial purchase prices compared to 

electric vehicles, making them more economically accessible to a broader audience. 

There is also a greater variety of ICE vehicles available, which caters to a wide range 

of tastes and needs. 

 

On the downside, ICE vehicles are less environmentally friendly. They emit 

significant levels of carbon dioxide and other pollutants, contributing to climate 

change and public health issues. The cost of gasoline and diesel can also be quite 

high and unpredictable, which may lead to increased operational costs over time. 

Regular maintenance such as oil changes, fuel filter replacements, and emission 

checks add to the ownership cost and can be time-consuming. Moreover, internal 

combustion engines are less efficient at converting fuel energy into motion, with a 

substantial amount of energy lost as heat. 

However, electric vehicles also have some drawbacks. Range anxiety remains a 

significant concern due to the generally lower driving range of EVs compared to ICE 

vehicles. Although charging infrastructure is improving, the availability of charging 

stations is still limited in many areas, posing challenges for long-distance travel. The 

issues related to battery life, environmental impact of battery production and 

disposal, and the high initial purchase cost also hinder the widespread adoption of 

EVs. 

 

3.1.1. Battery Electric Vehicle 

 

The battery energy storage system (BESS) is responsible for providing the necessary 

power for traction and propulsion in battery electric vehicles (BEVs). The range of 

the EV is primarily determined by the battery capacity and driver behavior. 

Communication can be simplified at three distinct stages in today's vehicles and 

charging systems: vehicle, charger, and network. Vehicle interaction is in charge of 

monitoring the flow of data in the vehicle, which involves the state of charge. 

Charger communication manages the data flow throughout the EVSE [82-84]. This 
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requisite energy can be quantified using Equation (3.4). Furthermore, the energy 

extracted from the electrical network is determined by Equation (3.5). It is postulated 

that the efficiency of the charger operates at a nominal value of 90%. In this 

direction, the quantity of energy required to charge a BEVs is contingent upon the 

State of Charge (SOC) and the battery's capacity as illustrated in Equation (3.6). 

 

𝐸𝐶 ( 1 −  
𝑆𝑂𝐶

100
 ) ×  𝐶 

(3.4) 

  

𝐸𝑔 =  
𝐸𝑐

𝜂
 (3.5) 

 
 

𝑆𝑂𝐶𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑖𝑜𝑛 = ( 
𝐸𝐸𝑉 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

𝐸𝑉 𝑏𝑎𝑡𝑡𝑒𝑟𝑦 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦
) ∗ 100% +  𝑆𝑂𝐶𝑐𝑜𝑛𝑡𝑖𝑛𝑔𝑒𝑛𝑐𝑦 (3.6) 

 

In the specified equations, 𝐸𝐶 denotes the energy requisite for charging the battery, 

where C represents the capacity of the battery expressed in kilowatt-hours (kWh). 

Furthermore, 𝐸𝑔 signifies the electrical energy supplied from the network, and 𝜂 

encapsulates the efficiency of the charger. The term "𝑆𝑂𝐶𝑐𝑜𝑛𝑡𝑖𝑛𝑔𝑒𝑛𝑐𝑦" refers to an 

additional State of Charge (SOC) that is allocated to accommodate scenarios 

characterized by uncertainty. The determination of this parameter is predicated upon 

the user's driving experience as well as the specific characteristics of the vehicle. 

 

The flow of data employed by third-party suppliers is monitored by network 

communication. EVSE has to satisfy specific power quality demands but has a power 

output that can vary for different charging scales [85-87]. The power conversion 

system commonly used in BEVs is depicted in Figure 3.2.  
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Figure 3.2. The diagram of battery electric vehicles [87]. 

 

BEVs are capable of operating in two distinct modes, namely battery mode and 

regenerative braking mode. In battery mode, a boost DC/DC converter is utilized to 

transfer power to the motor that propels the wheels via a DC/AC converter. In 

contrast, during regenerative braking mode, the kinetic energy of the EV is converted 

into electrical energy and stored in the battery [88-91]. 

 

3.1.2. Fuel Cell Electric Vehicle                                                                               

      

A fuel cell electric vehicle (FCEV) is an electric vehicle that employs a fuel cell in 

combination with a small battery or supercapacitor to power its on-board electric 

motor as demonstrated in Figure 3.3. The fuel cell is the central component of the 

FCEV, producing electricity through the combination of oxygen in the atmosphere 

and hydrogen that has been compressed and stored within tanks using focused 

technological advances at either 350 or 700 bar (10,000 PSI). 

 

 FCEVs have earned a reputation as zero-emission vehicles since they produce only 

water and heat. Low-temperature fuel cells (80°C) are readily accessible in 

commerce, while high-temperature fuel cells (160°C) are presently being extensively 

researched by both academia and industry [92-95]. 
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Figure 3.3. The diagram of fuel cell electric vehicles [87].  

 

Combined mode, which utilizes both fuel cell and battery to provide average and 

peak power to the EV, respectively. Split mode, where the fuel cell propels the 

vehicle and charges the battery simultaneously, Thus, in regenerative mode, the 

kinetic energy generated during vehicle braking is utilized to charge the battery. 

 

3.1.3 Internal Combustion Engine                                                                    

             

The internal combustion engine (ICE) is a type of heat engine that converts the 

chemical energy of fuel into kinetic energy for vehicle propulsion. Natural gas, 

gasoline, diesel, and fuel oil are the main sources of fuel for ICEs, but they also use 

renewable fuels like biodiesel and bioethanol, frequently in conjunction with fossil 

fuels. Hydrogen, a less common fuel, is predominantly obtained from non-renewable 

sources (grey hydrogen) rather than renewable energy resources (green hydrogen) 

[96-100]. 

 

3.1.4. Hybrid and Plug-In Hybrid Vehicles                                                         

      

A hybrid electric vehicle (HEV) is an automobile that incorporates an additional 

form of reversed energy storage, including hydraulic, pressure, kinetic, or 

electrochemical storage spaces. along with its main power resource, which is the 

chemical power of the fuel. For the operation of the wheels, an HEV typically 

incorporates an electric motor, battery energy storage equipment, and an ICE [101-

103]. In a series hybrid vehicle, as shown in Figure 3.4 (a), the ICE typically 

provides average power, while the energy storage device handles power peaks [104-

106]. In a parallel hybrid configuration as shown in Figure 3.4 (b), the ICE functions 
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similarly to that of a conventional vehicle, providing power to the wheels). The 

engine is mechanically coupled to an electric motor that can assist it. In consideration 

of the vehicle's structure and design, the mechanical coupling can take the form of 

either a torque addition coupling or a speed addition mechanism. The parallel-series 

hybrid vehicle as shown in Figure 3.4 (c) integrates both principles presented earlier.  

 

 
(a) 

 
(b) 

 
(c) 

 

Figure 3.4. The diagram of full hybrid EV classification. (a) Series hybrid EV, (b) 

Parallel hybrid EV, (c) Parallel–series hybrid EV [87]. 
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3.2. EV INTEGRATION INTO THE LOW VOLTAGE DISTRIBUTION 

 

When an electric vehicle (EV) is connected to the low voltage network for charging, 

it becomes both a load and an integral component of the power systems. The 

widespread integration of EVs into existing power infrastructures can precipitate 

novel challenges, primarily because most current power grids were not originally 

designed to accommodate substantial EV charging demands. 

 

 Critical issues stemming from this include voltage underperformance and equipment 

overloading, which can consequently reduce the operational lifespan of essential grid 

components, such as substation transformers [107-110]. Moreover, the introduction 

of higher-capacity charging systems exacerbates these issues, as these chargers 

impose a more significant impact on the electrical power systems.  

 

This is due to the high variability in load that these systems introduce, with the EV 

charging demand fluctuating more abruptly over shorter durations. Hence, a 

comprehensive understanding of the various charging technologies, modes, and 

connectors is imperative for the effective integration of EV chargers into the power 

grid, ensuring both stability and efficiency in energy distribution systems. Until 

recent times, there was a minimal interplay between the transportation and electric 

power sectors.  

 

The widespread integration of EVs into the transportation landscape has substantially 

disrupted the conventional business models of electric utility providers [108-112]. As 

a result, the advent of EVs has introduced a dynamic interplay of significant 

challenges and considerable benefits to the power grid (PG). Figure 3.5 illustrates the 

impacts of EV PG-interfaced. 
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Figure 3.5. Impacts of EV distribution grid-interfaced. 

 

EVs represent a significant challenge for electric utilities. Excessive integration of 

EVs into the distribution network can impact the load profile, distribution system 

component capacity, voltage and frequency imbalances, excessive harmonic 

injection, power losses, and the stability of the distribution grid as summarized in 

Table 3.2.  

 

Although excessive EV penetration in the grid can create issues like power quality 

degradation, rise in peak load, and power regulation problems, all these issues can be 

resolved using advanced power management techniques. In Table II, the positive 

impacts of EV integration on the distribution grid (DG) in a coordinated environment 

are summarized. 
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Table 3.2. Negative impacts of EV PG-interfaced [113-119]. 

Impacts Description 

Stability 16. EV loads exhibit nonlinearity and demand a substantial 

power surge within a brief timeframe, thereby inducing 

instability within the power system. 

Phase & voltage 

unbalance 

17. The utilization of single-phase EV chargers has the potential 

to generate phase imbalances, particularly when a 

significant quantity of EVs is charged concurrently through 

the same phase. 

Harmonics 18. EV chargers, being power electronic devices, produce 

harmonics during the process of power conversion. 

Consequently, when the penetration of EV chargers is 

elevated, these harmonics can contribute to harmonic 

pollution within the PG interface. 

Load demand 

increase 

19. Unregulated EV charging exacerbates peak-hour loads, 

posing a substantial challenge for utility companies. 

 

Table 3.3. Positive impacts of EV DG-interfaced [120-124]. 

Impacts Description 

Power quality 

improvement 

20. Reactive power injection can be regulated as needed. The 

harmonics by unregulated Distributed Energy Resources 

(DERs) can be mitigated. 

Renewable 

energy 

Integration 

21. The variability inherent in renewable energy sources can be 

effectively mitigated through the utilization of electric 

vehicles (EVs) as energy storage systems. 

Regulation 22. Frequency regulation by correcting grid frequency 

deviation.  

23. Voltage regulation by supplying/absorbing reactive power. 

Power 

management 

24. By using scheduled charging/discharging, better power 

management can be achieved.  

 

3.3. CHARGING INFRASTRUCTURE 

 

Although a significant portion of the current charging demand is effectively 

addressed through home charging solutions, the escalating requirement for publicly 

accessible charging stations has become increasingly pronounced. This shift is 

crucial to ensure that EVs) match the convenience and accessibility standards of 

conventionally fueled vehicles. This transition is particularly imperative in densely 
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populated urban areas, where limited access to home charging facilities prevails 

[125,126]. In such contexts, the establishment of public charging infrastructure plays 

a pivotal role in expediting the adoption of EVs. As of the conclusion of 2022, the 

global count of public charging points has reached an impressive 2.7 million, with 

over 900,000 of these being newly installed within the same year. This surge reflects 

a notable 55% increase relative to the stock in 2021, aligning closely with the pre-

pandemic growth rate observed between 2015 and 2019, which stood at 50%. This 

evolution underscores the vital role played by public charging networks in 

accommodating the soaring demand for EVs and sustaining their upward trajectory 

in popularity [127-130]. 

 

3.3.1. Slow Charging 

 

On a global scale, over 600,000 public slow charging points were deployed in the 

year 2022, with a substantial portion of 360,000 being established in China. This 

influx elevates China's collection of slow chargers to surpass the remarkable 1 

million mark, firmly positioning it as the predominant hub for public slow chargers 

across the globe. As of the conclusion of 2022, more than half of the worldwide 

inventory of public slow chargers was located within China [131,132]. Following 

China's lead, Europe emerges as the second-largest contributor in the realm of public 

slow-charging infrastructure. In the year 2022, Europe bolstered its total slow charger 

count to 460,000, signifying an impressive 50% surge compared to the preceding 

year. The Netherlands spearheads this movement with an admirable 117,000 slow 

chargers, while France and Germany follow with approximately 74,000 and 64,000 

respectively. Conversely, the United States witnessed a more modest 9% expansion 

in its slow charger inventory in 2022, marking the lowest growth rate among major 

markets. In Korea, however, the pace of progress has been notably more rapid, 

doubling the stock of slow chargers on a year-on-year basis to achieve a 

commendable count of 184,000 charging points [133,134]. 

 

3.3.2. Fast Charging 
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Publicly accessible rapid chargers, particularly those strategically positioned along 

highways, play a pivotal role in facilitating extended journeys and effectively 

mitigating range anxiety, a prevalent concern that has historically hindered the 

widespread embrace of EVs. Much like their slow-charging counterparts, public fast 

chargers extend charging solutions to individuals who lack reliable access to private 

charging infrastructure. This inclusive approach serves to propel EV adoption across 

a broader spectrum of society.  In the year 2022, the global count of fast chargers 

witnessed an augmentation of 330,000 units. It's worth noting that a substantial 

proportion, almost 90%, of this expansion emanated from China [135,138]. This fast-

charging boom holds significance as it effectively addresses the challenge of limited 

home charging access, particularly in densely populated urban centers. Moreover, 

this aligns seamlessly with China's ambitious agenda for swift EV proliferation [139-

141]. 

 

3.4. CHARGING STATIONS 

 

In light of the burgeoning expansion of the electric vehicle (EV) market, 

encompassing both fully electric and plug-in hybrid models, the imperative for a 

dependable and secure recharging infrastructure that adequately accommodates user 

requirements has become increasingly critical [142-145]. To catalyze the broad-scale 

adoption of EVs, it is crucial to establish a comprehensively distributed recharging 

network. There are three principal technologies for EV charging: conductive 

charging, inductive charging, and battery swapping, each of which is delineated in 

Figure 3.6 These technologies represent the foundational elements necessary to 

support the transition towards widespread electric mobility, ensuring accessibility 

and convenience in recharging operations. 
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Figure 3.6. Three primary types of EV charging technologies. 

 

Wireless Power Transfer (WPT) systems, tailored for stationary applications, have 

showcased the capacity to facilitate rapid charging rates up to 50 kW, thereby 

diminishing the charging duration for electric vehicles (EVs) to a mere 15-20 

minutes. Conversely, these systems are also capable of delivering slower charging 

outputs of up to 3 kW over extended periods ranging from 4 to 8 hours. Moreover, 

dynamic WPT technology enables the continuous charging of EVs in motion, thus 

permitting energy replenishment during travel [146-148]. 

 

Within the broader spectrum of charging technologies, AC conductive charging 

presents a versatile array of speeds: fast charging (Level 3) can achieve up to 43 kW 

with 3-phase power within 15-30 minutes, intermediate charging (Level 2) up to 22 

kW with 3-phases over 1-3 hours, and slow charging (Level 1) at 3.6 kW with a 

single phase extending across 6-8 hours. Alternatively, DC conductive charging, also 

recognized as Level 3 charging, is formidable in its capability, delivering up to 400 

kW at 1000V and enabling exceptionally swift recharging times of 15-20 minutes 

[149-152]. 

 

 In addition to these methods, battery swapping represents an alternative charging 

technique, involving the exchange of a depleted battery for a fully charged one, 

typically accomplished within approximately five minutes. This method offers a 
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rapid solution to energy replenishment, catering effectively to users requiring 

immediate battery replacement. 

 

3.4.1. Electric Vehicle Supply Equipment 

 

Electric Vehicle Supply Equipment (EVSE) constitutes a critical infrastructure 

component that delivers electrical energy to the batteries of electric vehicles (EVs). It 

encompasses a variety of elements, including electrical power conductors, charging 

ports, protective devices, alongside sophisticated software and communication 

systems that facilitate efficient and secure electricity delivery for recharging EV 

batteries [153,154]. Furthermore, the EVSE enables interactive communication 

between the EV and the charging facility, orchestrating the dynamic exchange 

between the charging station and the electric grid.  

 

Regulatory standards and codes are pivotal in governing the EVSE, specifically 

delineating the connectivity protocols between the EV and EVSE, as well as between 

the EV and the power grid. In this regard, the SAE J1772 standard predominates in 

North America, whereas the IEC 61851/62196 standards are primarily adopted in 

Europe and other burgeoning markets [155,156].  

 

AC charging leverages electricity directly from the grid, with the EVSE's role 

confined to monitoring and regulating power flow to ensure operational safety, 

depicted in Figure 3.7. Table 3.4 outlines the variations in symbols, connectors, 

charging modes, and standards across different countries, illustrating the global 

diversity and regulatory compliance in EV charging infrastructure. 

 

3.4.2. EV Charging Modes and Charging Stations Level 

 

Three primary charging modalities are utilized for electric vehicles, specifically: 

conductive charging, inductive charging, battery swapping, and wireless charging. 

These modalities play a pivotal role in facilitating the broad adoption of electric 

vehicles. Conductive charging, the predominant method, necessitates the utilization 

of a cable to establish a connection between the Electric Vehicle Supply Equipment 
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(EVSE) and the electric vehicles [157-159]. This mode is essential for integrating 

EVs into existing electrical infrastructure and consumer usage patterns. 

 

 

Figure 3.7. EV supplies equipment [156]. 

 

Table 3.4. Different countries, symbols, connectors, charging modes, and standards 

of EVs [155,156]. 

Country Symbol Connectors Charging 

Modes 

Standards 

USA 

Japan 

 

Type 1/j1772 AC IEC 62196 

SAE j1772 

China 
 

GB/T DC GB/T 20234 

UE 

USA 

 

CSS/Combo DC DIN SPEC 

70121 

Tesla 

(EU) 

 

Type 

2/Mennekes 

DC IEC 62196 

EU 

China 

 

Type 

2/Mennekes 

AC GB/T 

IEC 62196 
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3.4.3. Conductive Chargers 

 

Conductive chargers, which facilitate the electrical recharging of batteries in electric 

vehicles, are delineated into two categories: on-board and off-board. On-board 

chargers, utilizing alternating current (AC) from the grid, are confined by their 

physical dimensions and deliver relatively modest power due to the necessity of 

accommodating AC/DC conversion within the vehicle itself [160]. This setup may 

permit the utilization of the vehicle's traction energy conversion system for the 

charging process. In contrast, off-board chargers are direct current (DC) systems that 

provide higher output power and enhanced flexibility in power supply management. 

Conductive charging stations, based on the power output and system type, are 

systematically classified into three distinct levels: Level 1, Level 2, and DC rapid 

chargers, each offering different charging capabilities and speeds [162,163]. 

 

3.4.4. Inductive Charger 

 

The inductive charger operates as a wireless power transfer (WPT) system that 

enables the recharging of electric vehicle (EV) batteries through electromagnetic 

induction. This method is implemented in two distinct configurations: stationary 

charging, which occurs when the EV is parked, and dynamic charging, facilitated 

while the EV is in motion with an embedded charging apparatus integrated into the 

roadway infrastructure [164]. Wireless charging represents an innovative resolution 

to the complexities posed by the heterogeneity of charging ports, which vary widely 

in configuration, shape, and size across different countries and EV manufacturers. 

Employing this technology standardizes the charging process, obviating the need for 

conventional cables [165-167]. 

 

3.4.5. Battery Swapping 

 

Battery swapping is an alternative charging method that entails the replacement of a 

depleted battery with a pre-charged, identical one. This process involves the vehicle 

entering a designated battery switch bay where an automated mechanism adjusts the 

vehicle's position, extracts the spent battery, and installs a fully charged counterpart. 
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The depleted batteries are then recharged within the facility for subsequent use. 

Predicated on a business model wherein the electric vehicle (EV) owner possesses 

the vehicle but not the battery, battery swapping offers a rapid charging solution, akin 

in duration to refueling a conventional internal combustion engine vehicle. However, 

this method confronts substantial logistical challenges, particularly the need for 

standardized battery interfaces across various EV manufacturers, which complicates 

widespread adoption and implementation [168-170]. 

 

3.4.6. Wireless Charging 

 

Wireless charging for electric vehicles (EVs) employs galvanic isolation to separate 

the input and output circuits, ensuring a safe transfer of power. Historically utilized 

in low-power applications, recent innovations in power electronics and the 

development of advanced semiconductor materials have now facilitated higher power 

capacities for wireless power transfer, rendering it a feasible method for EV 

charging. This technology offers several distinct advantages over conventional wired 

charging systems. First, it provides a streamlined, safe, and user-friendly charging 

experience, requiring minimal maintenance due to the absence of mechanical 

components. Second, it eliminates hazards associated with traditional cables, such as 

the dangers of using deteriorated cables under wet or icy conditions, by ensuring 

galvanic isolation between the vehicle and the power source. Third, the charging 

apparatus can be embedded beneath the surface, which shields it from adverse 

environmental conditions, enhances the longevity of the charging infrastructure, and 

reduces the risks of vandalism, including cable theft or damage to external 

components [171-173]. 

 

3.5. CHAPTER SUMMARY 

 

This section provides a theoretical analysis of grid-connected electric vehicles (EVs), 

focusing on various facets of EV integration into the low voltage distribution system, 

the current status of electric vehicles, and the battery technologies used in EVs. 

Additionally, the chapter explores the charging infrastructure, distinguishing between 

slow and fast charging methods.  
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PART 4 

 

METHODOLOGY 

 

4.1. INTRODUCTION 

 

This chapter expounds upon the selected methodology employed in the present 

thesis, encompassing a comprehensive depiction of the research approach and 

process, as well as the designation of the preferred data sources and modelling 

technique. Certainly. The selected methodology is a critical component of any 

research endeavor since it outlines the systematic and logical approach utilized to 

achieve the research objectives. In this chapter, the research approach and process are 

elaborated upon, providing a detailed account of the methods and techniques 

employed to collect, analyses, and interpret the research data. Furthermore, the 

chosen data sources are identified, highlighting their relevance and suitability for the 

research objectives. Additionally, the modelling method employed in the research is 

elucidated upon, providing a comprehensive explanation of the techniques utilized to 

develop and test the research hypotheses. The methodology chapter is a crucial 

aspect of any research project as it enables the reader to comprehend the research 

design, data collection, and analysis procedures utilized, thereby enhancing the 

credibility and validity of the research findings. 

 

4.2. RESEARCH FLOWCHART  

 

The primary objective of this thesis is to investigate and analyses the potential 

implications of electric vehicles on low-voltage grids. This research study aims to 

develop low voltage distribution grid models in the NEPLAN PROGRAM that 

incorporate asymmetric load-flow simulations, accounting for factors such as 

household load variations, car home arrivals, and different state-of-charge scenarios. 
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The research work further seeks to evaluate the outcomes of these simulations. 

Specifically, the investigation focuses on a large residential area comprising 72 

houses, from which a low voltage grid model is created to facilitate the requisite 

simulations, including load flow analysis and time. The structured flowchart provides 

a clear roadmap for your thesis work, ensuring a systematic approach to analyzing 

the influence of EVs on the electrical distribution network as indicated in Figure 4.1. 

 

 

Figure 4.1. The flowchart of the impact of EVs in the distribution Network’s voltage 

profile and Energy losses. 
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The flowchart for analyzing the impact of EVs on the voltage profile and energy 

losses within a distribution network involves a structured approach to data collection, 

software implementation, and simulation. Here’s a detailed description of each step 

in the flowchart for your thesis work: 

 

 Collect and Verify Grid Data: 

 

Objective: 

 

 Gather all relevant data regarding the distribution network to ensure accuracy 

in simulations. 

 

Actions:  

 

 Collect grid topology, load data, transformer capacities, and line impedances. 

 Verify the accuracy and completeness of collected data to avoid errors in the 

model. 

 Implement IEEE 9 Bus System Using Industrial Software: 

 

Objective:  

 

 Set up a standard model that can serve as a baseline for further simulations. 

 Actions:  

 Utilize a software industrial-grade tool to implement the IEEE 9 bus system. 

 Configure the software settings to align with the specific parameters of the 

distribution network being studied. 

 Simulation Setup in Neplan Software: 

 

Objective: Prepare the Neplan software environment for detailed load flow analysis. 

Actions: 

 

 Import the verified grid data into Neplan. 
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 Set up the simulation environment corresponding to the IEEE 9 bus system 

adapted for the specific network characteristics. 

 Load Flow Analysis with Load Profiles Using Neplan: 

 

Objective: 

 

 Conduct a comprehensive load flow analysis to evaluate the network’s 

performance under different scenarios. 

 

Actions (without EVs): 

 

 Run simulations to establish a baseline of the network’s voltage profile and 

energy losses without the impact of EVs. 

 Analyze and document the results as the control scenario. 

 

Actions (with EVs): 

 

 Integrate EV load profiles into the simulation, representing various levels of 

EV penetration. 

 Simulate the network’s behavior with the additional loads imposed by EV 

charging. 

 Analyze how EV integration affects voltage stability and energy losses 

compared to the baseline scenario. 

 Comparison and Analysis: 

 

Objective:  

 

 Compare the results from both scenarios to assess the impact of EVs on the 

distribution network. 

 

Actions: 
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 Use graphical and statistical tools within Neplan to compare voltage profiles 

and quantify energy losses. 

 Identify patterns, anomalies, or critical issues that arise from the integration 

of EVs into the network. 

 Documentation and Reporting: 

 

Objective:  

 

 Compile the findings into a comprehensive report that outlines the 

methodologies, results, and conclusions. 

 

Actions: 

 

 Document each step of the process, including assumptions made, challenges 

encountered, and solutions implemented. 

 Prepare detailed charts, graphs, and tables to visually represent the impact of 

EVs on the network. 

 Conclude with recommendations for managing voltage profiles and 

minimizing energy losses in networks with high EV penetration. 

 

To summarized, the thesis work on evaluating the impact of electric vehicles (EVs) 

on a distribution network's voltage profile and energy losses follows a structured and 

systematic approach. The process begins with the collection and verification of 

relevant grid data, ensuring the accuracy of the model. Using industrial software, the 

IEEE 9 bus system is then implemented to provide a standard baseline for 

simulations. The Neplan software is utilized to set up and conduct detailed load flow 

analyses under two scenarios: with and without EV integration. This involves 

simulating and analyzing the network's behavior to identify how EV charging affects 

voltage stability and energy losses compared to the baseline scenario without EVs. 

Results from both scenarios are compared to assess the impact of EVs. Finally, the 

findings are documented comprehensively, providing insights and recommendations 

for managing the challenges posed by high EV penetration in the network. This 
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methodical approach ensures a thorough understanding of the dynamic interactions 

between EVs and the power grid. 

4.3. RESEARCH PROGRESS 

 

The reason for this research topic is the interest in the chargeable electric vehicles 

(EVs) which is growing in number very rapidly and to know the impact they can 

have on low-voltage grids. That’s why we have firstly defined the problems what 

objectives we have as stated above, then structured the problems like we have added 

some households loads and EV and analyze the load flow and time sweep analysis to 

find out the loading on transformer, variations in voltage, current, etc. across each 

load and EVs. 

 

4.4. COLLECTION OF DATA 

 

In accordance with the aforementioned, a critical component of this thesis involves 

the collection of relevant data. To obtain precise insights into the potential impacts of 

charging electric vehicles (CEV) on the network grid, it is imperative to accurately 

determine the expected number of electric vehicles in the future, their intended usage 

locations, and their corresponding technical specifications. Such information is 

indispensable for ensuring the robustness and accuracy of the research outcomes. 

Determining EV integration is a very difficult and time-consuming task. Researcher 

interfaced network grid with number of household loads and an EV load, that is, in 

this case 72 household loads and 40 EVs. 

 

4.5. THE INVESTIGATION OF DISTRIBUTION GRID 

 

In the present study, the local electric distribution grid was investigated to acquire 

relevant data for the research. The aim was to comprehend the grid's components and 

their interactions, as well as the overall functioning of the grid. The researcher sought 

to understand the grid's construction, and how its various components, such as 

transformers and cables, contribute to its operation. Additionally, the researcher 

analysed the current load on the grid and explored how it might change in the future. 
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Understanding these aspects of the grid is crucial for accurately modeling and 

simulating its performance under different scenarios. 

 

4.5.1. Phase Allocation 

 

The household loads in the grid operate as single-phase loads, drawing power from a 

230V line-to-ground electrical system. Due to the distribution of loads across 

different phases, voltage asymmetry is expected to occur within the network grid. 

Notably, if all consumers were three-phase loads, no asymmetry would be observed. 

However, the introduction of EV chargers into the network grid serves as the primary 

source of asymmetry. 

 

4.5.2. Distribution Grid Parameters 

 

The electrical distribution grid parameters, such as cable resistance and reactance, 

remain unknown to the researcher. As a result, the NEPLAN Software's built-in 

cable, transformer, and other relevant types were utilized, as they contain all the 

requisite information. A transformer with a nominal power of 1 MVA was employed 

in the simulations. 

 

4.5.3. Power Factor of Loads 

 

The power factor serves as a critical indicator of the efficiency of electricity 

utilization. In the present study, the power factor was set at 0.9 for household loads 

and 1 for electric car loads. It is important to note that the power factor is subject to 

change with variations in loads. 

 

4.6. DISTRIBUTION GRID IMPLEMENTATION 

 

This subsection expounds upon the parameters of the selected distribution grid, as 

well as the modeling of the distrbution grid in the Neplan software. Additionally, it 

provides a detailed account of the designated data, such as active power and power 

factor for both household loads and electric car loads. In addition, the selected 
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transformer for the simulation possesses a nominal power of 1MVA. Additionally, 

the length and cross-sectional area of the cables were predetermined. The XLPE-

3.5CX240 0.4kV and XLPE-3.5CX95 0.4kV built-in cables were utilized, with the 

neutral connected. In this regard, the low voltage distribution grid is connected to an 

external grid with an 11kV line-to-line connection via the aforementioned 

transformer. The supply area of the transformer has been modeled in the simulation. 

 

4.7. NEPLAN PROGRAM 

 

NEPLAN is a software program utilized for power system analysis and planning. It 

is designed to facilitate the modeling and simulation of electrical networks, including 

load flow analysis, fault analysis, and optimization. NEPLAN offers a 

comprehensive set of tools for analyzing power systems, enabling researchers to 

evaluate the performance of electrical grids under different conditions and scenarios. 

The software also provides a range of features for modeling and simulating 

renewable energy systems, allowing researchers to investigate the integration of 

renewable energy sources into existing power systems. NEPLAN is widely used in 

both academic and industrial settings for power system planning and analysis. 

 

The NEPLAN software environment bears many similarities to other parallel 

software programs, such as ETAP and Digsilent. Users proficient in power system 

analysis can readily navigate and operate the software with ease. The 

software's robust capabilities for performing a wide range of analyses, coupled with 

the accuracy and precision of its output data, and the availability of diverse analysis 

tools, have rendered it a popular choice for analyzing and simulating power 

networks. Currently, over 2,000 individuals across 90 countries are developing and 

utilizing NEPLAN for power system analysis and planning. NEPLAN offers a 

multitude of features and capabilities for power system analysis and planning, 

including: 

 

 Load flow analysis: NEPLAN can perform load flow analysis for both steady-

state and dynamic conditions, enabling researchers to evaluate the 

performance of electrical grids under different scenarios. 
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 Short-circuit analysis: The software can simulate various types of faults in 

electrical networks, providing researchers with insights into fault currents and 

other relevant parameters. 

 Optimization: NEPLAN offers optimization tools for power system planning, 

enabling researchers to determine the most cost-effective and efficient 

solutions for grid design and operation. 

 Renewable energy integration: The software can model and simulate 

renewable energy systems, allowing researchers to investigate the integration 

of renewable energy sources into existing power systems. 

 Graphical user interface: NEPLAN offers a user-friendly graphical interface, 

making it easy to navigate and operate the software. 

 Customization: The software can be customized to meet specific research 

needs, with the ability to add custom modules and features. 

 Data management: NEPLAN includes comprehensive tools for managing and 

visualizing power system data, facilitating the analysis and interpretation of 

simulation results. 

 Multi-language support: The software supports multiple languages, enabling 

researchers from different countries and regions to utilize the program. 

 

In conclusion, NEPLAN offers a range of powerful features and capabilities 

for power system analysis and planning, including load flow analysis, short-circuit 

analysis, optimization, renewable energy integration, a graphical user interface, 

customization, data management, and multi-language support. These features have 

made NEPLAN a popular choice among researchers across the globe, enabling them 

to model and simulate power systems with accuracy and precision. 
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PART 5 

 

RESULT AND DISCUSSION 

 

5.1. THE PARAMETER OF THE PROPOSED SYSTEM MODELING OF 

GRID-CONNECTED EV 

 

This subsection delves into the detailed parameters of the proposed system for 

modeling grid-connected electric vehicles (EVs). As the integration of EVs into the 

power distribution networks continues to grow, understanding the specific parameters 

that influence system performance becomes crucial. Table 1.5 indicates the parameter 

of the proposed system. 

 

Table 5.1. The parameter of the proposed system [168-173]. 

Rating System quantities 

115Kv, X/R ratio=6 Grid supplying two distribution feeders 

500MVA Short circuit  

0.1529+j0.1406 ohm/km Line impedance 

 Distance of line lines are 1km long 

115KV/12.47KV/20MVA TRM 

12.47KV/0.4KV 

2MVA 

TR1, TR2, TR3, TR4, TR5, TR6, TR7, 

TR8 

69.289 MWh Load Energy without EV 

82.38 MWh Load Energy with EV 

4.722 MW Maximum Load without EV 

5.489 MW Maximum Load with EV 

0.4351 Load Loss Factor without EV 

0.383 Load Loss Factor with EV 

0.625 MWh Energy Losses without EV 

0.839 MWh Energy Losses with EV 

0.059 MW Maximum Losses without EV 

0.0911 MW Maximum Losses with EV 
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In the context of the proposed system for modeling grid-connected electric vehicles 

(EVs), it is imperative to delineate the specific parameters that govern the dynamics 

of power distribution networks. As EV integration intensifies, a profound 

comprehension of these parameters becomes essential for evaluating system 

performance accurately. Notably, the grid in question is configured to supply two 

distribution feeders, each rated at 115 kV with an X/R ratio of 6, and a short-circuit 

capacity of 500 MVA.  

 

Furthermore, the line impedance is specified as 0.1529 + j0.1406 ohm/km, with all 

transmission lines extending for precisely 1 km. The main transformer (TRM) 

utilized within this configuration is rated at 115 kV/12.47 kV with a capacity of 20 

MVA. Complementarily, additional transformers labeled TR1 through TR8 are 

configured at 12.47 kV/0.4 kV, each with a capacity of 2 MVA. These detailed 

specifications are critical for understanding the electrical characteristics and 

operational constraints of the network under the increased load conditions imposed 

by EV charging. 

 

5.2. MODELING OF GRID-CONNECTED EV 

 

The Neplan software program was employed, utilizing a model based on the 9-bus 

IEEE system Neplan software program as demonstrated in Figure 1. This tool allows 

for a precise simulation of how EVs interact with the power grid under various 

scenarios. The findings discussed herein provide insights into the potential 

challenges and efficiencies that can arise from high penetration levels of electric 

vehicles within and without urban distribution networks. The findings are critical for 

stakeholders in energy management and infrastructure planning to understand the 

dynamic changes introduced by EVs and effectively strategize for future grid 

enhancements. 
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Figure 5.1. The diagram of proposed modeling using the Neplan software program. 

 

The employment of the Neplan software in this analysis merits particular attention 

due to its robust simulation capabilities, as evidenced by its adoption of a model 

based on the well-established 9-bus IEEE system. This model features a single 

network feeder with a substantial capacity of 4.3 MW, which is integral for assessing 

the performance and reliability of the grid under high power loads. The complexity 

of the system is further highlighted by the inclusion of 11 distinct load points, each 

with varying demand loads, thus simulating a realistic diversity in consumer energy 

usage within the network. It is observed that the EV interfaces are connected with 

Bus 3, Bus 5, and Bus 8. Additionally, the infrastructure of the proposed model is 

enhanced by the integration of nine transformers, each designated as a 2W 

Transformer. 

 

 These transformers are critical components, designed to handle dual-winding 

operations that are essential for effective voltage regulation and efficient power 

distribution across different nodes of the network. The presence of 18 nodes within 

the model allows for an exhaustive analysis of the electrical flow and potential 
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bottlenecks or inefficiencies that may occur at various junctures within the 

distribution grid. 

 

5.3. RESULT FROM MODELING OF GRID-CONNECTED EV 

 

In the context of this thesis, a comprehensive network simulation incorporating a 72-

household grid was executed using the NEPLAN software program. The simulation 

was meticulously designed to evaluate two distinct scenarios: one where no 

households possess EVs, and another where electric vehicles are present in 40 of the 

72 homes. For each household, specific loads were configured to simulate the 

electrical consumption patterns both with and without the presence of EVs. 

Measurements were taken from various critical points within the network to assess 

the impact of these loads. Current readings were systematically recorded from the 

power transformer and network cables to monitor the flow and distribution of 

electricity across the grid. 

 

Additionally, the thesis work involved detailed monitoring of power losses within the 

network, a key indicator of efficiency and network health. To further understand the 

dynamics of household electricity consumption, electrical energy usage data was 

collected over a continuous 24-hour period from each home. Voltage levels were also 

meticulously measured at the Puller Box, providing valuable insights into the 

stability and adequacy of voltage supply across the network. 

 

This simulation elucidates not only the additional load and stress imposed on the grid 

by the integration of electric vehicles but also functions as an essential instrument for 

forecasting and addressing potential challenges in grid management and 

infrastructure development within residential contexts. By providing detailed insights 

into the effects of EV adoption on electrical networks, the simulation facilitates 

strategic planning and proactive measures to ensure the stability and efficiency of 

power distribution systems in residential areas. 

 

5.3.1. VOLTAGE PROFILE ON DIFFERENT BUSES WITHOUT EV 
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Understanding the results of voltage levels at different buses without the presence of 

electric vehicles (EVs) is crucial for several reasons. Firstly, it establishes a baseline 

or control scenario against which the impact of EV integration can be measured. This 

baseline data is essential for identifying how the addition of EV loads affects the 

stability, capacity, and operational efficiency of the power distribution network. 

Secondly, knowing the voltage at different buses under normal conditions without 

EVs helps in assessing the adequacy of the existing infrastructure. Figure 5.2 

presents the result of voltage on different buses without EV. Figure 5.3. The results of 

voltage range (%) on different buses without EV.  Figure 5.4 shows the results of 

voltage range (%) of distribution’s network transformer with EV. Figure 5.5, 

illustrates the results of bus voltages (P.U) of distribution’s network with EV. Figure 

5.6, presents the results of charging voltages (MW) of distribution’s network with 

EV.  
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Figure 5.2. The result of voltage on different buses without EV. 

 



53 

 

  
  

  
  

  
  

  
  

  
  

  
 V

o
lt

ag
e 

R
an

g
e 

(%
) 

 

Figure 5.3. The results of voltage range (%) on different buses without EV.  
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Figure 5.3. The results of voltage range (%) on different buses without EV.  
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Figure 5.4. The results of voltage range (%) of distribution’s network transformer 

with EV. 
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Figure 5.5. The results of bus voltages (P.U) of distribution’s network with EV.   
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Figure 5.6. The results of charging voltages (MW) of distribution’s network with EV.   

 

Additionally, analyzing voltage levels at various buses provides insights into 

potential weak points or vulnerabilities in the network. These could be areas where 

voltage levels are already near critical limits or where minor fluctuations could lead 

to significant issues, such as voltage sag or instability. Moreover, this analysis aids in 

the proactive planning of grid expansion and reinforcement. By understanding the 

baseline conditions, utilities can more effectively strategize where to invest in grid 

modernization, such as adding transformers, upgrading lines, or integrating advanced 

voltage control systems. In summary, understanding the voltage levels at different 

buses without EV loads is fundamental for ensuring grid reliability and efficiency as 

the penetration of electric vehicles increases. This knowledge not only supports the 
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maintenance of power quality and service reliability but also facilitates informed 

decision-making for future grid developments. 

 

5.3.2. The Results of Real Power (MW) Generation  

 

Discussing the results of real power (MW) generation during the modeling of grid-

connected electric vehicles (EVs) is crucial for several integral aspects of energy 

management and infrastructure development. Figure 5.7, shows the results of 

obtaining Real Power (MW) based on generation.  Figure 5.8, presents the results of 

Real Power loss (MW) with EV. Figure 5.9, presents the results of the Real power 

loss (MW) of the distribution network transformer with EV.   
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Figure 5.7. The results of obtaining (Real Power (MW)) based on generation.   
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Figure 5.8. The results of Real Power loss (MW) with EV. 
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Figure 5.9. The results of the Real power loss (MW) of the distribution network 

transformer with EV.   

 

In this point, real power measurements are essential for assessing grid stability and 

reliability. The integration of EVs introduces additional loads that can affect the 

power generation balance, and having a clear understanding of these effects is critical 

for maintaining reliable and uninterrupted power supply across the network. Accurate 

real power data allows engineers and grid operators to analyze the impacts of EV 

charging on the overall system and to take necessary actions to ensure stability. 

Moreover, accurate data on real power requirements facilitates better infrastructure 

planning. It provides the basis for decisions regarding the upgrading of transformers, 

enhancement of transmission lines, and increases in generation capacity to 

accommodate the expected rise in electricity demand due to widespread EV 

adoption. This planning is essential to support the growth in EV usage without 

compromising the performance of the power grid. 

 

5.3.3. The Results of Loading Profile of Distribution’s Network and 

Transformer   

 

Understanding the loading profiles of a distribution network and its transformers, 

both with and without the integration of electric vehicles (EVs), is paramount for 

several strategic and operational reasons.  With the rise of EVs, the additional 

demand they introduce can significantly alter load profiles. Evaluating these profiles 
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with and without EVs allows utilities to accurately forecast the need for 

infrastructure upgrades, including transformer upgrades or the installation of 

additional units. 

 

 This foresight helps in managing increased loads effectively, ensuring the 

infrastructure is neither underutilized nor overwhelmed. Figure 5.10, presents the 

results of loading profile of distribution’s network without EV.  Figure 5.11, 

demonstrated the results of the load profile of the entire distribution network 

transformer with EV. 
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Figure 5.10. The results of loading profile of distribution’s network without EV.   
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Figure 5.11.  The results of the load profile of the entire distribution network 

transformer with EV.   

 

Moreover, transformers are critical components that can be heavily impacted by the 

high and often fluctuating charging demands of EVs. Analyzing how load profiles 

change with the introduction of EVs can highlight potential risks of overloading and 

wear, guiding the necessary enhancements in transformer capacity and technology to 

handle these new loads without compromising the lifespan of the equipment. In 

doing so, load profiles with EVs can exhibit sharper peaks and troughs, particularly 

during popular charging times. By understanding these patterns, utilities can 

implement strategies such as demand response programs or time-of-use pricing to 

smooth peaks and fill valleys, thereby enhancing grid stability and reliability. Figure 

5.12 shows the results of loading of distribution’s network transformer without EV. 

Figure 5.13 indicates the results of loading of distribution’s network transformer with 

EV.  
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Figure 5.12. The results of loading of distribution’s network transformer without EV. 
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Figure 5.13. The results of loading of distribution’s network transformer with EV.  

 

For consumers, particularly those with EVs, understanding the impact of their 

charging habits on the distribution network can lead to more informed decisions 

about when and how they consume electricity. Utilities providing this information 

can enhance customer relations and potentially offer economic benefits through 

programs encouraging off-peak charging. In summary, analyzing the loading profiles 

of distribution networks and transformers with the inclusion of EVs is crucial for 

ensuring that the power systems are prepared to handle new demands.  

 

 

 

PART 6 

 

CONCLUSION AND FUTURE WORK 

 

6.1. CONCLUSION   

 

The thesis set out to explore the impact of electric vehicle (EV) charging on 

residential electricity distribution grids, a critical area of research given the 

increasing adoption of EVs and their potential implications for power systems. The 
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primary conclusion drawn from this study is that EV charging significantly 

influences residential distribution grids in several key aspects. 

 

Firstly, the development and implementation of a model designed to simulate the 

distribution grid with anticipated EV charging loads revealed that time of charging 

plays a crucial role in grid management. This modeling demonstrated that peak 

charging times could significantly strain the grid unless properly managed with smart 

grid technologies or time-of-use incentives. 

 

Secondly, the analysis of the relationship between EV adoption rates and charging 

patterns provided clear evidence that as more residents adopt EVs, without strategic 

management, the risk of voltage instability within residential grids increases. This 

underscores the need for utilities to adjust their infrastructure and management 

strategies to accommodate an evolving landscape where EVs are more prevalent. 

 

Lastly, the evaluation of power losses due to increased demand from EV charging 

highlighted that without adequate upgrades and optimization, distribution grids might 

suffer from efficiency losses. These losses not only affect the economic operations of 

utilities but also the sustainability goals associated with reducing overall energy 

consumption and carbon emissions. 

 

In conclusion, this thesis contributes valuable insights into the challenges and 

necessary strategies for integrating EV charging into residential distribution 

networks. It underscores the need for proactive grid management and infrastructure 

development to handle the upcoming surge in EV usage effectively. The findings 

advocate for a strategic approach to grid management that includes enhancing grid 

capacity, utilizing smart charging technologies, and possibly restructuring tariff 

systems to encourage off-peak charging. This will ensure that the shift towards 

electric vehicles aligns with the goals of maintaining grid stability, ensuring 

economic efficiency, and promoting environmental sustainability. 

 

6.2. FUTURE WORK   
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Building on the findings from this thesis, several avenues for future research can be 

explored to deepen understanding and enhance the integration of electric vehicles 

(EVs) into residential distribution grids: 

 

 Advanced Grid Modeling Techniques: Future studies could develop more 

sophisticated models that incorporate real-time data and machine learning 

algorithms to predict and manage the dynamics of EV charging more 

effectively. Such models could enhance the accuracy of simulations and allow 

for more dynamic management of grid resources. 

 Impact of Renewable Energy Integration: As renewable energy adoption 

grows alongside EVs, it is crucial to examine how the concurrent use of 

renewables and electric vehicle charging can be optimized. Research could 

focus on integrating solar and wind energy sources directly into residential 

areas to mitigate the additional load from EVs. 

 Smart Charging Strategies: Further investigation into smart charging 

technologies and their implementation could prove beneficial. Research could 

focus on the effectiveness of smart charging in balancing grid loads and 

optimizing energy usage, including the development of consumer-friendly 

smart charging apps and devices. 

 Policy and Economic Incentives: Additional studies could analyze the impact 

of various policy and economic incentives on EV adoption and charging 

behavior. This includes exploring different tariff structures and incentives that 

encourage off-peak charging and assessing their real-world applicability and 

effectiveness. 

 Longitudinal Studies on EV Adoption Trends: Conducting longitudinal 

studies to track EV adoption and charging habits over time would provide 

valuable insights into how behaviors change as infrastructure and technology 

evolve. This would aid utilities and policymakers in planning and 

implementing strategies that are responsive to consumer behavior. 

 Technological Advancements in Battery Storage: Research into improved 

battery technology could explore how enhanced battery storage systems 

might be integrated into the residential grid infrastructure to support load 
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balancing and energy management, potentially reducing the strain from peak 

charging times. 

 

By pursuing these areas of future work, researchers and industry stakeholders can 

continue to refine strategies for the successful integration of EVs into the electrical 

grid, ensuring that the transition to electric mobility is both sustainable and beneficial 

to all stakeholders involved. 
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