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ABSTRACT 

In automobile industry Electric Vehicles (EVs) are getting more attention because of its 

lower emissions in carbon dioxide, lesser operation costs more ease in maintenance. The 

distribution network feature is more affected by the huge demand of electrical energy as 

the number of EV rose. Besides with the introduction of EV infrastructure distribution 

system has faced a lot of difficulties in power quality such as harmonic distortion.  With 

the implementation of advanced power electronics devices in charger’s variations in loads 

occurs, this leads to change in the sinusoidal pattern in terms of electrical parameters such 

as current and voltage waveforms.  

This dissertation investigates the impact of electric vehicle (EV) charging stations on total 

harmonic distortion (THD) within a real-world distribution feeder. The study centres 

around the distribution network in the Sanepa area, where a SAPF. To suppress harmonic 

currents at the point of common coupling, a shunt active power filter based on the 

instantaneous reactive power theory is utilized. The implemented method demonstrates a 

substantial improvement, reducing THD from 27.31% to 1.23%. All system modelling 

and simulations are conducted using the MATLAB/Simulink environment. 
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CHAPTER 1: INTRODUCTION 

1.1. Background 

With the increasing concept of clean and green energy, vehicles using fuel are slowly 

decreasing, and electric vehicle (EVs) are increasing rapidly. Since they don't emit any 

direct pollutants, EVs has a considerably lesser detrimental effect on the environment 

and public health than internal combustion engine vehicles (ICEVs). The decline in air 

quality is primarily driven by emissions from vehicle exhausts, particularly nitrogen 

oxides (NOx) and particulate matter (PM). Battery electric vehicles (BEVs) cut PM 

emissions by a factor of four and NOx emissions by a factor of twenty when seen from 

a well-to-wheel perspective. Because of this, EVs are essential for slowing down 

climate change, improving public health, and inspiring the growth of intelligent, 

sustainable urban regions [1]. 

In recent years, EVs including electric bikes and cars, have gained significant 

popularity as a preferred mode of transportation across both urban and rural regions. 

Compared to internal combustion (IC) engine vehicles, EVs are considered more 

environmentally sustainable and eco-friendly. Due to the popularity of EVs, their use 

grows by more than 50% by the year 2024.  According to the International Energy 

Agency (IEA), the global stock of EVs has seen substantial growth over the past decade, 

reaching 10 million in 2022 and projected to rise to 30 million by 2030. Recent progress 

in EV charging technology has been remarkable. The industry is increasingly 

embracing innovations like 350kW DC fast chargers and wireless charging systems, 

both of which are emerging as key developments in the field [1]. 

Electric vehicles rely on rechargeable batteries to power their systems, and electric 

vehicle charging stations (EVCS) draw electricity from the utility grid to charge these 

batteries. To enable rapid charging, these stations incorporate high-speed power 

converters, sophisticated filtering networks, and advanced control schemes—all of 

which exhibit pronounced nonlinear behaviour. As the EV market accelerates, the 

expansion of reliable charging infrastructure has become a backbone for broader 

adoption. Yet, the existing rollout of charging networks worldwide remains uneven and 

often falls short of demand in both reach and performance. This study also reviews the 

global status of charging infrastructure development, identifies the current challenges 

and opportunities, and proposes relevant recommendations for improvement. This 
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study is expected to offer meaningful insights and direction for policymakers, industry 

professionals, and researchers, supporting the continued growth and advancement of 

the electric vehicle (EV) sector. 

 

Figure 1.1: Electric Vehicle Connection to Grid 

1.1.1 Evolution of EV charging infrastructure 

The development of EV charging stations has progressed in multiple phases: 

• Early Stage (2000s-2010s): Initial charging infrastructure focused on slow AC 

charging for home and commercial applications. 

• Expansion (2010s-2020s): Adoption of fast DC chargers (such as CCS, CHAdeMO, 

GBT, and Tesla Superchargers), expected to offer meaningful insights and direction 

for policymakers, industry professionals, and researchers, supporting the continued 

growth and advancement of the electric vehicle (EV) sector. 

• Smart Charging & Vehicle to Grid (2020s and beyond): Integration of renewable 

energy, battery storage, and V2G capabilities to enhance grid stability and 

efficiency. 

1.1.2 Components of an EV charging station 

These components handle the power supply and regulate electricity flow from the grid 

to the EV. 

I. Power Source 

Most charging stations are connected to the main electricity grid. It might be single 

phase or three phase depending upon residential or commercial/fast chargers 

respectively. Renewable energy is increasingly being integrated as a primary or 
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supplementary power source for electric vehicle (EV) charging stations, offering a 

sustainable solution to reduce carbon emissions associated with transportation. Solar 

photovoltaic (PV) systems are the most commonly used, often installed on station 

canopies or nearby land to convert sunlight into electricity, which is then used directly 

or stored in battery energy storage systems (BESS) for later use. According to research 

published in Renewable and Sustainable Energy Reviews, solar-powered charging 

reduces reliance on the grid, enhances energy resilience, and reduces long-term 

operational costs. Though less common, wind energy is also being explored, especially 

in rural or high-wind areas. Hybrid systems combining solar, wind, and BESS further 

improve reliability. Additionally, smart grid integration and energy management 

systems allow for demand response and optimized energy flow between renewable 

sources, the grid, and EVs. This shift toward renewables in EV infrastructure supports 

global goals for decarbonization and energy independence. Batteries can be integrated 

to support peak demand and enable vehicle-to-grid operations. 

II. Transformer  

It steps down high-voltage grid power (typically 11kV or 33kV) to lower voltages 

suitable for charging (400V or 230V). This 400 V output, typically three-phase, is ideal 

for commercial and public EV charging stations, especially those using fast or high-

power chargers. The transformer not only reduces voltage but also isolates the charging 

system from the high-voltage grid, enhancing safety and reliability. 

III. Power Electronics (AC/DC Converters & Inverters) 

An AC/DC rectifier converts alternating current (AC) from the grid into direct current 

(DC), while a Buck/Boost converter adjusts the DC voltage level either increasing or 

decreasing it to match the requirements of the battery. In fast charging (DC fast 

chargers), high-power rectifiers (rated from 50 kW to 350 kW) are used to directly 

supply DC to the EV. Some chargers may include power factor correction circuits to 

improve efficiency and reduce harmonic distortion. 

• AC Chargers (On-board or Off-board): Directly supply AC power, and the EV’s 

onboard charger (OBC) converts it to DC. 

• DC Fast Chargers (Off-board): Convert AC to DC externally and directly charge 

the EV battery, allowing much faster charging. 
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• Bidirectional Converters (for V2G and V2H applications): Allow power flow from 

EV to grid (V2G).  

1.1.3 EV charging station in Nepal 

Nepal has been making significant strides in promoting electric vehicles (EVs) as part 

of its commitment to sustainable energy and reducing carbon emissions. The Nepal 

Electricity Authority (NEA) has been at the forefront of this initiative, supporting the 

development of EV charging infrastructure across the country. Nepal currently has 62 

operational EV charging stations under the Nepal Electricity Authority (NEA). Among 

these, 30 stations utilize the CCS-2 charging standard, while 32 follow the GB/T 

standard. Each station has a capacity of 142 kW, ensuring fast and efficient charging 

for electric vehicles. This distribution accommodates a wide range of EVs, supporting 

both major charging standards. NEA has approved applications for an additional 750 

charging stations across various locations in Nepal, with a total proposed capacity of 

105.32 MW. Of this, 60 MW has already been installed. These charging stations have 

taken transformer support from NEA, and they are also under the NEA Charging 

Station Customer group. The total capacity of NEA-operated charging stations stands 

at 8.8 MW. Additionally, 10.5 MW of charging stations have been installed by private 

companies, such as TATA Motors, which are not connected to NEA’s Charging Station 

customer group but are in other customer groups, like the commercial user group. In 

total, Nepal has an installed charging capacity of 78.8 MW, collectively supplying an 

average of 322,300 units of electricity per day (source-NEA). 

 

Figure 1.2: Status of EV Charging Stations in Nepal 
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1.2. Problem Statement 

The growing integration of electric vehicle (EV) charging stations into the distribution 

network has resulted in notable power quality challenges, mainly caused by harmonic 

distortions. EV chargers, mainly DC chargers, utilize power electronic converters that 

introduce non-linear currents, resulting in harmonics that distort the voltage and current 

waveforms. These harmonics can negatively impact grid performance by increasing 

THD, causing excessive losses and reducing the lifespan of electrical components such 

as transformers. These effects are further exacerbated in Nepal's distribution system 

due to its limited infrastructure capacity, lack of widespread harmonic standards 

enforcement. Conventional passive harmonic filters have limitations in flexibility, 

tuning accuracy, and dynamic adaptability to varying load conditions. Passive filters 

require large components (inductors and capacitors), making them bulky and difficult 

to integrate into modern systems.  To address this challenge, the Shunt Active Power 

Filter has emerged as an effective solution for harmonic mitigation in EV charging 

stations. APFs dynamically detect and inject compensating currents to cancel out 

harmonics in real-time.  

1.3. Objectives 

The primary aim of this study is to evaluate and analyse the harmonic distortion 

introduced by electric vehicles charging stations on the practical distribution feeder and 

develop an effective mitigation strategy.  

The specific objectives of the study are as follows: 

• to develop the model of the real-world distribution feeder (Sanepa feeder) in 

MATLAB/Simulink and to integrate the charging station of Sajha Yatayat 

• To design and implement An SAPF is employed to mitigate power system 

harmonics 

1.4. Scope of Thesis 

This research focuses on assessing the harmonic distortion caused by the EV charging 

station on the Sanepa Feeder.  The study will involve the modelling of the feeder with 

integrated EV chargers using MATLAB/Simulink to perform harmonic analysis. A 

shunt active power filter (SAPF) will be developed and simulated to reduce harmonic 

distortion and enhance the overall power quality of the system.  The research findings 
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will provide insights into improving power quality in Nepal’s distribution system, 

enabling reliable EV charging infrastructure deployment. 

1.5. Outline of the thesis 

This dissertation is organized into five chapters. This section gives a brief outline of 

each chapter and the contents of each has. 

Chapter 1: It gives the background of the dissertation. The problem statement is 

mentioned along with the main and specific objectives. The scope of thesis explains 

about the works that has been done in methodology section. This section also covers 

the limitations of the thesis. 

Chapter 2: It explores the required literature review done for the dissertation, including 

fundamentals of harmonics, impacts of harmonics on electrical equipment, different 

types of filters, and power quality issues. It describes the control mechanism and 

operation of the shunt active power filter 

Chapter 3: It describes the research methodology of the dissertation, including the 

modelling approach used and the workflow of the thesis. The processes that is followed 

to compute the harmonics and its impact analysis are mentioned. 

Chapter 4: It discusses the obtained results from the simulation and shows the 

reliability of the chosen method. 

Chapter 5:  It concludes the research work along with mentioning the objectives. 

Finally, this thesis will end with a list of references that were used while carrying out 

the research. 

1.6. Limitations of the thesis 

The research will be conducted through simulations. And it focuses only on the Sanepa 

feeder and does not account for other feeders in the distribution network that may also 

be affected by EV charging. This research specifically concentrates on harmonic 

distortion and does not address other power quality issues such as voltage sags, swells, 

or flickers. The exact modelling of the charger used is not done which may lead to 

reduced accuracy in the simulation results. Without the detailed incorporation of the 

precise electrical characteristics and dynamic behaviour of the actual charger, the 

system's response, particularly in terms of power quality and harmonic distortion, may 

not fully reflect real-world performance. This simplification could result in deviations 

between simulated outcomes and practical observations. The SAPF control strategies 



7 

considered in this study are Instantaneous PQ theory, which may not fully account for 

future advancements in filtering techniques or artificial intelligence-based control 

methods. 
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CHAPTER 2: LITERATURE REVIEW 

2.1. Overview 

Distribution feeders are critical components of electrical distribution systems that 

transport power from substations to end users. They consist of overhead and 

underground conductors, transformers, circuit breakers, and protection devices. The 

design and operation of distribution feeders aim to ensure reliable and efficient power 

delivery while minimizing losses and maintaining power quality. 

Contemporary distribution networks are advancing with the incorporation of renewable 

energy sources (RES), including photovoltaic (PV) and wind energy systems. The 

IRENA’s worldwide plan stated that renewable energy consumption will increase from 

20% to 40% till 2050 and the output from renewable energy sources will increase by 

two-third. Besides 2050 the solar generation and wind energy production will donate 

three times as much as from 20% to 60%. Different actions have been brought in front 

for effective implementation and to prevent rapid extension of ICEVs [2]. Moreover, 

as the electricity demand from EVs can be rapidly introduced or withdrawn from the 

power grid, electrical infrastructure such as power generation units and transformer 

systems become particularly susceptible to fluctuations in system frequency. Hence, in 

response to the rapid rise in EV adoption, the power grid requires substantial 

development to keep pace. To manage the high costs associated with overhauling or 

enhancing the current electrical infrastructure, robust government support through 

incentives is crucial. Deploying generation units strategically near the expanding EV 

charging infrastructure, along with optimized EV scheduling, offers a viable approach 

to meeting increased energy demands. Additionally, the battery pack and power 

electronics converter are key components when tapping into power from EVs’ onboard 

chargers.  

Due to the presence of distributed energy sources, diverse load types, and energy 

conversion devices, a microgrid or distributed power plant is inherently more complex 

and nonlinear compared to a conventional power plant. Chemical energy, 

thermodynamics, and electrodynamics are all intertwined. Power quality issues are 

more complicated since consumer-side power quality has a direct impact on production 
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safety and power efficiency. The widespread adoption of electric vehicles (EVs) is 

likely to significantly alter residential power consumption patterns, as charging a single 

EV can be roughly equivalent to adding the power demand of two additional households 

to the distribution network [3]. 

2.2. Harmonics in Power Systems 

Harmonics are non-sinusoidal components in electrical waveforms that arise due to 

nonlinear loads such as power electronic devices, transformers, and fluorescent 

lighting. These harmonics distort voltage and current waveforms, leading to reduced 

power quality, increased losses, overheating of equipment, and malfunction of sensitive 

electronic devices. 

Common sources of harmonics in distribution feeders include: 

• Power electronic converters (e.g., inverters, rectifiers) 

• Adjustable speed drives (ASDs) 

• Uninterruptible power supplies (UPS) 

• Nonlinear industrial loads 

2.3. Effects of Harmonic Distortions in Power Systems: 

Harmonics are generally undesirable in electrical power systems, as they adversely 

affect both the equipment and the overall operation of the system. Resonance in a power 

system network can be generated via harmonics[4]. 

I. Resonance 

Capacitors used for power factor correction can resonate with harmonic frequencies in 

the system, potentially resulting in excessive currents that may damage the capacitors. 

Resonance occurs when the the circuit's capacitive and inductive reactance become 

equal in magnitude, allowing a specific frequency to dominate the system. In series 

resonance, the impedance is low, while in parallel resonance, the impedance is high at 

the resonant frequency. Power factor correction capacitor performance is hindered by 

harmonic resonance.  

• Parallel resonance raises harmonic voltages and harmonic currents while providing 

high impedance at the resonance frequency. 

• The series resonance causes higher value of capacitor current when the harmonic 

voltages is lesser.  
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• The interaction between the fundamental frequency and direct current components 

within the converter control system gives rise to a composite resonant frequency 

that is non-integer in nature. 

II. Poor Damping 

When harmonics are present, a slight negative impedance or resistance may be added 

by SMPS or variable speed drive motors. As voltage increases, it lowers current, which 

lowers the system's damping or broadband energy absorption capacity. Unwanted 

variations in damping level affect the degree to which certain electrical equipment 

operate, particularly various measuring and regulating devices.  

III. Effects on Rotating Machine 

Harmonic loss: Harmonic voltage and current contribute to increased losses in various 

parts of an A.C. machine, including the stator windings, rotor circuit, and the laminated 

cores of both stator and rotor. Typically, these losses exceed the pure D.C. resistance 

losses due to additional effects such as eddy currents and the skin effect inherent in AC 

operation. The existence of harmonics amplifies both copper losses (in conductors) and 

core losses (in magnetic materials), leading to excessive heat generation. Consequently, 

this not only causes thermal stress but also lowers the overall efficiency of the machine.   

Harmonic torque: An AC machine's stator's harmonic currents create additional 

magnetic fields that may cause electromagnetic induction to cause a motoring action 

(positive harmonics slip Sn). This leads to shaft torques that align with the velocities of 

the harmonic fields. Consequently, the positive sequence components of the harmonics 

generate shaft torques that aid in shaft rotation, while the negative sequence 

components produce torques that oppose the rotation 

Speed torque characteristics: Every harmonic plays a role in generating magnetic forces 

within the machine. The existence of these harmonics influences the machine’s speed 

and torque behaviour, leading to alterations in its overall performance characteristics. 

Cogging: Cogging refers to the inability of an IM to accelerate to its regular operating 

speed, which happens when an unchanging operating point is established at a lower 

frequency, preventing the motor from gaining sufficient momentum. 

Voltage stress: Harmonic voltages contribute to greater stress on insulating materials. 
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IV. Impact on transformers 

RMS Current: Due to the increase in current harmonics distortion in the transformer it 

results in a higher RMS peak value, which leads to the increased heating within the 

transformer.   

Core loss: Both the eddy current loss and hysteresis current losses in the laminations 

are increased due to harmonic voltage. The supply voltage's harmonics, the magnetic 

circuit, and the core material’s design specifications all affect how substantially core 

loss occurs.  

Copper loss: Harmonic currents lead to an increase in copper losses. The loss is 

primarily determined by load's harmonics and the winding's effective AC resistance. 

Copper loss increases temperature which creates hot spots in that transformer. 

Stress: The stresses of the insulation increase due to the voltage harmonics. 

Core vibration: Small core vibrations are exacerbated by harmonics of current and 

voltage. 

Saturation problem: Additional harmonic voltage might occasionally end up in core 

saturation. 

V. Effects on the Transmission System 

Skin effect and Proximity effect: This type of effects is frequency-dependent, and the 

presence of harmonics amplifies them. Consequently, the effective AC resistance rises 

when harmonics are present. 

Loss: The presence of additional harmonic currents leads to increased copper losses in 

the transmission system and diminishes its overall power transmission capacity. The 

formula to calculate copper loss is expressed by ∑ 𝐼𝑛2𝛼
𝑛=2 𝑅𝑛, where In represents the 

nth harmonic current, and Rn is the system resistance at that specific harmonic 

frequency. 

Voltage drops: Harmonic currents generate voltage drops across various circuit 

impedances. Consequently, systems with high impedance referred to as weak systems 

experience lower fault levels and more severe voltage disturbances. In contrast, stiff 
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systems with low impedance exhibit higher fault levels and minimal voltage 

disturbances.  

Dielectric stress: Harmonic voltages elevate the dielectric stress experienced by 

transmission line cables. This stress is directly proportional to the peak value of the 

applied voltage. An increase in dielectric stress results in a corresponding decrease in 

the dielectric strength of the insulation material. This degradation not only shortens the 

operational lifespan of the cables but also increases the likelihood of faults, thereby 

escalating maintenance requirements and associated repair costs.  

Corona: The initiation and extinction levels of corona discharge are affected by the 

peak-to-peak voltage of the system, which is determined by the phase relationship 

between the harmonic components and the fundamental frequency. The presence of 

harmonic voltages contributes to an increase in the overall peak voltage, thereby 

affecting the corona characteristics of the transmission system. 

VI. Effects on Capacitor Banks 

Issues related to distortion usually manifest initially on the power bank of the capacitor. 

Under conditions of peak voltage harmonics, the capacitor bank may enter a state of 

resonance, during which the flow of current through the bank becomes significantly 

large, resonance condition is especially significant when dominant monotonic 

harmonics are present, with the eleventh harmonic being notably affected which 

becomes superimposed on the fundamental frequency, thereby impacting the overall 

behaviour of the capacitor bank. As a result, the root mean square (RMS) current during 

resonance often exceeds the capacitor’s rated RMS current, potentially compromising 

its performance and operational lifespan. The IEEE Standard for Shunt Power 

Capacitors (IEEE Standard 18-2002) [5] .It outlines the following continuous capacitor 

ratings:  

• 135% of the total KVAR. 

• 110% of the rated RMS voltage value, along with the harmonics once the transient 

effects have dissipated. 

• The capacitor is subjected to a voltage level reaching 120% of the nominal value, 

inclusive of harmonic content. 
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Among the harmonic components, the fifth and seventh harmonics are most prominent 

in affecting the capacitor. The distorted voltage waveform consists of 4% fifth harmonic 

and 3% seventh harmonic components. As a result, this leads to a 20% fifth harmonic 

current and a 21% seventh harmonic current flowing through the capacitor. Despite 

these distortions, all resulting harmonic values remain within acceptable standard limits 

under the given conditions. 

VII. Effect on Measuring Instruments 

Power usage in the distribution system is usually measured by utilities in two ways: the 

total amount of power consumed and the maximum amount of energy used in a certain 

period of time. As an outcome, both demand and energy expenses are included in billing 

for bigger corporate customers. In contrast, residential users are typically only charged 

for the power they use. The costs of producing and delivering electricity are referred to 

as the power price, and they are determined by the time spent in kWh. The second 

component's calculation, the KVA rate, represents the distributor's rates for keeping 

enough energy capacity to satisfy every user's power consumption requirement. KVA 

billing is often determined by the maximum KVA demand recorded over a peak period 

of fifteen or thirty minutes, expressed in kilowatts (kW). With the application of 

watthour device both apparent power and power cost is computed. The apparent power 

device is linked with the watthour device, this linkage integrates the overall periodic 

procedure confirming maximum usage of the energy and resetting the necessary 

information to zero for respective periodic cycle (generally for each 15 to 30 minutes). 

The accuracy of KVA devices can be highly influenced by the harmonic’s currents 

occurred due to non-linear devices.  

The induction motor theory underlies the operation of conventional watt-hour devices, 

in which the rotor element or revolving disk inside the meter spins at a speed associated 

with energy transfer. On the other hand, conventional magnetic watt-hour devices of 

the disc type usually demonstrate negative harmonic frequency discrepancies. That is, 

they might record lower energy levels at harmonic frequencies than at the basic 

frequency, whereas at higher frequencies, the decline is less pronounced.  

Rectilinear devices include harmonic energy because of distorted voltage, but nonlinear 

devices typically inject harmonic energy back into the source model. Despite being 

utilized on a distorted electrical supply, measuring devices are calibrated on completely 
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sinusoidal alternating current. This results in a measuring inaccuracy. The amplitude 

and direction of the harmonic power determine the error sign. In contrast to producing 

torques, harmonic voltages or currents impair a meter's capacity to measure 

fundamental frequency power. 

VIII. Effect on Power System Protection 

Protective relays operational qualities are deteriorated by harmonics. The design 

parameters along with operating principles determine how harmonics affect the relay.  

Circuit breakers and fuse’s ability to cause interruptions is impacted by current 

harmonic distortion. Due to more heating in the solenoid, harmonics cause increased 

di/dt at zero crossing point, and the thermal magnetic breakers' current detection 

capability modifies the trip point. 

These downsides increase the cost of industrial manufacturing and other commercial 

events, due to the degrade seen in overall quality of the product material and decreased 

production [4]. 

IX. Effect on Consumer Equipment 

Television Receivers: The change in picture size and brightness of the TV set is 

influenced by harmonics. Also, the amplitude modulation of the fundamental frequency 

is altered due to harmonics [4]. As, an example with introduction of 0.5% of inter-

harmonic this leads to periodic amplification and decrement of the image of CRT 

screen.  

In lighting systems like fluorescent and mercury arc lamps, capacitors combined with 

the inductive elements of the ballast and circuitry form a resonant network that produces 

a specific resonant frequency. This resonance can lead to excessive thermal stress, 

ultimately causing operational failure of the components. Additionally, harmonic 

voltage distortion contributes to the generation of audible noise, further impacting the 

system’s performance and reliability. 

2.4. Harmonic Analysis Techniques 

Harmonic analysis involves measuring, modelling and assessing the impact of 

harmonics on power systems. Various techniques are used for harmonic analysis, 

including: 
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I. Fourier Transform-Based Methods: 

This methodology is one of the versatile Frequency Domain Analysis that is employed 

for harmonics. The wide application of Digital Signal Processor and microcomputer 

have introduced the algorithms such as FFT and DFT [6]. These algorithms have 

accurate precision and can be employed to detect the selective order harmonics, but 

delay in a complete cycle is inevitable. Also, the actual meaning is not clear by the 

conversion between frequency and time domain. 

It is the most powerful tool in mathematics, for converting a time-domain signal into 

the frequency domain 

 

Figure 2.1:Conversion from time domain to frequency domain 

For a continuous-time signal 𝑓(𝑡), the Fourier Transform 𝐹{𝑓(𝑡)} is defined as [7]: 

II. Discrete Fourier Transform:  

Discrete signals are used in most instances of electrical parameter measurements. The 

Fourier transform (FT) is altered to switch from the Discrete Fourier transform (DFT) 

in order to handle such discrete signals. 

For a sequence 𝑥[𝑛] of length 𝑁, where 𝑛=0,1,2,….,𝑁−1, the DFT 𝑋[𝑘] is defined as 

[4]: 

𝑋[𝑘] = ∑  𝑁−1
𝑛=0 𝑥[𝑛]𝑒−𝑗

2𝜋

𝑁
𝑘𝑛, 𝑘 = 0,1, … , 𝑁 − 1                                  (2.1) 

 

where N represents the total number of samples within one period. 

III. Fast Fourier Transform (FFT) 

The primary disadvantage of DFT is that it takes considerable time to work out for big 

values of N. The Discrete Fourier transform can be computed effectively using FFT 
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technique. The matrix required for multiplication in the Discrete Fourier Transform 

(DFT) is decomposed into several simpler forms using the Fast Fourier Transform 

(FFT). This shortens both the execution time and the multiplication procedure [6]. 

IV. Wavelet Transform (WT) 

It offers time-frequency localization, making it suitable for non-stationary harmonic 

analysis.  

V. Artificial Intelligence (AI) based methods 

Deep learning and machine learning techniques are increasingly applied for harmonic 

pattern recognition and classification. 

VI. MEMO-ESPRIT (Multiple Signal Classification and Estimation of Signal 

Parameters via Rotational Invariance Techniques) 

An advanced method for harmonic and inter-harmonic estimation with high resolution. 

2.5. Types of filters 

Filters are used in electrical and electronic systems to remove or reduce unwanted 

signals, such as harmonics in power systems or noise in communication systems. There 

are different types of filters according to their response characteristics. Some of them 

are: 

2.5.1 Passive Filter 

They consist solely of passive components: resistors (R), inductors (L), and capacitors 

(C). They are simple, cost-effective, and reliable, but have fixed tuning and limited 

adaptability. Single-tuned filters are designed for a specific harmonic frequency. A 

High-Pass Filter allows higher frequencies while blocking lower ones. A Low-Pass 

Filter allows lower frequencies while blocking higher ones. A band-pass filter allows a 

specific range of frequencies to pass through while attenuating frequencies outside this 

range. 

2.5.2 Active Filter 

They use power electronics and control algorithms to dynamically compensate for 

unwanted signals. An Active Power Filter (APF) is an electronic converter that 

generates and injects the required harmonic components into the system to cancel out 

the harmonics in the load current. Modern advancements in APF technology enable its 
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use for compensating reactive power, negative sequence currents, and harmonic 

currents.  

A SAPF injects a compensating current to neutralize harmonics, while a Series Active 

Power Filter compensates for voltage harmonics by injecting a series voltage. Hybrid 

Active-Passive Filters combine passive filters with active components for better 

performance. The main goal of hybrid filters is to reduce the cost of static 

compensation. Passive filters are employed to cancel out the most significant harmonics 

of the load, while the active filter enhances the performance of the passive filters or 

cancels additional harmonic components. This approach reduces the power demand of 

the active filter and helps mitigate issues associated with passive filters, such as 

resonances with the source impedance. 

I. Low-Pass Filter (LPF) permits low frequencies to pass through while attenuating 

higher frequencies.  

II. High-Pass Filter (HPF) permits high frequencies to pass through while attenuating 

lower frequencies. 

According to the literature, power filters are effective and commonly utilized solutions 

for limiting the spread of harmonic distortion in power systems Designing a passive 

power filter to effectively suppress harmonic current distortion caused by industrial 

nonlinear loads connected to a stiff power source presents a significant challenge. To 

enhance power quality, passive filters are typically integrated into the distribution 

system in both series and shunt configurations[8] . However, designing a passive power 

filter that effectively eliminates harmonic current distortion in industrial nonlinear loads 

connected to a rigid power source is a challenging task. Added to that, the passive filter 

has intrinsic disadvantages such instability, inflexibility, resonance with utility or load 

impedance, and massive bulk. On the other hand, in order to get around the negative 

aspects of the conventional filter, APFs that make use of VSIs have been explored as 

an alternative to passive filters. Active Power Filters (APFs) provide an ideal solution 

for power quality issues due to their numerous advantages, including flexibility, rapid 

dynamic response, and precise high-frequency filtering. 

The massive size, resonance with utility or load impedance, instability, and stiffness of 

the passive filter are among its inherent disadvantages. To get around the drawbacks of 
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the conventional filter, APFs that use VSIs have been implied as an alternative to 

passive filters. APFs are the perfect answer for power quality issues because of its many 

attributes, which include flexibility, a quick dynamic response, and accurate ascendant 

filtering[8]. Active filter holds a major advantage over passive filter as these filters can 

be controlled to compensate the harmonics and the THD lesser than 5% can be 

efficiently attained at the point of common coupling. 

Shunt APF adjusts for the harmonic currents induced by nonlinear loads by functioning 

as a current source. The control and the power circuit comprise a shunt active power 

filter, as illustrated in [9] . The compensating current is produced by the power circuit, 

which includes a DC-link capacitor for energy storage and DC voltage regulation, and 

a voltage source inverter (VSI) controlled through pulse-width modulation (PWM).  

Additionally, the control circuit continuously tracks changes in harmonic currents to 

determine the instantaneous reference current required for compensation. It then uses 

this data to precisely control the power circuit, ensuring the delivery of the required 

harmonic current. The techniques utilized for harmonic extraction and current 

management have an immense effect on the overall efficacy of harmonic current 

compensation [7]. The operation of a shunt Active Power Filter (APF) relies on 

injecting a compensation current that is equal in magnitude but opposite in phase to the 

distorted current, thereby cancelling out the original distortion. In other words, the 

harmonic current injected by the shunt APF is 180° out of phase with the harmonic 

current drawn by the nonlinear load, resulting in the mutual cancellation of these 

components. This is achieved by "shaping" the compensation current waveform (iC). 

The shape of the compensating current is determined by estimating the load current (iL

) and subtracting it from a sinusoidal reference [5]. The objective of the shunt Active 

Power Filter (APF) is to generate a sinusoidal source current (is) by utilizing the 

following relationship:  

 

Is = IL – IC                           (2.2) 
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Figure 2.2:Circuit diagram of shunt active power filter 

 

Figure 2.3: Waveform of source current after connecting filter 

 

The effectiveness of a shunt active power filter in reducing harmonics is determined by 

the approach used for sensing current harmonics and reactive power, as well as the 

design and execution of the compensation control algorithm. These factors collectively 

determine the filter's ability to accurately identify and compensate for harmonic 
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distortions in the system [10]. The instantaneous reactive power theory is commonly 

adopted as the foundation for controlling compensation currents. The fundamental 

concept of this P–Q theory was originally coined by Akagi et al. in 1983[11].  

Numerous scholars proposed a number of approaches to extract harmonic and 

fundamental components, including determining the reference compensation current 

and controlling the DC-link capacitor's voltage [10]. In [12],  this paper author has 

utilized modified IRPT theory, which states that to govern the reference compensating 

current needed to eliminate harmonic currents caused by nonlinear loads connected at 

the point of common coupling (PCC). The study has shown that the harmonic 

proliferation across the feeder can be inhibited by an APF attached to the feeder's end 

bus. The outcomes pointed out that the suggested control method is capable of 

accounting for harmonic currents in both dynamic and steady-state load scenarios.  

III. Reference Frame Theory: 

In the abc-frame, the three axes are spaced 120 degrees apart to represent the three-

phase current and voltage. The abc-reference frame is stationary, with the voltage and 

current in each phase following a sinusoidal waveform. The two axes, α and β, in the 

αβ-frame represent the exact balanced current and voltage. The β-domain is orthogonal 

to the α-domain, whereas the α-domain is equivalent to the a-axis of the conventional 

abc-domain. By reducing the number of necessary control loops, this transformation 

simplifies control in the αβ-frame by reducing the system from three axes to two. 

The voltage or current components along the α and β axes continue to be sinusoidal 

over time in spite of this simplification. The 0 component in the αβ0 reference frame 

becomes zero in balanced systems, when the magnitudes of the α and β axes are equal. 

The α and β axes, on the other hand, become uneven in magnitude in imbalanced 

systems that contain negative and zero sequence components. This causes the 0 

component within the αβ0 reference frame to have a non-zero value. 

The Clarke transform is used to convert signals from the abc-frame to the αβ-frame. In 

a three-phase abc system, computations are more intricate and less intuitive. The Clarke 

transform simplifies this by offering a compact two-dimensional representation, which 

is well-suited for real-time digital control platforms such as DSPs and FPGAs. Since 

the αβ-frame is stationary, it is particularly advantageous in applications where tracking 
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a rotating reference frame isn’t required, such as in vector motor control. This makes it 

an excellent choice for addressing THD mitigation in stationary, grid-tied systems. 

 

Figure 2.4: Currents in different reference frame 

2.5.3 Harmonic Extraction: 

The processes of harmonic extraction and estimation are essential in influencing the 

effectiveness and precision of a shunt active power filter utilizes various methods to 

determine the reference current, typically classified into two main categories: time-

domain and frequency-domain approaches. The time-domain method is relatively 

straightforward, involving algebraic transformations and circuit-level analysis. It 

requires minimal computational resources, resulting in faster control operations. In 

contrast, the frequency-domain method is more complex, typically offering higher 

precision in harmonic compensation intricate and involves higher memory 

requirements due to its dependence on spectral analysis methods [6]. 

The instantaneous reactive power theory, commonly referred to as PQ theory, is 

formulated in the time domain and implemented through a simulation model developed 

in MATLAB/Simulink. At its core, IRPT involves transforming the stationary reference 

frame from the a-b-c coordinates to the 0-α-β coordinates a process referred to as the 

Clarke transformation. This coordinate transformation serves as the foundation for 

analysing and controlling power components in real-time. In Clark transformation, a 
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three-phase system is converted into a two-phase stationary reference frame. During 

this process, the voltage and current parameters are expressed as the sum of two 

mutually dependent and orthogonal vectors. These vectors simplify the analysis and 

control by providing a decoupled representation of the electrical quantities in the 

system. The representation of the Clark transformation is illustrated in the phasor 

diagram below: 

 

 

Figure 2.5: Reference currents in single phasor diagram 

The conversion of source voltage and source current into 0-α-β components from abc 

components is as shown in the following expressions (2.3) and (2.4). 

 

     [

𝒗𝟎

𝒗𝜶

𝒗𝜷

] = √
𝟐

𝟑
⋅ [

𝟏/√𝟐 𝟏/√𝟐 𝟏/√𝟐
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𝟎 √𝟑/𝟐 √𝟑/𝟐
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𝒗𝒂
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𝒗𝒄
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      [

𝒊𝟎

𝒊𝜶

𝒊𝜷
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𝟐

𝟑
⋅ [

𝟏/√𝟐 𝟏/√𝟐 𝟏/√𝟐
𝟏 −𝟏/𝟐 −𝟏/𝟐

𝟎 √𝟑/𝟐 √𝟑/𝟐

] ⋅ [

𝒊𝒂

𝒊𝒃

𝒊𝒄

]                    (2.4) 

 

In the a-b-c coordinate system, the three-phase voltages are represented as va, vb, and 

vc, while the corresponding three-phase currents are denoted as ia, ib, and ic. In the 0-α-

β coordinate system, the voltages are indicated by v0, vα, and vβ, and the currents are 

represented as i0, iα, and iβ. 
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Total complex power is the sum of active power (p) and reactive power (q), which can 

be calculated using the following equation (2.5): 

𝑆 = 𝑝 + 𝑗𝑞 = 𝒗𝛼𝛽𝒊∗
𝛼𝛽  

    = (𝒗𝛼 − 𝑗𝒗𝛽)(𝒊∗
𝛼 + 𝑗𝒊∗

𝛽) 

    = (𝒗𝛼 + 𝒗𝛽𝒊𝛽) + 𝑗(𝒗𝛼𝒊𝛽 − 𝒗𝛽𝒊𝛼)                                                 (2.5) 

Where, S represents the complex power, p is given by active power, q denotes the 

reactive power, and * characterizes the complex conjugate. 

Hence, the instantaneous active and reactive power components in the α-β reference 

frame can be expressed in matrix form as follows:  

[
𝑝
𝑞] = [

𝑣𝛼 𝑣𝛽

−𝑣𝛽 𝑣𝛼
] ⋅ [

𝑖𝛼

𝑖𝛽
]                      (2.6) 

In the presence of nonlinear loads, the instantaneous active and reactive powers are 

further divided into their DC and AC components. The DC component (p̅) of the 

instantaneous active power represents the portion of power delivered from the source 

to the load and corresponds to the fundamental components of current and voltage. 

Conversely, the AC component reflects the exchange of energy between the source and 

the load (p*). A higher-order low-pass filter is employed to isolate the DC component 

of the instantaneous real power, which represents the portion of power that the three-

phase AC source is required to supply[9]. The control schematic based on the 

Instantaneous Reactive Power Theory (IRPT) is illustrated in Figure 2.6. 
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Figure 2.6: Instantaneous Reactive Power Theory Control Algorithm 

Concerning about the instantaneous reactive power component (Q),  𝑞̅ and q*, shows 

the fundamental and harmonic component respectively, that is responsible for the flow 

of energy between the load phases. The instantaneous current of α and β axis are given 

in equation below [13]: 

 

α – axis instantaneous active current:  

iαp = 
𝑣𝛼

𝑣𝛼2+𝑣𝛽2
 . p         (2.7) 

α – axis instantaneous reactive current: 

iαq = 
−𝑣𝛽

𝑣𝛼2+𝑣𝛽2
 . q         (2.8) 

β – axis instantaneous active current: 

 iβp = 
𝑣𝛽

𝑣𝛼2+𝑣𝛽2
 . p         (2.9) 

β – axis instantaneous reactive current:  
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iβq = 
𝑣𝛼

𝑣𝛼2+𝑣𝛽2
 . q                     (2.10) 

p= 𝑝̅ + p*                                                               (2.11) 

q=  𝑞̅+q*                                                 (2.12) 

The AC component (p*) of the active power and the total reactive power (q) are 

mandatory for the generation of harmonic reference currents. To compensate for the 

switching losses in the Voltage Source Inverter (VSI) and to maintain the DC-link 

voltage at the desired level, the SAPF needs a small amount of real power (𝑝̅loss) from 

the three-phase AC source or an external power supply. Thus, the AC component (p*) 

of the active power can be computed by the given equation in (2.13): 

   

𝑝 ∗= 𝑝 − 𝑝̅ + 𝑝̅loss                                                      (2.13) 

         

 [
𝑖𝑎

∗

𝑖𝛽
∗ ] =

1

𝑣𝛼
2+𝑣𝛽

2 ⋅ [
𝑣𝛼 −𝑣𝛽

𝑣𝛽 𝑣𝛼
] ⋅ [

p ∗
𝑞 ∗]                                                     (2.14) 

  

[

𝑖𝑎
∗

𝑖𝑏
∗

𝑖𝑐
∗

] = √
2

3
⋅ [

1 0

−1/2 √3/2

−1/2 −√3/2

] ⋅ [
𝑖𝛼

∗

𝑖𝛽
∗ ]                                                       (2.15) 

 

Consequently, the compensating reference currents are first determined within the α-β 

coordinate system and then converted back to the a-b-c coordinate system through the 

application of the inverse Clarke transformation, as shown in the earlier expression. 

This procedure facilitates the application of reference currents in the three-phase 

system, thereby enabling efficient harmonic compensation. 

2.5.4 Current Control Technique: 

The establishment of appropriate criteria is a crucial step in the comparative analysis of 

different control mechanisms and the choice of a realistic test scenarios [14] to evaluate 

the performance level offered by each of the considered methods. In the overall design 

of the SAPF current control system, various control strategies are employed to generate 

the control pulses that dictate the switching behaviour of the filter. Among the different 

approaches, the hysteresis band current control method is widely adopted due to its 

simplicity and fast dynamic response in the following research for the generation of the 
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switching signals supplied to the VSI.  The hysteresis current control method is widely 

used because of its straightforward implementation, high accuracy, rapid response, and 

robust stability[15], [16].  

The main goal of using a current controller is to manage the load current, ensuring it 

follows the reference signal precisely. This is achieved by producing suitable switching 

signals for the inverter, keeping the current within a set hysteresis band, The load 

currents are constantly monitored and compared to their reference values through three 

separate hysteresis comparators. The results from these comparators are used to control 

the inverter’s switching states [17]. Consequently, this method is widely favoured for 

its effectiveness. However, a notable drawback is the variation in the switching 

frequency throughout the fundamental cycle, which can lead to inconsistent inverter 

performance. To address this issue, several methods is suggested in the research to 

stabilize or minimize fluctuations in switching frequency.  

Depending upon the hysteresis band configuration, current controllers are categorized 

into two types: the fixed-band and sinusoidal-band hysteresis current controllers. This 

classification is determined by the nature of the hysteresis band utilized in the control 

strategy. Figure. 2.7 and Figure. 2.8 illustrates the current waveforms for these 

controllers. In a sinusoidal band controller, the hysteresis band varies sinusoidally over 

a fundamental period, as shown in Figure. 2.7. The waveform of the fixed-band 

hysteresis current controller is shown in Figure. 2.8 [15]. 

In the fixed-band approach, the hysteresis band remains constant throughout the 

fundamental period. The mathematical model for this fixed-band scheme is expressed 

as follows: 

Iref = Imax sinwt          (2.16) 

Iup= Iref+H          (2.17) 

Ilow = Iref -H          (2.18) 

In the above expressions Iup refers to the upper band, Ilow is defined as the lower band, 

In the fixed-band scheme, H represents the hysteresis band limit. Referring to Figure 

2.8, when ia>iup, the signal to the controller is 0, indicating that the inverter output 

voltage switches to negative to reduce the line current. Conversely, when ia<ilow, the 
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signal is 1, causing the inverter output voltage to switch to positive to increase the line 

current. 

In contrast, the sinusoidal-band scheme involves a hysteresis band that varies 

sinusoidally over the fundamental period [15] . Mathematical model of this scheme is 

given by the following equations: 

Iref = Imax sinwt          (2.19) 

Iup = (Imax +H) sinwt         (2.20) 

Ilow = (Imax-H) sinwt         (2.21) 

 

 

Figure 2.7: Hysteresis current controller waveform in sinusoidal frame 

 

 

 

Figure 2.8: Hysteresis current band in fixed frame 



28 

The actual current (isa, isb, isc) and the reference current (ia*, ib*, ic*) are compared to 

generate an error signal, which is then fed into the inverter. This causes the VSI 

switches to continuously turn on and off in order to keep the actual current within the 

hysteresis band. When the current error exceeds the upper threshold of the hysteresis 

band, the inverter adjusts accordingly, the output of the Voltage Source Inverter (VSI) 

is turned off, and conversely, it is turned on when the error drops below the lower limit. 

Generally, the DC voltage attains its peak value when there is a requirement to raise the 

output current, and drops to its lowest value when a reduction in current is necessary[9]. 

2.5.5 Proportional Integral (PI) Controller: 

• Proportional (P) controller: 

In a controller utilizing proportional control action, the relationship between the 

controller output m (manipulated variable) and the error signal e(deviation) is linear 

[18] . 

Mathematically, 

m(t) = Kp e(t) 

After Laplace transformation, 

 M(s) = Kp E(s)         (2.22) 

or, Kp = M(s)/E(s)         (2.23) 

Where Kp is recognized as proportional gain or proportional sensitivity.  

• Integral Controller: 

In a controller with integral control action, the controller output changes at a rate 

proportional to the integral of the actuating error signal e(t). 

Mathematically,  

  
𝑑 𝑚(𝑡)

𝑑𝑡
 =Ki e(t)          (2.24) 

   where, Ki is a constant. 

   M(t) = Ki∫e(t) +m(0)         (2.25) 

   After Laplace transform, 

   sM(s) = Ki E(s)         (2.26) 
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𝑀(𝑠)

𝐸(𝑠)
 = 

𝐾𝑖

𝑠
           (2.27)  

Above equation (2.26) [18] is the transfer function of integral controller. 

• PI controller  

A Proportional-Integral (PI) Controller is a widely used control algorithm in power 

electronics, industrial automation, and motor drives. It is a type of closed-loop 

controller that improves system performance by adjusting the control input based on 

both the present and past errors[18].  

The control output m(t) of a PI controller is given by: 

m(t) = Kpe(t)+ Kp Ki∫e(t)dt        (2.28) 

or, m(t) = Kp e(t) + Kp (
1

𝑇𝑖
) ∫e(t)dt       (2.29) 

Laplace transform,  

M(s) = Kp E(s) + Kp / sTi E(s)        (2.30) 

M(s) = E(s) [1+
1

𝑠 𝑇𝑖 
] Kp         (2.31) 

𝑀(𝑠)

𝐸(𝑠)
 = Kp[1+ 

1

𝑠 𝑇𝑖 
]         (2.32) 

where,  

Kp = Proportional gain (affects response speed and stability) 

Ki = Integral gain (eliminates steady-state error) 

e(t)= Error signal  

Another critical function of the SAPF is to regulate the DC-link voltage of VSI, 

ensuring it remains stable and within the desired range for efficient system 

performance. Typically, power filters that utilize VSIs for generation of harmonic 

reference currents include capacitor to store energy. In an ideal scenario, the voltage 

across the capacitor is same assuming there is no real power exchange between the filter 

and grid. However, during actual operation, the VSI draws small amount of real power 

to support its switching activity. To ensure a constant voltage and effective harmonic 

current compensation, a PI controller is incorporated into the control loop. In this 

scheme, the Vdc is continuously compared against the Vdc_ref, and resulting error signal. 
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PI controller processes a signal to eliminate steady-state errors in tracking the reference 

current.  

The paper [19] further reviews studies on harmonics introduced by EV chargers and 

different compensation techniques. Researchers have proposed methods like 

estimation-based capacity calculation for SAPF sizing, active compensation, and 

advanced filtering techniques incorporating Kalman filters and sliding mode 

controllers. With the rise of EV adoption, the authors emphasize the importance of 

optimizing SAPF control strategies using intelligent algorithms to achieve better 

harmonic suppression. This study contributes by designing an optimal PI controller for 

SAPF using a Criminal Search Optimization Algorithm (CSOA), which enhances DC-

link voltage regulation and improves power quality in EV charging stations. The 

proposed method is validated through MATLAB/Simulink simulations and real-time 

implementation using an OPAL-RT simulator, demonstrating its effectiveness 

compared to conventional optimization techniques like PSO, WOA, ACO, and BCO. 

The author of paper[20] contributes to the field by proposing an analytical model for 

estimating SAPF capacity based on harmonic parameter estimation and analytical 

modelling, validated through simulation and real-world testing in an EV charging 

station. The authors analyse the operational principles of a three-phase uncontrolled 

rectifier charger in both continuous conduction mode (CCM) and discontinuous 

conduction mode (DCM). They propose a parameter estimation method for the 

equivalent circuit of EV chargers using measured AC voltage and current waveforms. 

The estimation focuses on key circuit parameters, including DC voltage, filter 

inductance, and load resistance, using mathematical models based on conduction angle 

analysis. 

Researchers have developed both DC and AC charging pile circuit models[21], which 

helps in analysing the electrical characteristics of charging infrastructure. These models 

have been instrumental in examining the harmonic distortion effects caused by EV 

chargers, particularly in the context of rectification and power conversion processes. 

Additionally, this paper has focused on the noise generated by charging piles, 

investigating both conducted and radiated electromagnetic interference (EMI) to assess 

their impact on the power system and surrounding equipment.  
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From paper[22] , a comprehensive analysis of harmonic emissions resulting from the 

smart charging of electric vehicles (EVs) is presented. This research encompasses eight 

distinct EV models, reflecting the current market's diversity by considering various 

aspects such as vehicle age, battery capacity, and the type of onboard charging 

systems—whether integrated or dedicated. The harmonic emission data were evaluated 

based on amplitude, phase angle, and total harmonic distortion, with particular attention 

to current (THDI) and voltage (THDV) distortions. The results reveal that EVs charged 

at lower smart charging current setpoints tend to generate higher harmonic distortions, 

as evidenced by increased THDI values. Among the studied models, the Peugeot e-

2008 recorded the highest THDI, ranging from 11% to 26%. Furthermore, the Tesla 

Model Y Long Range and two versions of the Renault Zoe displayed similar 

magnitudes of individual harmonic distortion components. 

The findings of paper[22] highlights the significance of harmonics-aware smart 

charging strategies that not only support demand-side management but also help in 

reducing harmonic distortion. Moreover, the study underlines the necessity for 

developing more sophisticated probabilistic models capable of evaluating and 

minimizing harmonic impacts in practical scenarios, considering both electric vehicles 

and other non-linear loads connected to the same PCC. These crucial findings lay a 

solid foundation for future research aimed at enhancing existing standards to 

accommodate the increasing integration of EVs into modern electrical grids. 

In the paper[23], with significant reference to the limited experimental data available, 

which consists of fewer than a dozen studies from the past decade, the typical emission 

mechanisms, spectral behaviour, and the superposition of emissions from various 

chargers, along with the existing LV grid distortion, were discussed. Harmonic 

distortion remains highly variable across different electric vehicle (EV) models and, in 

certain conditions, can exceed the permissible limits set by IEC standards, despite the 

widespread implementation of power factor correction (PFC) techniques. The 

superposition of harmonics is further complicated by the presence of various distorting 

loads—such as residential and office appliances, which have a significant presence 

within the AC grid. Notably, certain dominant low-order harmonics demonstrate 

sensitivity to the waveform of the grid voltage, particularly under conditions where flat-

top voltage profiles, often influenced by third harmonic contamination, are present. 
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This underscores the importance of conducting harmonic emission assessments under 

conditions that closely replicate real-world usage. Within the supraharmonic frequency 

range, emissions originating from the PFC stage and downstream power converters 

within the EV are observed, typically manifesting as a primary switching frequency and 

its associated harmonics. Additionally, broadband emissions may be detected in the 

lower frequency range, typically below 10 kHz, driven by impulses generated from the 

PFC operation[23]. 

2.5.6 IEEE Standard for Harmonics: 

To limit the harmonic currents into the power system, IEEE Standards Association has 

established guidelines and limitations regarding harmonic standards (IEEE Std 519-

1992 [24]), which was further refined in 2014 (IEEE Std 519–2014). From this standard 

the THD shall not exceed 5%[24]. This work explores various sources of harmonics, 

including VAR compensators, cyclo-converters, switch-mode power supplies, pulse-

width modulated drives, inverters used in distributed generation, and waveform 

distortion caused by harmonics. It also analyses distortions in low-voltage distribution 

feeders, industrial networks, and transmission systems. Furthermore, it addresses the 

impact of harmonic distortion on the performance of several devices or loads such as 

motors, generators, transformers, power cables, capacitors, and electronic equipment is 

discussed. As a result, power filters are utilized to ensure compliance with the 5% 

harmonic distortion limit. 
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CHAPTER 3: METHODOLOGY 

This chapter describes the method, tools, and techniques used, starting with data 

collection from the feeder and charging station, and their detailed modelling for 

harmonic analysis of the charging station on the distribution network.  

3.1.1 Approach 

Initially, a literature review is conducted to understand the concepts of harmonic 

analysis, the impacts of harmonics on low-voltage distribution networks, the need for 

harmonic analysis, and possible mitigation methods. The required data is then collected 

from the Pulchowk DCS for the modelling of the Sanepa feeder and Sajha Yatayat. 

Figure.3.1 outlines a structured process for analysing and mitigating harmonic 

distortion in an electrical feeder with an EV charging station using MATLAB/Simulink. 

The process begins with a literature review to understand power quality, harmonic 

distortion, and mitigation techniques. Next essential data, including (i.e. transformer 

specifications, line length, load details and charger characteristics) were collected to 

build an accurate system model. A simulation model is developed in 

MATLAB/Simulink, which includes the grid, feeder, and charging station. The 

simulation is executed to analyse the harmonic distortion. The THD is then compared 

with IEEE standards to determine compliance. If THD exceeds acceptable limits, a 

SAPF is designed and integrated into the model to mitigate harmonics. After 

implementing the filter, the simulation is re-run, and the model results are analysed to 

verify the reduction in THD. Finally, the entire process, including data collection, 

simulation setup, THD analysis and SAPF performance evaluation is thoroughly 

documented for validation. 
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Figure 3.1: Flowchart of the approached methodology 

3.1.2 Data Collection 

The EV charging stations are to be provided with a 3-phase, 400V, 50Hz AC supply 

through the distribution transformers connected an 11kV feeder line as per the NEA 

specifications. This work conducts the study of total harmonic distortion on the Sanepa 

distribution feeder of Kathmandu valley due to an electric vehicle charging station. The 

feeder is supplied by Thapathali Switching Station. This feeder consists of 20 

transformers, and the feeder length is 9.6km. This 11kV system consists of commercial 

as well as residential loads. Figure. 3.2 shows a GIS map view:  

Figure 3.2: GIS map view of Sanepa Feeder 
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3.1.3 System Modelling 

The feeder is modelled in the MATLAB/Simulink environment. Initially, the model 

was developed to analyse the system behaviour before the sajha charging station was 

integrated and the THD in the grid was evaluated. Subsequently, a charging station load 

was incorporated at the feeder and THD analysis was performed. To mitigate the 

harmonic distortion introduced due to charging station, a SAPF is designed and 

connected in parallel. The input voltage for the charger is 380V AC with a tolerance of 

±15%. The output voltage varies between 200 and 750V DC while the maximum output 

current is 150A DC. The charger has an output power of 90KW. The rated frequency 

ranges from 45Hz to 65Hz data which is shown in Table. 3.1 

 

Table 3.1: Charger Specifications 

Charger Specifications 

Input Voltage 380V±15% AC 

Input Current 131A AC max 

Rated frequency 45-65 Hz 

Output Voltage 200 ~750V DC 

Output Current 150A DC max 

Output Power 90KW 

Ambient Temperature -30⸰C ~ +55⸰C 

 

Table. 3.2 specifies the electrical characteristics of the power system. The main source 

voltage is 11kV. A transformer with a rating of 11kV/0.4kV is used to step down the 

voltage from 11kV to 400V for load-side applications. The load-side AC voltage is 

maintained at 400V which is suitable for EV charging station. The system frequency is 

50Hz. An AC inductor of 1.5mH is included, which helps in filtering harmonics current 

flow. The power electronic converters or filters in the system operate at the switching 

frequency of 10kHz.  
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Table 3.2: Feeder and filter data 

 

 

 

 

 

 

 

 

 

3.1.4 Tools and Software 

The technical and scientific advancements in the field of computer architecture, 

software, and various programming tools have made the modelling and study of power 

systems easier. In the past, modelling and analysis were tough, time-consuming, and 

less accurate due to slow processing tools and software. In this section, the tools used 

to carry out this dissertation are listed.  

I. Microsoft Office 

Microsoft Office or MS Office, is a suite of desktop productivity applications developed 

by Microsoft. It contains Microsoft Word, Microsoft Excel, and Microsoft PowerPoint 

as the core products. In this study, Microsoft Word is used as documentation of the task, 

and Microsoft Excel is used for managing data and performing calculations.  

II. MATLAB 

MATLAB, short for MATrix LABoratory, is a proprietary multi-paradigm 

programming language and numerical computing environment developed by 

MathWorks. It enables matrix manipulation, function and data plotting, algorithm 

implementation, user interface creation, and integration with programs written in other 

Parameter Details 

Main source voltage 11kV 

System Frequency 50Hz 

Transformer 11/0.4kV 

Load side ac voltage 400V 

Ac inductor 1.5mH 

Switching Frequency 10KHz 

Kp  1.2  

Ki 8 

Cdc 1000 micro-farad 
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languages. In this work, MATLAB/Simulink is used for the modelling of basic power 

system network consisting of a voltage source, distribution line impedance, and a 

nonlinear load. To mimic a realistic scenario, an electric vehicle (EV) charging station 

was integrated at the distribution feeder. Also, a SAPF using a current controlled 

voltage source converter (VSC) to compensate for the harmonic currents generated by 

the charging station was designed in Simulink environment. Throughout the simulation 

process Fast Fourier Transform (FFT) blocks were used to measure THD, and scopes 

were employed to visualize voltage and current waveforms. Figure. 3.3 shows the 

overall diagram of the system containing source, line impedance and active power filter: 

 

 

Figure 3.3: Overall System Diagram 
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CHAPTER 4: RESULTS AND DISCUSSION 

At first, the system was tested for the condition before the charging station was 

integrated. Sanepa feeder is in an urban area where a lot of other commercial buildings 

and nonlinear loads are also present.  

For the charging station, an 11/0.4 kV transformer is used to step down the voltage. The 

source voltage waveform is shown in Figure. 4.1: 

Figure 4.1: Waveform of source voltage 

 

After connecting the charging station to the system, the presence of power electronic 

converters further distorted the current compared to original current. Figure. 4.2 and 

Figure. 4.3 shows the waveforms for distortion of three-phase load and source currents:  

 

Figure 4.2: Waveform of load current after connecting charging station 
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Figure 4.3: Waveform of source current after connecting charging station 

 

The Figure. 4.4 describes about the compensated source current of phase “a” after 

connecting the SAPF. The filter supplied the compensating harmonic current equal to 

the distorted current, resulting in a sinusoidal waveform. 

 

Figure 4.4: Compensated source current of phase a after connecting filter 
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There is a distortion in source current due to presence of the nonlinearity behaviour of 

the charging stations, which contain AC-DC rectifier for converting the utility source 

voltage to DC form and dc-dc converter for buck/boost the voltage level according to 

the battery. Figure. 4.5 depicts the FFT analysis for the total harmonic distortion of the 

source current as 27.31%, which surpasses the IEEE harmonic standard limit. The 

dominant harmonics are 5th ,7th ,11th ,13th  and 17th respectively.  

 

Figure 4.5: FFT analysis of source current before compensation 

 

The THD of the system exceeds the IEEE limit, and to mitigate this, a shunt active 

power filter is connected at the point of common coupling. The instantaneous reactive 

power theory control algorithm is used to provide the reference current equal to the 

harmonic current to make the source current more sinusoidal. Figure.4.6 portrays a 

Simulink model of the reference compensation current generation (I*a, I*b, and I*c) in 

a-b-c frame, respectively.  
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Figure 4.6: Transformed reference currents in abc frame 

Figure. 4.7 shows the THD of the system after connecting the shunt active power filter 

at the point of common coupling. It reduces the total harmonic distortion to 1.23% from 

27.31% which is within the grid code[25] IEEE limit.  

 

 

Figure 4.7: Source current FFT analysis after compensation 

 

After the reduction of the THD of the system, the source current becomes sinusoidal, 

which is illustrated in Figure. 4.4.  
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CHAPTER 5: CONCLUSION AND RECOMMENDATIONS 

There is an increasing trend of electric vehicles globally as well as in Nepali automotive 

industry. In this study, a model of a Sanepa distribution feeder is developed where there 

are charging stations located. Involvement of power electronics converters in charging 

topology acts as a non-linear load that actively brings distortion in the current and 

voltage waveforms. The simulation results demonstrate that integrating charging 

stations on a large scale significantly injects harmonic currents, distorting the current 

waveform. On doing the Fast Fourier Transform analysis before compensation, as 

shown in Figure. 4.7, the total harmonic distortion rose to 27.31% in the form of 

different scales of harmonics, which is much higher than the IEEE limit. The shunt 

active power filter proposed in this paper is a viable solution to compensate for such 

distortion present in the system. After the use of the filter, the total harmonic distortion 

was reduced to 1.23%. This suggests that the use of a shunt active power filter provides 

superior performance, compensating for harmonics in real-time and ensuring 

compliance with IEEE 519 standards. 

Future works shall focus on techno-economic assessment of SAPFs by making 

advancements in control algorithms. As smart grids are becoming more prevalent, the 

application of SAPFs in real-time harmonic mitigation and how they can communicate 

with other smart grid elements to ensure power quality shall be further explored. The 

harmonics produced by power electronics converters are characterized by high 

frequency, a broad frequency range, and multi-type coupling. Additional research is 

needed to develop methods for identifying and suppressing high-order harmonics and 

inter-harmonics.  
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APPENDIX A: SIMULATION DIAGRAMS 

 

 

Figure: Overall simulation diagram of the feeder 
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Figure: Simulation Diagram of Instantaneous Reactive Power Theory 

 

 

 

Figure: Active and Reactive Power Calculation Block 
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Figure: Reference Current Generation 

 

 

 

 

Figure: Hysteresis current control method for switching signals generation 
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Abstract
Electric Vehicles (EVs) are making its way on the mainstream in the automobile industry due to their low CO2 emissions, simple
maintenance and low operating costs. As the number of electric vehicles increases, the charging demand affects the distribution
network features. The augmentation of electric vehicle infrastructure has brought different challenges in terms of power quality
such as harmonic distortion on the distribution network. The employment of modern power electronics equipment in chargers
causes variation of loads which is the cause of distortion of normal sinusoidal pattern of the current and voltage waveforms thus
leading to hinderance in the system known as harmonics. This research concentrates on analysis of total harmonic distortion (THD)
introduced by EVs charging station on real distribution feeder. In this paper, Sanepa distribution feeder is modelled and the shunt
active power filter with instantaneous reactive power theory is brought to use allowing to compensate the harmonic currents at the
point of common coupling (PCC). The proposed approach is implemented and the outcome shows that the THD is significantly
reduced to 1.34% from 31.22%. The modelling and simulation is carried out in MATLAB/Simulink platform.

Keywords
Electric Vehicle, Total Harmonic Distortion(THD) , Shunt Active Power Filter, Point of Common Coupling(PCC), Voltage Source
Inverter(VSI)

1. Introduction

The rising concept of clean and green energy has reduced the
use of vehicles powered by fuels. The use of electric vehicles is
increasing rapidly compared to internal combustion engine
(ICE) vehicles. From the well-to-wheel perspective, the use of
EVs reduce Nitrogen oxides by 20 times and particulate matter
(PM) by 4 times[1]. Nepal has been making significant strides
in promoting electric vehicles (EVs) as part of its commitment
to sustainable energy and reducing carbon emissions. In
Nepal, the Nepal Electricity Authority (NEA), a government
electrical utility company has been at the forefront of this
initiative, supporting the development of EV charging
infrastructure across the country. There are currently 62
operational EV charging stations under the NEA. NEA has
approved applications for an additional 750 charging stations
across various locations in Nepal, with a total proposed
capacity of 105.32 MW. Of this, 60 MW has already been
installed. In total, Nepal has an installed charging capacity of
78.8 MW, collectively supplying an average of 322,300 units of
electricity per day(Source-NEA).
The growing market presence of EV charging stations in the
distribution system has led to substantial power quality issues,
firstly due to harmonic distortions. EV chargers mainly DC
chargers employ power electronic converters that introduce
non-linear currents, resulting in harmonics that distort the
voltage and current waveforms. These harmonics can
negatively influence grid performance by increasing THD,
causing excessive losses and reduce the lifespan of electrical
components such as transformers [2]. Harmonics are
non-sinusoidal components in electrical waveforms that arise
due to nonlinear loads such as power electronics devices,
transformer and fluorescent lighting. In transformers,

harmonic voltage causes increase in hysteresis and eddy
current losses in the laminations, it also increases stress of the
insulation. Harmonic current increases copper loss which
increase temperature and create hot spots in that transformer.
Harmonics degrade the operating characteristics of protective
relays also affects the interruption capability of circuit
breakers and fuses[3].

1.1 Harmonic Distortion Analysis

The battery of EV needs direct current (DC) for charging. The
power electronics converters (non-linear load) convert
alternating current (AC) to DC. Hence, the charger circuit
topology causes non-linearity of consumed current. Current
and voltage waveform can be present as a sum of sinusoidal
shapes on different harmonic frequencies. The general
distortion level is the total harmonic distortion (THD)
level.Total harmonic distortions calculations for voltage and
current as a percentage of how much a waveform deviates
from a pure sinusoidal signal due to harmonics are expressed
in (1) and (2).

T HDV =
√∑∞

h=2 V 2
h

V1
(1)

T HD I =
√∑∞

h=2 I 2
h

I1
(2)

where h – harmonic order number, Vh, Ih – root mean square
voltage and current RMS values of main frequency (50 Hz).
Harmonics analysis is important to know the condition of
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distribution system. Fast Fourier Transform (FFT) is the most
powerful tool in mathematics which is widely used for
frequency-domain analysis of harmonics. For a
continuous-time signal f(t), the Fourier Transform Ff(t) is
defined in (3):

F (ω) =
∫ +∞

−∞
f (t )e− jωt d t (3)

Where, F(w) is the fourier transform of the time-domain
function f(t), f(t) is the original function, w represents the
angular frequency in radians per second.

1.2 Filter

Filters are used in electrical and electronics systems to remove
or reduce unwanted signals, such as harmonics in power
systems or noise in communications systems. Conventional
passive filters are simple, cost-effective and reliable but have
fixed tuning and limited adaptability[4]. Due to the
advancement in technologies, the filters used nowadays have
dynamic control algorithms to compensate for unwanted
signals. Active power filter is an electronic converter that
produces and injects into the system the necessary harmonic
components to cancel the harmonics of load current. Hybrid
active-passive filters combine passive filters with active
components for better performance. The literature review
reveals that power filters are efficient available technologies
that are widely used to eliminate harmonic distortion
propagation. Conventionally, series and shunt passive power
filters are tied to the distribution network for power quality
improvement[5]. However, designing a passive power filter
that is capable of efficiently eliminating harmonic current
distortion in industrial nonlinear loads connected to a rigid
power supply is still a challenge.

1.3 Shunt Active Power Filter

Shunt active power filter as depicted in Fig.1 acts as a current
source, compensating the harmonic currents due to nonlinear
loads. It is composed of two circuits: the power circuit and the
control circuit. The power circuit is accountable for
synthesizing the required compensation current[6]. It
comprises a PWM-based voltage source inverter(VSI) paired
with DC-link capacitor to stabilize and regulate the DC voltage.
Additionally, the control circuit dynamically monitors the
fluctuation in the harmonic current, continuously
determining the instantaneous reference compensation
current. The shape of compensation current is obtained by
measuring load current (iL) and subtracting it from a
sinusoidal reference. The aim of shunt APF is to obtain a
sinusoidal source current (iS) using the relationship (4):

iS = iL − iC (4)

Figure 1: Shunt Active Power Filter

1.4 Harmonic Detection Strategy

The harmonic extraction assessment plays a crucial role in
determining the performance and accuracy of the shunt
active power filter. Reference current can be determined
through both time domain analysis and frequency domain
analysis methods. The PQ theory is grounded on the
transformation of the a-b-c stationary reference coordinate to
the 0−α−β rotating coordinate, which is known as a Clarke
transformation[7]. The required expressions for source
voltages and currents in components 0−α−β are in (5) and
(6):
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With the presence of nonlinear loads, the instantaneous active
and reactive power components are decomposed of their AC
and DC parts. The Fig.2 below shows the complete control
algorithm describing the harmonic current compensation:

Figure 2: Control algorithm using instantaneous reactive
power theory

Various control methods have been applied to generate the
control pulses for defining the filter switching states.
Reference [8] applies hysteresis band current method to

2
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produce switching signals of the voltage source inverter. In
this approach, the current is maintained within a predefined
band around the reference current. Actual current is
compared to the reference current and the inverter switches
are turned on and off continuously. With the increasing EV
adoption, the authors in [4] highlight the development of an
optimal PI controller using a Criminal Search Optimization
Algorithm (CSOA). This approach significantly enhances
DC-link voltage regulation and improves power quality in EV
charging stations. The author of paper[9] advances the field by
proposing an analytical model to estimate SAPF capacity
based on harmonic parameter estimation and analytical
modeling, validated through simulation and real-world testing
at an EV charging station. Researchers have developed both
DC and AC charging pile circuit models[10] which help in
analyzing the electrical characteristics of charging
infrastructure. Additionally, this paper have focused on the
noise created by charging piles, investigating both conducted
and radiated electromagnetic interference (EMI) to assess
their impact on the power system and surrounding
equipment. [11]analyzes the harmonic currents, apparent,
active, reactive and distortion power associated with a cluster
of electric vehicle taper-current type battery chargers,
connected to a common bus. Harmonic distortion varies
significantly across different EV models, often exceeding IEC
limits under some conditions. The superposition of
harmonics can arise from a wide range of distorting loads,
including home and office appliances, as well as equipment,
characterized by a substantial penetration into the AC
grid[12].

2. Methodology

Fig.3 outlines a structured process for analyzing and
mitigating harmonic distortion in an electrical feeder with an
EV charging station using MATLAB/Simulink. The process
begins with a literature review to understand power quality,
harmonic distortion, and mitigation techniques. Next
essential data, including (i.e. transformer specifications, line
length, load details and charger characteristics) were collected
to build an accurate system model. A simulation model is then
developed in MATLAB/Simulink, incorporating the grid,
feeder, and charging station. The simulation is executed to
analyze the harmonic distortion. The THD is then compared
with IEEE standards to determine compliance. If THD exceeds
acceptable limits, a SAPF is designed and integrated into the
model to mitigate harmonics. After implementing the filter,
the simulation is re-run, and the model results are analyzed to
verify the reduction in THD. Finally, the entire process,
including data collection, simulation setup, THD analysis and
SAPF performance evaluation is thoroughly documented for
validation.

Figure 3: Flowchart for Research Work

2.1 Data Collection

The EV charging stations are to be provided with 3-phase,
400V, 50Hz AC supply through the distribution transformers
connected at 11kV feeder line as per the NEA specifications.
This work conducts the study of total harmonic distortion on
sanepa distribution feeder of Kathmandu valley due to electric
vehicle charging station. The feeder is supplied by Thapathali
Switching Station. This feeder consists of 20 transformers and
the feeder length is 9.6km. This 11kV system consists
commercial as well as residential loads. The Fig.4 shows GIS
map view:

Figure 4: GIS map view of sanepa feeder

2.2 System Modelling

The feeder is modelled in MATLAB/Simulink environment.
Initially, the model was developed to analyze the system
behavior before sajha charging station was integrated and the
THD in the grid was evaluated. Subsequently, a charging
station load was incorporated at the feeder and THD analysis
was performed. To mitigate the harmonic distortion
introduced due to charging station, a shunt active power filter
is designed and connected in parallel. The input voltage for
the charger is 380V AC with a tolerance of ±15%. The output
voltage varies between 200 and 750V DC while the maximum
output current is 150A DC. The charger has an output power
of 90KW. The rated frequency ranges from 45Hz to 65Hz data
which is shown in Table.1.

Table 1: Charger Specifications

Parameters Values
Input Voltage 380V±15% AC
Input Current 131A AC max

Rated Frequency 45-65 Hz
Output Voltage 200 ∼ 750V DC
Output Current 150A DC max
Output Power 90KW

Ambient Temperaure −30◦C ∼+55◦C

Table. 2 specify the electrical characteristics of the power
system. The main source voltage is 11kV. A transformer with a
rating of 11kV/0.4kV is used to step down the voltage from
11kV to 400V for load-side applications. The load-side AC
voltage is maintained at 400V which is suitable for EV charging
station. The system frequency is 50Hz. An AC inductor of
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1.5mH is included, which helps in filtering harmonics current
flow. The power electronic converters or filters in the system
operate at the switching frequency of 10kHz.

Table 2: Related parameters of feeder and filter

Feeder Parameters Values
Main source voltage 11kV

System frequency 50Hz
Transformer 11/0.4 kV

Load side voltage 400V
AC inductor 1.5mH

Switching Frequency 10KHz

3. Results and Discussion

At first, the system was tested for the condition before the
charging station was integrated. Sanepa feeder is an urban
area in which a lot of other commercial buildings and
non-linear loads are also present. The Fig.5depicts the
three-phase distorted source current for the scenario before
charging station was established. Fig.6 characterizes the total
THD for the system before sajha charging station was built
which was 9.43%.

Figure 5: Distorted source current before charging station

Figure 6: THD of system before connecting charging station

For the charging station a 11/0.4 kV transformer is used to
step-down the voltage. The source voltage waveform is shown
in Fig.7.

Figure 7: Waveform of source voltage

After connecting the charging station to the system, the
presence of power electronic converters further distorted the
current compared to original current. Fig.8 and Fig.9 shows
the waveforms for distortion of three-phase load and source
currents.

Figure 8: Waveform of load current after connecting charging
station

Figure 9: Waveform of source current after connecting
charging station
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Figure 10: FFT analysis of source current before
compensation

The source current is distorted due to the non-linearity
behavior of the charging stations which contains ac-dc
rectifier for converting the utility source voltage to dc form
and dc-dc converter to buck/boost the voltage level according
to the battery. Fig.10 depicts the Fast Fourier Transform (FFT)
analysis for the total harmonic distortion (THD) of the source
current as 31.22%, which exceeds the IEEE harmonic standard
limit. The dominant harmonics are 5th, 7th, 11th, 13th and
17th respectively.
Fig.11 describes the compensated source current of phase ’a’
after connecting the shunt active power filter. The filter
provided the compensating harmonics current equal to the
distorted current making it more sinusoidal.

Figure 11: Waveform of source current after connecting filter

The THD of the system is beyond IEEE limit and to prevent it a
shunt active power filter is connected to the point of common
coupling (PCC). Instantaneous reactive power theory control
algorithm is used to provide the reference current equal to the
harmonic current to make the source current more sinusoidal.
Fig.12 portrays Simulink model of the reference compensation
current generation (I*a, I*b and I*c) in a-b-c frame respectively.

Figure 12: Transformed reference current in abc frame

Fig.13shows the THD of the system after connecting the shunt
active power filter at the point of common coupling. It reduces
the total harmonic distortion to 1.34% from 31.22% which is
within the grid code[13] IEEE limit.

Figure 13: Source current FFT analysis after compensation

After the reduction of the total harmonic distortion of the
system, the source current becomes sinusoidal which is
illustrated in Fig.11.

4. Conclusion

There is an increasing trend of electric vehicle globally as well
as in Nepali automotive industry. In this study, a modelling of
a sanepa distribution feeder is done where there are charging
stations located. Involvement of power electronics converters
in charging topology acts as a non-linear load which actively
brings distortion in the current and voltage waveforms. The
simulation results demonstrate that integrating charging
stations in large scale significantly injects harmonics current
distorting the current waveform. On doing the fast fourier
transform analysis before compensation as shown in Fig.11
the total harmonic distortion raised to 31.22% in form of
different scale of harmonics which is very high than IEEE limit.
Shunt active power filter proposed in this paper is a viable
solution to compensate such distortion present in the system.
After the use of filter the total harmonic distortion was
reduced to 1.34%. This suggests that the use of shunt active
power filter proves to provide superior performance,
compensating for harmonics in real-time and ensuring
compliance with IEEE 519 standards.
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Future works will focus on techno-economic assessment of
SAPFs by making their control algorithms more advanced.
And as smart grids are becoming more prevalent, the
application of SAPFs in real-time harmonic mitigation and
how they can communicate with other smart grid elements to
ensure power quality shall be further explored.
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