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ABSTRACT 

 

This project proposes a method to improve the power quality of a PV micro hydro grid by 

utilizing instant PQ theory and hysteresis current control band logic. The main goal is to 

mitigate harmonics and ensure reliable utility power supply. This is achieved through the use 

of a shunt active power filter, which acts as a current source and cancels out harmonics by 

injecting equal and opposite harmonic components at the grid connection point. 

The proposed system includes a shunt active power filter with an inverter that employs the 

instantaneous PQ theory algorithm to generate reference current. The hysteresis band current 

control logic utilizes the reference current in the a-b-c frame to generate appropriate gate 

signals for the inverter, ensuring that the current drawn from the inverter tracks the reference 

currents within a specified band, thereby compensating for the non-linear load. 

The MATLAB-Simulink Toolbox is used to simulate the shunt active power filter in order to 

demonstrate its efficiency and adaptability. The simulation considers two different types of 

loads to validate the effectiveness of the proposed scheme. The simulation results are analyzed 

and evaluated. 

Overall, the project aims to design a system that can compensate for reactive power and 

harmonic current consumed by the load. By ensuring nearly sinusoidal current in proportion 

to the active power, the system aims to improve the power quality of the PV micro hydro grid.  
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CHAPTER ONE: INTRODUCTION 

 

1.1 BACKGROUND 

In context of Nepal, hydro power plants ranging from capacity of 10 kW to 100kW are 

classified as Micro Hydro Power (MHP) plant. 

As grid extension to rural areas with few populations is not economical due to high cost of 

transmission line and power loss in the line, the concept of MHP plant is very popular in Rural 

areas of Nepal for electrification. 

Generally, MHP plant is an isolated plant used in rural area where there is no power supply 

from national grid. Electronic Load Controller (ELC) is used for speed control instead to 

conventional speed governor to reduce the cost of plant. 

 

 

 

 

 

Figure 1. 1 MHP Plant and its daily load curve 
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So that: PSynchGen = PLoad   +   PELC   all the time and speed remain constant. 

 

The shaded area represents the energy wasted in the dump load. As all the energy that can be 

supplied by the MHP plant is not fully utilized, the load factor of such plant is very low. The 

load factor can be increased by encouraging rural industry during day time. If the sum of 

maximum demand of rural industry and consumers load at day time is greater than the capacity 

of existing MHP, PV plant can be added to supply extra power as shown in fig below:  

 

 
 

Figure 1.2 MHP Plant with PV source connected to consumer and non-linear load 

 

The industrial load could be inductive as well as non-linear.  

Non- linear load draws current in abrupt short pulses. These short pulses distort the current 

waveform which in turn generates Harmonics 

Harmonics create problems such as: 

a) Poor power factor  

b) Overheating of devices 

c) Low efficiency  

d) Nuisance tripping of Circuit breakers 

e) Subsequent current interruptions. 
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In a PV micro hydro grid system, the PV source alone is not be capable of handling the reactive 

power and harmonic currents produced by non-linear loads because of its PV systems typically 

have limited capability to provide reactive power support. Therefore, a synchronous generator 

is often employed in such systems to address these power quality issues. It operates in parallel 

with the PV source and works as a supplementary power source. It actively generates reactive 

power to compensate for the reactive power demand of the load. Additionally, the 

synchronous generator can help counteract the harmonic currents drawn by the non-linear 

load, ensuring a more stable and sinusoidal power supply. 

1.2 Problem Statement 

 The reactive and non-linear load in the PV-Hydro combined system affects the power 

quality of isolated plant.  

 If the load consumes significant reactive power, the synchronous generator is bound 

to generate the reactive power at the expense of reduction in active power generation 

so that VA burden does not exceeds the rating of generator’s capacity.  

 If the load draws significant number of harmonic currents, the winding of the generator 

gets overheated due to skin effect and overall power factor of the system becomes 

poor. 

 

1.3 Objective 

 To develop the simulation model of PV-Hydro isolated Micro-grid system and 

simulation model of combined reactive power and harmonic current compensator for 

the compensation of reactive power and harmonic current drawn by a non-linear load. 

  

1.4 Scope and Limitation 

 Maintain the quality of the grid. 

 Investigate potential applications of the developed system in various micro-hydro 

plants. 

 Develop an innovative PQ theory-based controller that can improve the working and 

efficiency of system. 

 Evaluate the performance through simulation results. 
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1.5 Report organization 

 This project constitutes five chapters. The first chapter covers the statement of the 

problem, objective of this project, scopes and its limitations. 

 Chapter two of the project encompasses a comprehensive literature review, focusing on 

theoretical frameworks, scholarly articles, publications from IEEE conferences or 

transactions, and notable books published by major publishers. The aim of this review 

is to gather existing information and previous research outcomes conducted by other 

researchers in the field. By examining the available literature, the project seeks to build 

upon the existing knowledge and contribute to the body of research in a meaningful 

way. 

 Chapter three of the project presents the methodology employed for the implementation 

of the PQ theory algorithm and hysteresis band control logic. The primary objective is 

to utilize these approaches for compensating reactive power and harmonic current. The 

chapter serves as a guide to understanding the practical aspects of the proposed 

approach and how it addresses the issues of compensation for reactive power and 

harmonic current. 

 Chapter four presents the simulation results as well as the discussion of the 

compensated system 

 Chapter five concludes the result. 
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CHAPTER TWO: LITERATURE REVIEW 

 

2.1 Review of papers 

 

The increased utilization of power electronics devices by end users, thanks to advancements 

in semiconductor technology, has introduced a range of challenges. These challenges include 

issues such as generation of harmonic, low power factor, system efficiency reduction, 

potential disruptions to consumers, and device overheating. The widespread adoption of 

power electronics devices has given rise to these problems, highlighting the need for effective 

solutions to mitigate their adverse effects on power systems and ensure optimal performance 

and reliability. The utilization of non-linear loads, which generate harmonics, is a significant 

factor contributing to power quality issues in distribution systems. These non-linear loads can 

introduce disturbances and fluctuations in the electrical waveform, leading to problems such 

as voltage distortion, increased losses, reduced system efficiency, and interference with 

sensitive equipment. Addressing these power quality issues is of paramount importance, as 

they have the potential to escalate and become more pronounced in the future. Recognizing 

the significance of this issue, it becomes imperative to implement effective measures to 

mitigate harmonics and ensure a high-quality power supply for various applications. To 

mitigate power quality issues, there are primarily two methods that can be employed. The first 

approach is load conditioning, which aims to make the equipment immune to harmonics and 

power disturbances, but its feasibility and practicality may vary depending on the specific 

circumstances and constraints. Power line conditioning, as an alternative solution, involves 

the installation of a line conditioning system at the point of common coupling (PCC) to 

mitigate power quality issues caused by harmonics and power disturbances when load 

conditioning is not feasible or practical. Harmonic production and problems with reactive 

power disturbance were traditionally addressed by the use of passive filters. However, they 

had significant problems such resonance issues, big size, fixed compensating features, source 

impedance effects on performance, etc., making this approach less appealing. Sasaki and 

Machida later introduced the idea of an active power filter in 1971. [1]  Shunt active power 

filters operate as current sources, injecting harmonic components generated by the load with 
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a phase shift of 180° to mitigate the effects of harmonics on the power system. By injecting 

these opposing harmonic components, the shunt active power filter effectively cancels out the 

harmonic currents, reducing or eliminating their impact on the power system. This approach 

ensures a cleaner and more stable power supply by actively compensating for the harmonics 

generated by non-linear loads. [2] 

 

Renewable energy is the key contributor of the emerging technology. Power quality aspect 

plays a significant role in grid connected system. [3]  The development and implementation 

of a SAPF specifically designed for a three-phase four-wire system with a balanced and 

undistorted supply voltage can significantly contribute to improving power quality problems 

in electrical systems. This technology enables compensation for harmonic currents, reactive 

power, and zero sequence currents, ensuring a higher level of power quality and reliability in 

the electrical system. [4] 

 

2.2 Related Theory 

2.2.1 Non-linear load 

 

If a load's impedance varies depending on the voltage applied, it is known to be non-linear. 

Even when coupled to a sinusoidal voltage, the non-linear load's current draw won't be 

sinusoidal due to the fluctuating impedance. These harmonic currents in these non-sinusoidal 

currents interact with the power distribution system's impedance to produce voltage distortion, 

which can impact both the distribution system's hardware and the loads connected to it. [5] 

 

Figure 2. 1 Current vs voltage graph for non-linear load 
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2.2.2 Active Power Filters 

Active power filters generate harmonic currents that are equal in magnitude but phase-shifted 

by 180° compared to the harmonic currents produced by the load, allowing for effective 

compensation and cancellation of harmonics. [1] One of the notable advantages of active 

filters is their inherent ability to automatically adapt to variations in the network conditions 

and load fluctuations, ensuring continuous and efficient compensation of power quality issues. 

This adaptability is crucial in maintaining effective harmonic and reactive power 

compensation in dynamic electrical systems. Unlike passive filters, which are typically 

designed to target specific harmonic frequencies, active filters can address a wide range of 

harmonic orders. Moreover, active filters exhibit minimal susceptibility to major changes in 

network characteristics, thereby mitigating the risk of resonance between the filter and 

network impedance. This characteristic enhances the overall stability and effectiveness of the 

power quality compensation process. [6]  

 

 

 
 

        Figure 2. 2  A basic scheme of SAPF 

 

The shunt active power filter functions as a current source, actively generating and injecting 

harmonic currents that are equal in magnitude but opposite in phase to the harmonic currents 

produced by the load, effectively compensating for the harmonics and improving power 

quality. 
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       Figure 2. 3  Basic scheme of series active power filter 

 

The series active filter operates as a controlled voltage source, injecting a compensating 

voltage in series with the supply voltage. By doing so, it regulates the voltage, compensates 

for voltage variations such as sags and swells, and mitigates harmonic components, resulting 

in improved power quality within the electrical system.[1] 

 

2.2.3 MPPT (Maximum Power Point Tracking) 

Maximum Power Point Tracking (MPPT) is a technique commonly used with variable power 

sources, such as solar panels, to optimize energy extraction as conditions change. The MPPT 

method involves modifying the load characteristic as the environment changes. It focuses on 

adjusting the operating conditions of the power source itself to maximize energy extraction. 

The MPPT controller monitors the voltage and current output of the solar panel and 

continuously calculates the optimal operating parameters necessary to achieve the maximum 

power output. By dynamically adjusting the operating conditions, the MPPT controller 

ensures that the solar panel operates at its peak efficiency, maximizing the power generation 

from the available sunlight. The simplicity and efficiency of the Perturb and Observe (P&O) 

method make it popular for MPPT applications. [7].  

 



 

9 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.4 Flowchart of identifying MPP 

 

Above figure shows the algorithm for MPPT system. Here D is the reference voltage for which 

power is calculated and then increased or decreased to get to MPP. The loop of the system 

continues till the MPP is tracked and continuously works to keep power output at maximum 

point. 
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2.2.4 Three Phase Voltage Source Inverter (VSI) 

 

 

 

Figure 2. 5 Three Phase VSI with L-filter 

 

A three-phase voltage source inverter (VSI) is a power electronic device that converts DC 

voltage into AC voltage with variable frequency and magnitude. It is used in applications such 

as motor drives, renewable energy systems, and grid-tied inverters. The use of IGBTs or 

MOSFETs in the VSI provides high-speed switching capability and efficient operation. These 

semiconductor devices have low conduction losses and can handle high currents, making them 

suitable for various applications. 

The output waveform of a three-phase VSI is typically a pulse-width modulated (PWM) 

waveform. PWM is a modulation technique that allows the control of the output voltage 

magnitude by adjusting the switching frequency and duty cycle of the semiconductor 

switches. The three-phase output voltage of the VSI can be either sinusoidal or non-sinusoidal 

depending on the type of modulation technique used. a three-phase VSI plays a crucial role in 

enabling the conversion of DC voltage generated by a PV array into AC voltage that can be 

fed into the grid, facilitating the utilization of solar energy for grid-connected applications. 

The VSI provides better control over the output waveform, allowing the system to operate at 

optimal levels and minimizing the impact of grid disturbances. The VSI is highly efficient and 

can handle high power levels, making it suitable for large-scale PV systems. 
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2.2.5 Instantaneous PQ THEORY 

"The Generalized Theory of the Instantaneous Reactive Power in Three-Phase Circuits" is 

commonly known as the Instantaneous P-Q theory. It is a theoretical framework that 

provides a comprehensive analysis of reactive power and power quality in three-phase 

electrical systems. The theory was developed to extend the concepts of active and reactive 

power to three-phase systems, allowing for a more accurate and detailed assessment of 

power flows and power quality issues. It is based on the concept of instantaneous power, 

which provides a more accurate representation of power characteristics. [8] 

 

 

 

Figure 2. 6 Block Diagram Showing Reference current generation using P-Q theory 

 

 

 

Figure 2. 7 Block diagram of PQ theory 
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Clarke's transformation, also known as the Clarke transformation or the αβ0 

transformation, is a technique that allows the conversion of the three-phase quantities (a-

b-c) into a two-coordinate reference frame known as the αβ frame. This transformation 

simplifies the subsequent analysis and control of the three-phase system. The αβ0 axis are 

calculated by using equations (1) and (2). 
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Load side instantaneous active and reactive power components are calculated by using αβ0 

frame as given in equation (3) 

 

       [

𝑝0

𝑝
𝑞

]   = √
2

3
 [

𝑉0 0 0
0 𝑉α 𝑉β

0 −𝑉β 𝑉α
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𝐼α
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]               -   (3) 

 

Under balanced and undistorted conditions, the α coordinate corresponds to the 'a' phase 

quantity, while the β coordinate is derived by combining the 'a', 'b', and 'c' phases. The 0 

coordinate represents the zero-sequence component, which should ideally be zero in a 

balanced system 
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The instantaneous active and reactive power components consist of both DC and AC 

components. By filtering out the low-frequency components, the high-pass filter helps to 

isolate the dynamic variations in the power signal, which are then utilized to calculate the 

reference current. 

 

   [
𝐼α

𝑟𝑒𝑓

𝐼β
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−𝑞 ]       - (5) 

 

Using the reverse Clarke’s transformation, we get 
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This is the reference current ( 𝐼𝑎, 𝐼𝑏 , 𝐼𝐶  ) to be drawn by the SAPF inverter for harmonic 

currents and reactive power compensation drawn by the non-linear load. [9] 
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2.2.6 Hysteresis Band Current Control 

The Hysteresis Band Current Control Logic is employed in shunt active power filters to 

generate gate signals for the inverter. This control strategy ensures that the inverter current 

closely follows the reference currents within a predefined hysteresis band. By maintaining the 

current within this band, the non-linear load is effectively compensated, and power quality is 

improved. 

 

 

 

Figure 2. 8 Control logic of Hysteresis Band Current Control technique  
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The controller in the system compares the instantaneous injected current (Io) from the inverter 

with the generated reference current (Iref). Based on this comparison, the controller creates 

and adjusts the hysteresis band of the current, defining the permissible range within which the 

actual current should fluctuate.  

 When the T1 is turn ON, the current (i0) builds up through inductive circuit (L0 R0), 

when it hits the upper band, T1 turns Off and T2 turns On. 

 When the T2 is turn ON, the current (i0) decays through inductive circuit (L0 R0), when 

it hits the lower band, T2 turns Off and T1 turns On and so on and accordingly PWM 

gate signal is generated for phase-a and the inverter currents tracks the Ref current. 

 Similarly, the gate signal for phase b and phase c is generated. 

 

The use of a hysteresis current controller in the control of a grid-tied VSI provides several 

advantages. Firstly, the hysteresis current controller ensures that the output current of the VSI 

follows the reference current closely, minimizing the impact of grid disturbances and ensuring 

the stability of the grid. Secondly, the hysteresis current controller provides fast response 

times, allowing the system to respond quickly to changes in the output current. Finally, the 

hysteresis current controller is a simple and robust method of control, requiring minimal 

computational resources and offering high reliability [10] 
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CHAPTER THREE: METHODOLOGY 

 

3.1 Proposed Scheme 

 

 
 

Figure 3. 1 Proposed scheme 

 

 

 

Figure 3. 2 Schematic diagram shunt active power filter based on instantaneous P-Q theory 
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The inverter employed in the SAPF is regulated to inject current into the AC bus, 

compensating for the harmonic current and reactive power consumed by the non-linear load. 

The PQ algorithm allows for the selection of the power to be compensated, and from this, the 

reference current is derived. The reference current, obtained from the previous steps, is input 

to the closed-loop hysteresis band controller, which serves as a current controller. The 

controller compares the reference current with the actual current provided by the filter and 

generates the appropriate gate signal for the inverter circuit based on this comparison. This 

gate signal controls the switching of the semiconductor devices in the inverter, enabling it to 

generate the desired current to compensate for the harmonics and reactive power of the non-

linear load. By continuously monitoring the current and adjusting the gate signals, the 

controller ensures that the inverter provides the necessary compensation to keep the current 

within the desired range, effectively mitigating the effects of harmonics and reactive power 

caused by the non-linear load. Two dc link capacitors act as the energy storing device and, 

gets charged and discharged during one cycle of load current. 

 

3.2 Overview 

The overall methodologies of the project are mentioned below: 

Step-1: Study of literature and basic theories related to project topics 

Step-2: Problem identification 

Step-3: Non-linear load simulation modeling. 

Step-4: Grid connected PV- system Simulation modeling  

Step-5:  Micro-hydro plant Simulation modeling  

Step 6:  Electronic load Controller Simulation modeling  

Step 7: Run the PV and Micro-Hydro in parallel with local household and industrial load 

Step-8: Calculation of Iref using instantaneous PQ theory  

Step-9:  Use of hysteresis band control logic  

Step-10: Development of a simulation model of a grid connected PV-system with shunt 

active power filter.  
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3.3 Simulation Tool 

For modeling of our PV system and simulation is done in MATLAB/SIMULINK (2021a). 

MATLAB is a proprietary programming language and computational environment that is 

widely used for engineering and scientific applications. It is a high-level language that has 

evolved over time to become a powerful and versatile tool. MATLAB is particularly well-

suited for specialized engineering and scientific tasks, offering a range of features. In recent 

years, MATLAB has made significant advancements in its graphics capabilities, particularly 

in the realm of object-oriented graphics. This has allowed users to create visually appealing 

and interactive Graphical User Interfaces (GUIs) for their applications. [11].  

On top of MATLAB, Simulink is constructed. Simulink provides an interactive and user-

friendly environment for modeling and simulating dynamic systems. It offers the convenience 

of graphical block diagram modeling, real-time visualization of simulation results, and the 

ability to customize and expand the simulation environment to meet specific application 

needs.. [12]. The seamless integration between Simulink and MATLAB allows for efficient 

model development, simulation, and analysis, making it an ideal tool for engineers and 

scientists working on various engineering and scientific applications. 

 

3.4 Development of nonlinear load  

 

Figure 3.3 Non-Linear Load System 

 

This model is inside the subsystem Non-Linear load of figure 4.1. In this system we have 

use three phase source, voltage measurement block and a subsystem non-linear load. 

The subsystem is explained below. 
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3.5 Inside Nonlinear load subsystem 

 

Figure 3.4 Non-Linear Load Subsystem 

This is the subsystem of non-linear load. This system contains a rectifier circuit which acts as 

a non-linear load by consuming non-sinusoidal current. Here we have used diodes as our 

circuit elements, resistor of 10 ohms and capacitance value of 5000 microfarad. 

 

3.6 Development of Grid Connected PV with MPPT 

 

 

Figure 3.5 PV with Perturbation and Observation based MPPT Algorithm 

This circuit is the demonstration of PV with MPPT. This circuit contains PV panel with 

boost converter which is to be fed to inverter circuit. 
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3.7 PV MPPT subsystem 

 

Figure 3.6 MPPT Subsystem 

 

This subsystem helps to track the MPP of the PV. The MPPT is performed by the Perturbation 

and Observation algorithm. The PV system measures the voltage and current from the PV 

source, which are then input to the MPPT function block. The MPPT function block tracks 

the optimal operating point of the PV system and generates the appropriate reference voltage 

(Vref). Once Vref is determined, it is compared with the actual voltage (V) and a signal is 

generated, The PWM signal is utilized to control the gate switch of the Buck-Boost Converter. 

The converter ensures that the DC link capacitor maintains the voltage at Vref, thus enabling 

the maximum power to be tracked and extracted from the PV source. By regulating the voltage 

through the converter, the system can operate at the point where maximum power is achieved, 

maximizing the efficiency and output of the PV system. 
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3.8 PV Inverter Hysteresis Control subsystem 

 

Figure 3.7 Inverter hysteresis control logic 

 

The direct relationship between the voltage across the DC link capacitor (Vdcc) and the active 

power flow in the system can be observed. The voltage across the capacitor increases 

proportionally with an increase in active power, and conversely, it decreases when the active 

power decreases. This interdependency enables efficient control and regulation of power flow 

within the system, ensuring optimal performance and stability. The voltage across the 

capacitor, along with the reference voltage (Vref), undergoes a comparison process, and the 

resulting error is then fed into a PI controller. The output corresponds to the direct current (Id) 

within the dq0 frame. The grid voltage (Vg) undergoes processing through a Phase Lock Loop 

block to extract the angular frequency (ωt) of the grid. The extracted angular frequency is 

subsequently employed to convert the Id value from the dq0 frame to the abc frame. The 

current in the abc frame acts as a reference for the current generated by the inverter. By 

comparing the reference current (Iref) with the current in the abc frame (Iabc), the system 

calculates and determines the error between the two. The error is subsequently employed to 

generate PWM gate pulses, which regulate the switching of the inverter. This control 

mechanism ensures that the actual current aligns with the desired reference current. The 

closed-loop control mechanism plays a crucial role in achieving accurate and precise current 

regulation within the system.It ensures that the system operates optimally, maintaining the 

desired current levels and enabling precise control. 
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3.9 Development of Micro Hydro Plant 

 

Figure 3. 8 Simulation model of micro-hydro plant 

 

This is the Simulink model of Micro Hydro Plant with Synchronous generator and 

Electronic Load Controller. 

  

3.10 Development of Discrete Resistance ELC 

 

 

Figure 3. 9 Simulation model of Electronic Load Controller 

 

This is the Simulink model of Electronic Load Controller based on discrete resistance 

mechanism. By activating the dump load in response to speed deviations, the ELC ensures 

that the rotor speed remains close to the desired value, or 1pu (per unit). This control 

mechanism helps stabilize and maintain the operation of the system within the desired speed 

range. The Simulink model provides a visual representation of the ELC control system, 

allowing for simulation and analysis of its performance under different conditions. 
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3.11 Development of Shunt Active Power Filter model 

 

 
 

Figure 3.10 Shunt Active Power Filter model 

 

This is the model of our shunt active power filter which consists of the following components 

and operations. The SAPF generates the three-phase current output, Ifabc, through the 

inverter. The DC link capacitor provides the DC source for the inverter operation. The voltage 

and current measurements, Vabc and Iabc, are taken from the PV-Micro grid and fed into the 

system. These measurements are then transformed from the abc (phase) coordinates to the αβ0 

coordinates using The PQ theory is applied to calculate the instantaneous active and reactive 

power based on the transformed voltage and current signals. This information is used for 

further control and compensation purposes. The DC link voltage is compared to the reference 

voltage, and the internal losses in the compensator are determined. This information helps in 

optimizing the overall performance and efficiency of the system. The instantaneous power is 

passed through a high pass filter to extract the power losses (Ploss), as well as the voltage 

components Vα and Vβ. These values are utilized to calculate the reference current in the αβ 

frame. The inverse Clarke transformation is applied to convert the reference current from the 

αβ frame back to the abc frame. The inverter generates the necessary current to compensate 

for the harmonics and reactive power caused by the nonlinear load. This helps in improving 

the overall power quality and reducing disturbances in the system.  
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3.12 Overall model 

 

 
 

 

Figure 3.11 Overall model 

 

 

The complete model integrates a micro hydro power plant (MHP), a photovoltaic (PV) plant, 

a shunt active power filter (SAPF), and a nonlinear load. The SAPF is interconnected with the 

MHP and PV systems in parallel to address the impact of the nonlinear load. By utilizing the 

model, it becomes possible to monitor and assess the behavior of load current, source current, 

and compensator current in two different scenarios: with the presence of the SAPF and in its 

absence. This allows for a comprehensive analysis of the SAPF's effectiveness in improving 

the system's performance and mitigating the impact of the nonlinear load. 
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CHAPTER FOUR: RESULT AND DISCUSSION 

 

4.1 Nonlinear Waveform Current Output 

 

 

 

Figure 4. 1 Voltage and Current Waveform of Non-Linear Load 

We can observe the distortion in the waveform of non- linear load in comparison to a 

sinusoidal input. 

 

4.2 PV Array Characteristic Curve 

 

 
 

Figure 4. 2 I-V and P-V characteristics of PV system at different irradiance level 

 

This is the characteristic curve of the PV module that we selected. From the above curve we 

can conclude that the maximum power point lies when Voltage is 638V at 1000 Irradiance. 
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4.3 PV System Output Waveforms model 

 

 

Figure 4. 3 PV system output waveforms 

The waveform shows the output of the PV system module. The waveform is between irradiance 

and time, voltage and time, and power and time. 

 

4.4 Output waveforms of MHP model 

  

 

 

Figure 4. 4 Output voltage waveform of MHP 

 

According to our model the MHP was successfully able to generate 1pu voltage at 

varying load conditions. 
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Figure 4. 5 Output power waveform of MHP 

 

The power generated by the MHP is observed to be approximately 50kw. 

 

 

Figure 4. 6 Output waveform of rotor speed of MHP 

 

Here, we can observe that the fluctuation in load doesn’t affect the rotor speed due to the 

excess power being dumped in the ELC. In this way the speed control of the MHP was 

preformed successfully. 
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4.5 DC link Capacitor Voltage 

 

 

 

Figure 4. 7 DC link capacitor voltage 

 

The DC link capacitor voltage with respect to time is plotted in above figure. The PI controller 

is successfully tuned to get a constant DC voltage. 

 

4.6 Output waveforms of Overall model Without SAPF 

 

 
 

Figure 4. 8 Output waveforms of Overall model Without SAPF 

As we can see form the above waveform, the source current supplied by the MHP and PV 

plant is nonlinear. This can hamper the windings of the generator, as well as the inverter of 

the PV plant. It can also cause heating to transformers and switchgears.  
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4.7 Output waveforms of Overall model with SAPF 

 

 
 

 
 

Figure 4. 9 Output waveforms of Overall model with SAPF 

 

By connecting the SAPF we observed the load current, current from SAPF and source current. 

The result is shown respectively in the above figure. The source provides exclusively 

sinusoidal current, while the inverter of the SAPF supplies the nonlinear component of the 

load current. 
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4.8 THD Analysis of Source Current Without SAPF 

 

 
 

Figure 4. 10 THD Analysis of Source Current Without SAPF 

 

As depicted in the preceding figure, the Total Harmonic Distortion (THD) of the source 

current, in the absence of the SAPF, measures approximately 7%. By increasing the nonlinear 

property of the load, it can be varied and can be more in practical load. 

4.9 THD Analysis of Source Current With SAPF 

 

 
 

Figure 4. 11 THD Analysis of Source Current With SAPF 

 

The utilization of SAPF results in a reduction of the Total Harmonic Distortion (THD) of the 

source current, bringing it down to approximately 2.96%. When load with higher nonlinear 

property is used the SAPF also works properly reducing THD accordingly.  
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CHAPTER FIVE 

 

CONCLUSION 
 

The study focuses on addressing the challenges associated with reactive power and harmonic 

current in a PV micro hydro grid using a SAPF and hysteresis band current control logic. In 

order to assess the reliability and adaptability of the proposed method, two different types of 

loads are taken into consideration. By considering multiple load scenarios, the performance 

and effectiveness of the system can be evaluated across various operating conditions. This 

approach provides a comprehensive analysis of the proposed method's applicability and 

robustness in handling different load characteristics. 

The total harmonic distortion (THD) of the source current is observed to decrease from 

approximately 7% to 2.96% when the SAPF is employed. The Total Harmonic Distortion 

(THD) of the source current is significantly reduced, resulting in a cleaner and more stable 

power supply.  

These findings highlight the significant reduction in harmonic content achieved by the shunt 

active power filter. The simulation validates the capability of the SAPF to effectively 

compensate for harmonic distortions, thereby improving the overall power quality of the 

system. 
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APPENDIX 

APPENDIX A: Perturbation and Observation Algorithm 

             

  

 

Figure 4. 1 Perturbation and Observation Flowchart 
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APPENDIX B: MATLAB function code for MPPT 

 

function Vref = refgen(V,I,deltaVref) 

Vrefmax = 800; 

Vrefmin = 0; 

Vrefinit = 500; 

  

persistent Vold Vrefold Pold; 

  

if isempty (Vold) 

    Vold = 0; 

    Pold = 0; 

    Vrefold = Vrefinit;   

end 

  

P = V*I; 

dV = V - Vold; 

dP = P - Pold; 

  

if dP ~= 0 

    if dP < 0 

        if dV < 0 

            Vref = Vrefold + deltaVref; 

        else 

            Vref = Vrefold - deltaVref; 

        end 

    else 

        if dV < 0 

            Vref = Vrefold - deltaVref; 

        else 

            Vref = Vrefold + deltaVref; 

        end 

    end 

else 

    Vref = Vrefold; 

end 

if Vref >= Vrefmax || Vref < Vrefmin 

    Vref = Vrefold; 

end 

     

Vrefold = Vref; 

Vold = V; 

Pold = P; 

end 
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