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Abstract  

 

The study focuses on the design of an efficient standalone hybrid system that integrates photovoltaic (PV), 

wind, and fuel cell technologies. The aim is to optimize the system's performance while taking into account 

partial shading conditions that often affect PV panels. Additionally, the study aims to enhance the system's 

transient stability, ensuring its reliable operation under varying conditions. By considering these factors and 

utilizing a combination of renewable energy sources, the proposed hybrid system aims to achieve high energy 

efficiency and sustainability in off-grid or remote power applications. This abstract presents the design of an 

efficient standalone hybrid system that integrates photovoltaic (PV), wind, and fuel cell technologies. The focus 

is on addressing the challenges posed by partial shading conditions in PV modules and enhancing transient 

stability. The proposed system aims to maximize energy generation by utilizing multiple renewable energy 

sources while minimizing the impact of shading on PV performance. Additionally, strategies for improving 

transient stability within the hybrid system are investigated. The study highlights the importance of optimizing 

the integration of various technologies to enhance overall system efficiency and reliability, paving the way for 

sustainable and resilient energy solutions. 
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1. Introduction 

 

In recent years, the growing demand for clean and sustainable energy sources has driven significant 

advancements in renewable energy technologies. Photovoltaic (PV) systems, wind turbines, and fuel cells have 

emerged as prominent contributors to the generation of electricity from renewable sources. These technologies 

offer unique advantages in terms of environmental friendliness, abundance, and potential for decentralized 

power generation. However, each technology also has its limitations and challenges that need to be addressed to 

maximize their efficiency and reliability.  One significant challenge faced by PV systems is the issue of partial 

shading. Partial shading occurs when certain areas of a PV module or array are shaded while other areas receive 

direct sunlight. This shading can result from factors such as buildings, trees, or even cloud cover. Partial shading 

causes significant power losses, as shaded cells operate at lower efficiencies, leading to reduced overall system 

performance. Therefore, addressing partial shading conditions is crucial to improve the efficiency and power 

output of PV systems [1]. 

 

In addition to the challenge of partial shading, transient stability is another imp. Criteria that could be considered 

in hybrid renewable energy systems. Transient stability will be referring to the power of the system for 

maintaining a stable operations during and after disturbances, such as sudden changes in load demand or the loss 

of a generator. Maintaining stable and reliable operation is crucial to ensure the uninterrupted supply of 

electricity to consumers. Therefore, enhancing transient stability in hybrid systems is essential to guarantee 

reliable power delivery. To tackle these challenges and achieve an efficient standalone hybrid system, this study 

focuses on the integration of PV, wind, and fuel cell technologies while considering partial shading conditions in 

PV and enhancing transient stability. The objective is to design a hybrid system that maximizes energy 
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generation by utilizing the complementary characteristics of these renewable energy sources while minimizing 

the impact of shading on PV performance. Furthermore, strategies for improving transient stability within the 

hybrid system are investigated to ensure reliable and continuous power supply [2]. 

 

The integration of PV, wind, and fuel cell technologies in a hybrid system offers numerous advantages. PV 

systems harness solar energy, while wind turbines capture the kinetic energy of the wind, and fuel cells convert 

chemical energy into electricity. By combining these technologies, the hybrid system can take advantage of 

multiple energy sources, diversifying the energy supply and enhancing system reliability. The hybrid system can 

also provide a continuous power supply, even during periods of low sunlight or low wind speeds.  Moreover, the 

integration of these technologies allows for better utilization of available resources. For instance, excess 

electricity generated by PV panels during peak sunlight hours can be stored in batteries or used to produce 

hydrogen through electrolysis, which can then be utilized by fuel cells during periods of low solar radiation. 

This approach optimizes energy utilization and ensures a stable power supply throughout varying weather 

conditions and load demands [3]. 

 

This research aims to develop a comprehensive design methodology for an efficient standalone hybrid system 

that incorporates PV, wind, and fuel cell technologies. The design process will take into account the partial 

shading conditions in PV modules and focus on enhancing transient stability. The methodology will involve 

analyzing and optimizing the hybrid system configuration, power management strategies, and control algorithms 

to maximize energy generation, improve system efficiency, and ensure stable operation.  In conclusion, the 

integration of PV, wind, and fuel cell technologies in a standalone hybrid system presents a promising solution 

for sustainable and reliable electricity generation. By addressing the challenges of partial shading in PV and 

enhancing transient stability, the hybrid system can achieve improved efficiency, increased power output, and 

enhanced system reliability. The subsequent sections of this study will delve into the methodologies, models, 

simulations, and analyses used to design and optimize the efficient standalone hybrid system, considering the 

aforementioned factors [4]. 

 

2. Literature Survey 

 

A no. of authors had researched upon the proposed research topics. Here it is following a exhaustive summary of 

the works done by various authors till date. Designing an efficient standalone hybrid system that incorporates 

photovoltaic (PV), wind, and fuel cell technologies while considering partial shading conditions in PV and 

enhancing transient stability requires a comprehensive understanding of the relevant research and advancements 

in the field. In this literature survey, we explore key studies and approaches that have contributed to the 

development of hybrid renewable energy systems, with a particular focus on addressing partial shading 

conditions and improving transient stability [5]. 

 

Partial shading in PV systems has been widely recognized as a significant challenge that affects system 

performance and efficiency. Researchers have proposed various solutions to mitigate the adverse effects of 

shading. Zhang et.al. (2017) presented a novel approach based on intelligent control algorithms to reconfigure 

the electrical connections of PV modules in response to shading conditions. Their study demonstrated 

significant improvements in power output under partial shading conditions. Similarly, Huang et.al. (2019) 

developed an optimization algorithm that dynamically adjusts the configuration of the PV array based on 

shading patterns, thereby reducing power losses and improving overall system efficiency [6]. 

 

To enhance transient stability in hybrid systems, researchers have explored different control strategies and 

energy management techniques. Meng et.al. (2018) proposed a coordinated controlled strategies for the hybrid 

PV wind fuel cells systems, integrating proportional & integral (P-I) control & the FLCs to regulate powers flow 

and maintain system stability. Their study demonstrated effective transient stability enhancement and improved 

overall system performance. Furthermore, Wang et al. (2020) proposed a hierarchical control strategy that 

incorporates model predictive control (MPC) for optimal power sharing and voltage regulation in a hybrid PV-

wind-fuel cell system. The results showed improved transient stability and efficient utilization of available 

energy sources [7]. 

 

Optimization algorithms have also been utilized to design efficient standalone hybrid systems. Genetic 

algorithms (GA) have been widely applied to optimize the sizing and configuration of hybrid systems. Weng 

et.al. (2016) used a GA-dependent method to optimize the capacity and configuration of PV, wind, and fuel cell 

systems considering load demand and environmental factors. The study demonstrated that the optimized hybrid 

system achieved higher efficiency and cost-effectiveness compared to individual standalone systems. Similarly, 
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Yoon et al. (2018) employed a GA-based optimization technique to determine the optimal sizing and operating 

strategies of PV, wind, and fuel cell systems in a microgrid. The results indicated improved system performance 

and reduced overall costs [8]. 

 

Furthermore, advancements in energy storage technologies have played a crucial role in enhancing the 

performance and stability of hybrid systems. Li et.al. (2019) investigated the integration of energy storage 

systems, such as batteries and supercapacitors, into PV-wind-fuel cell hybrid systems to mitigate power 

fluctuations caused by transient events. Their study showed that energy storage systems effectively improved 

system stability and power quality, enabling a reliable and continuous power supply [9]. 

 

In summary, the literature survey reveals that designing an efficient standalone hybrid system that incorporates 

PV, wind, and fuel cell technologies while considering partial shading conditions in PV and enhancing transient 

stability has garnered significant attention from researchers. Various approaches, including intelligent control 

algorithms, optimization techniques, and energy storage integration, have been explored to address these 

challenges. These studies collectively emphasize the importance of system optimization, control strategies, & 

energies managements techniques for maximize energies generation, improved system efficiencies & ensure 

stable operation in hybrid systems. The subsequent sections of this study will build upon the existing research 

by proposing a comprehensive design methodology that considers the unique challenges of partial shading 

conditions and transient stability. The methodology will encompass system configuration, optimization 

algorithms, power management strategies, and control techniques to achieve an efficient and reliable standalone 

hybrid system [10]. 

 

3. Mathematical model development 

 

Developing a comprehensive mathematical model for designing an efficient standalone hybrid system 

incorporating PV, wind, and fuel cell technologies, while considering partial shading conditions in PV and 

enhancing transient stability, involves integrating the individual models of each renewable energy source and 

accounting for the impact of shading and transient stability. Here, we present a general framework for the 

mathematical modeling of such a hybrid system. For the development of the transient stability mathematical 

model for an efficient standalone hybrid system that incorporates PV, wind, and fuel cell technologies, while 

considering partial shading conditions in PV, involves integrating the dynamical response of the system’s 

components to disturbance. Here, we present a general framework for the transient stability modeling of such a 

hybrid system [11]. 

 

3.1 Photovoltaic (PV) Model  

 

The PV model describes the power generation characteristics of the PV array, considering the effect of shading. 

The commonly used model for PV systems is the single-diode model, which accounts for various electrical and 

environmental factors. The equation for the PV array power output can be expressed as [12] 

𝑃𝑝𝑣 =  𝑁𝑠 ∗  𝐼𝑝𝑣 ∗  𝑉𝑝𝑣 −  𝑁𝑠 ∗  𝐼0 ∗  [exp {
(𝑉𝑝𝑣 +  𝐼𝑝𝑣 ∗  𝑅𝑠)

(𝑁𝑠 ∗  𝑉𝑡)
} − 1] −  𝐼𝑝𝑣 ∗  𝑅𝑠 

 

where Ppv is the PV array power output, Ns is the number of series type of connected P-V module, Ipv is the o/p 

currents, Vpv is the o/p voltages, I0 is the reversed saturation’s currents, Rs is the series type of resistance, and Vt 

is the thermal voltage. To consider the impact of shading, the PV model should incorporate shading parameters 

such as shading factor, shading pattern, and the number of shaded cells. The shading factor accounts for the 

reduction in power output due to shading [13]. 

 

3.2 Wind’s Turbines Models 

 

Model of the wind based turbine model represents the power generation characteristics of the wind turbines. The 

power o/p of a wind turbines is typically modeled utilizing the power coefficient (Cp) curve, which relates the 

wind speed and the generated power. The equation for the wind turbine power output can be expressed as [14] 

 

𝑃𝑤𝑖𝑛𝑑 = 0.5 ∗  𝜌 ∗ 𝐴 ∗ 𝐶𝑝 ∗  𝑉𝑤𝑖𝑛𝑑
3  

 

where Pwind is the wind turbine power output, ρ is the air’s density, A will be rotor’s sweptal areas, Cp is the 

power’s coefficients & Vwind will be the wind speed. The wind turbine model should consider the variations in 

wind speed and the interaction between multiple wind turbines in a hybrid system [15]. 
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3.3 Fuel Cell Model 

 

The fuel cells model represents the electrical characteristics of the fuel cells system. The fuels cells powered 

output could be modeled based on its voltage-current relationship. The equation for the fuel cells powers outputs 

could be expressed by the mathematical model with  [16] 

 

𝑃𝑓𝑐 =  𝑉𝑓𝑐 ∗  𝐼𝑓𝑐  

 

where Pfc is the fuels cells powers outputs, Vfc is the fuels cells voltages & Ifc is the fuels cell’s current. The fuel 

cell’s model should consider the factors affecting the fuel cell performance, i.e., the fuel utilizations, operating 

temperatures & pressures [17]. 

 

3.4 Transient Stability Model 

 

To enhance transient stability, the mathematical model should include the dynamic response of the hybrid 

system to sudden changes in load demand or disturbances. This can be achieved by incorporating the differential 

equations that describe the electrical and mechanical dynamics of the system components, such as the PV 

inverter, wind turbine generator, and fuel cell system. The dynamic models should account for the control 

strategies, power management algorithms, and the interaction between different energy sources [18]. 

 

3.5 Optimization Model 

 

In addition to the individual component models, an optimization model should be developed for determining the 

optimal’s sizing, configurations, and operating strategies of the hybrid systems. This model should consider the 

objectives of maximizing energy generation, improving system efficiency, and ensuring stable operation under 

various conditions. Optimization algorithms, such as genetic algorithms, particle swarm optimization, or mixed-

integer linear programming, can be used to solve the optimization problem. By integrating these mathematical 

models, the overall model for the efficient standalone hybrid system can be developed. The model should 

consider the interactions between PV, wind, and fuel cell systems, the impact of partial shading conditions, and 

the enhancement of transient stability. Through simulation and analysis using this comprehensive model, it is 

possible to optimize the hybrid system design, improve performance, and achieve reliable and efficient 

operation [19]. 

 

3.6 Dynamic Model of PV System 

 

The dynamic behavior of the PV system primarily lies in the control of the power electronic converter, such as 

the maximum power point tracking (MPPT) algorithm and the voltage regulation scheme. The dynamic model 

of the PV system can be represented by differential equations that describe the electrical dynamics of the PV 

modules and the control loops. The model should account for the variations in irradiance and temperature 

conditions [20] . 

 

3.7 Dynamic Model of Wind Turbine System 

 

The dynamic response of the wind turbine system is mainly related to the control of the turbine rotor speed and 

the power electronics interface. The dynamic model of the wind turbine system includes the differential 

equations that describe the mechanical and electrical dynamics of the turbine and the control loops. The model 

should consider the variations in wind speed and the interaction with the power grid [21]. 

 

3.8 Dynamic Model of Fuel Cell System 

 

The dynamic behavior of the fuel cell system is determined by the control strategies and the response of the fuel 

cell stack. The dynamic model of the fuel cell system includes the differential equations that describe the 

electrical and chemical dynamics of the fuel cell stack and the control loops. The model should consider the 

variations in fuel supply, operating temperature, and pressure [22]. 
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3.9 Dynamic Model of Power Electronics Interfaces 

 

The power electronics interfaces, such as the inverters and converters, play a crucial role in the integration of 

different energy sources. The dynamic models of these interfaces should capture the control schemes, including 

the current and voltage control loops, and their interactions with the hybrid system [23]. 

 

3.10 Dynamic Model of Energy Storage Systems 

 

If energy storage systems, such as batteries or supercapacitors, are included in the hybrid system, their dynamic 

behavior should be incorporated into the transient stability model. This includes the modeling of the energy 

storage devices, their charge-discharge characteristics, and control strategies for power flow regulation [24]. 

 

3.11 Dynamic Model of Grid Interaction 

 

The dynamic response of the hybrid system to disturbances should consider the interaction with the power grid. 

This includes modeling the grid interface, the grid voltage regulation, and the control mechanisms for grid 

synchronization [25]. 

 

By integrating these dynamic models and the relevant control schemes, the overall transient stability model for 

the efficient standalone hybrid system can be developed. The model should capture the interactions between PV, 

wind, and fuel cell systems, the impact of partial shading conditions, and the responses to disturbances. Through 

simulation and analysis using this comprehensive transient stability model, it is possible to assess the system's 

dynamic behavior, optimize control strategies, and ensure reliable and stable operation during and after transient 

events [1]-[5]. 

 

4. Development of the simulink model to improve the PQ in PE circuit with one pair IGBT 

 

This section introduces a method for reducing harmonic components in voltage sourced circuits by utilizing 

IGBTs and diodes with the PWM technique. The goal is to enhance power quality using a single pair of IGBTs. 

A Simulink model is created to represent the designed circuitry, enabling the reduction of power quality issues. 

The simulations are conducted in the Matlab-Simulink environment, yielding valuable results. These simulation 

outcomes demonstrate the effectiveness of the proposed method in suppressing harmonics in power electronics-

based systems and ultimately improving power quality. As a future direction, the approach can be expanded to 

include 2-level and 3-level inverters, offering enhanced versions of the technique [6]-[10]. 

 

5. Background Survey  
 

Our modern society heavily relies on the constant availability of electrical power. Commercial power plays a 

vital role in enabling the fast-paced functioning of today's world. With the advent of e-commerce, it continues to 

reshape our interactions with the rest of the world. Electrical energy is essential for the overall progress and 

development of any nation. To ensure its optimal utilization, high-quality power supply is necessary. However, 

the reliability of power supply and its ability to adapt to variations are crucial factors that need to be understood. 

 

Unlike other products, electricity is generated far from the point of consumption and is delivered to the 

system through multiple generators, transformers, and kilometers of overhead or underground cables. In cases 

where the electrical industry has been privatized, different organizations or companies may own, manage, and 

maintain these network assets. Ensuring the quality of power delivered at the point of consumption is a complex 

task, and substandard power cannot be withdrawn from the supply chain or rejected by end-users. 

 

Electrical energy is a key element for the industrial and overall development of any nation. Without 

electricity, the world would be in darkness, and the economy of a country would suffer greatly, as every device 

and system relies on electricity. The ideal utilization of this type of energy can only be achieved through a 

reliable and uninterrupted power supply. Similar to the reliability aspect, the ability of the power supply to adapt 

to variations is also crucial. 

 

Harmonic spikes in the electrical distribution networks have various adverse effects. These effects can be 

categorized into short-term and long-term consequences. Short-term effects are noticeable and are associated 

with excessive overvoltage distortion, while long-term effects often go unnoticed and are linked to increased 
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resistive loss, voltage stress, and adverse interaction with power system equipment such as capacitors, 

transformers, motors, and generators, resulting in additional losses, overheating, and overloading. 

 

The presence of harmonic currents can also cause interference with telephone and communication cables. In 

order to mitigate the negative impacts of harmonic surges on power quality (PQ), standards have been 

established to define reasonable control measures for harmonics. These standards aim to ensure acceptable 

steady-state harmonic limits for both electric utilities and their customers. 

 

Two approaches, namely passive and active filtering, can be employed to suppress harmonic distortion in 

power distribution systems. Passive filters are the simplest traditional solution to mitigate harmonics, but their 

response may not always align accurately with the dynamics of the electrical transmission system. Over time, 

these passive filters have become increasingly sophisticated, some even tuned to bypass specific harmonic 

frequencies. 

 

Harmonics are frequency components that appear on the peak level of the normal sine wave voltage and 

current. The distortion caused by harmonics is primarily due to the significant increase in non-linear loads 

resulting from technological advancements, such as the use of power electronic circuits and devices in AC/DC 

transmission links or power system control with power electronic or microchip controllers. Harmonic sources 

can be classified into three types: household loads, industrial loads, and controlling devices. 

 

Any power distribution circuit serving modern electronic devices will have some level of harmonic 

frequencies. While small levels of voltage and current distortion may not cause issues, higher power drawn by 

advanced devices or other non-linear loads leads to increased voltage distortion. Problems related to harmonic 

generation include equipment malfunctioning, tripping of breakers, fluctuating lights, large neutral conductors, 

overheating of phase conductors and transformers, sudden failure of UPS and transformers, reduced power 

factor, voltage and current surges, and decreased system capacity. 

 

To prevent harmonics, it is essential to select devices and implement good installation practices that 

effectively reduce overall harmonic content in devices, circuits, equipment, or parts of the network. If the issues 

cannot be resolved by these measures, there are two main options: reinforcing the distribution system to 

withstand voltage or current surges or installing devices to limit or remove harmonics. Methods for reducing 

voltage or current surges range from passive harmonic filters, isolation transformers, harmonic-mitigating 

transformers, and Harmonic Suppression Networks (HSN) to active filtering mechanisms. 

 

The impact of harmonics on the system's voltage and current is typically assessed in terms of Total Harmonic 

Distortion (THD), high-level harmonics, and low-level harmonic content. In general, industrial applications 

require voltage and current loads to be free from harmonics or have harmonics at a level below 5%. Numerous 

methodologies have been developed to reduce THD, and there are various engineering solutions available to 

mitigate the impact of supply quality issues. It is a dynamic field of development and improvement, and users 

should be aware of the range of solutions, their merits, and costs. Important methods to minimize voltage and 

current disturbances include passive and active filters, isolation transformers, surge reducing transformers, and 

surge suppression systems. 

 

6. Review of one Stage level Inverters 

 

In this section, we explore the design of single-phase circuits, specifically inverters, with the aim of minimizing 

harmonic content. We investigate the reduction of harmonics through the implementation of single-stage, 

double-stage, and triple-stage half bridge-full bridge inverters, focusing on the effect of load switching. 

However, for the purpose of this context, we utilize a single-phase inverter, which corresponds to a single stage 

only. To construct the multi-stage models, we employ IGBTs and diode blocks. IGBTs are powerful switching 

devices capable of achieving full harmonic suppression and generating smooth, harmonics-free output. By 

incorporating an appropriate filter at the inverter's output, we can observe waveform improvements free from 

harmonics. 

 

Furthermore, FFT analysis can be conducted using the FFT commands and the 'powergui' tools available in the 

Matlab-Simulink window. The design exclusively employs a single pair of IGBTs in one stage. The voltage 

source converter is built using IGBTs and diodes, controlled in an open-loop fashion through a discrete PWM 

generator. It is worth noting that IGBTs are modified versions of gate turn-off switches (GTOs) or Metal Oxide 

Silicon Field Effect Transistors (MOSFETs). In this specific context, we disregard the forward voltages of the 
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models as they do not play a significant role. The harmonic elimination system focuses solely on 1-phase 

models, with a single half bridge (single stage). Finally, the performance criteria are evaluated within the 

context of the single-phase configuration. 

 

7. Simulink model developments 
 

The Simulink model is created using a combination of blocks, including thyristor bridges, DC sources, 

transformers, inductive loads, gain blocks, multiplexers, FWDs, scopes, sinks, output sources, comparators, 

pulse generators, and connectors. These blocks are readily available in the Simulink modeling library and are 

depicted in Figure 1. Once the circuit design is finalized, all the necessary blocks are pulled from the Simulink 

library into the model and assembled, resulting in a *.mdl file. Additionally, various toolboxes such as the 

Control System Toolbox, SimPowerSystems Toolbox, and Signal Processing Toolboxes, accessible in the 

Simulink library, are utilized. Scopes are connected at both input and output points to observe the different 

waveforms. It should be noted that each leg of the inverter comprises a pair of IGBTs. In our design, the 

harmonic filters are connected in parallel, which is a well-known technique for achieving excellent harmonic 

reduction in the output voltage. In the provided Simulink model, the single-phase circuit employs the same DC 

voltage (Vdc = 100V), carrier frequency (1 kHz), and modulation index (m = 0.9) to enhance power quality. 

Different parameters must be set within the respective blocks during the development of the Simulink model. 

Scopes are appropriately connected to relevant points to visualize the voltage and current waveforms. 

 
Fig. 1 : Simulink models for the 1-stage harmonic reduction systems 

 

 

The output signals can be observed in the scope connected to stage-1, revealing a significant improvement in 

harmonic suppression. To achieve harmonic suppression and generate smooth output waveforms, an RLC filter 

stage is specifically designed to counteract the harmonic signals produced by the inverter during its operation. 

This design aims to enhance power quality. Additionally, the outputs are analyzed for RL, LC, R, and L type 

filters at the load's output. The modeling design focuses on a single stage, specifically utilizing a single-phase 

half bridge inverter with one pair. 

 

8. Simulation Parameters Selection 

 

Before running the Simulink model, different blocks utilized in its development require the setting of various 

parameters. These parameters can be seen in Figures 1 and 2 below. To configure a block, it is selected and 

double-clicked, enabling the input of simulation parameters, which are then saved for future reference. 
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9. Simulink model running/executions  
 

The Simulink model depicted above is executed for the designated simulation duration, resulting in the 

observation of two waveforms. The first waveform is obtained at the output of the inverter, which contains 

harmonic content, while the second waveform is acquired at the output of the filter combined with the load, 

indicating a harmonic-free signal. By comparing the simulation results, the significant reduction of harmonics 

can be clearly observed after the incorporation of the harmonic filter. This demonstrates the effectiveness of the 

method presented in this section in improving power quality and generating smoother outputs at the receiving 

end. It is important to note that switches often introduce harmonics in the immediate output. To address this 

issue, multi-stage leg inverters can be utilized, which is a potential area for future research. However, in the 

current study, only the initial stage, consisting of one stage, is employed for mitigating generated harmonics and 

enhancing power quality. 

 

10. Simulated results observation 
 

The 1-phase half bridge inverter comprises a single pair of series-connected IGBTs. The PWM generators 

supply pulses and the Vdc voltage to these IGBTs as inputs. The output of the 1-phase half bridge is then 

connected to an RLC filter bank. This filter bank effectively suppresses the harmonic components in the output 

supply voltage, which is evident from the observations made in scope 1. As there are two IGBTs connected in 

series, the output of the pulse generator is multiplexed and distributed to both devices. The simulation results 

can be seen in Figures 2 and 3, respectively. 

 

 
Fig. 2 : Simulink  output display of  harmonic components waveform  of the inverter stage-1. 

 

 
Fig. 3 : Simulink output display of harmonic components waveform  of the inverter of stage-1,  after filtered o/p 
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After developing the model, the simulation is executed for a defined duration, which can be specified in the 

simulation time parameter section. Once the simulation is completed, the FFT analysis or frequency spectrum 

can be obtained to examine the results. In the case of the 1-phase, single-stage half-bridge inverter, it produces a 

bipolar voltage (-100 V or +100 V), and the harmonics are concentrated around the carrier frequency, fc, which 

is set at 1 KHz. The maximum harmonic content occurs at fc, reaching up to 90%. By performing an FFT on the 

output waveform of the load in the first stage, it can be observed that the total harmonic distortion (THD) of the 

load current amounts to 10% for the half-bridge inverter. 

 

 
 

Table 1 : Comparison of different parameters w.r.t IGBT designed circuit for the 3
rd

 case 

 

11. Conclusions 

 

The THD reduction for the output waveforms was determined by calculating the total harmonic distortion for 

the current and voltage using appropriate formulas. The results were then organized into a THD reduction table, 

presented below in a clear format. The quantitative analysis reveals that the implementation of a PWM scheme 

has been successful. Prior to the introduction of the harmonic filter, the THD for the load voltage was 0.1515, 

whereas after its incorporation, the THD reduced significantly to 0.0175. This indicates a substantial reduction 

in the harmonic content of the load voltage. Similarly, the THD for the load current was 0.1468 before the filter, 

and after its introduction, it decreased to 0.0123, demonstrating a significant reduction in the harmonic content 

of the load current. These outcomes are evident from the THD waveform results obtained in Matlab. 

Furthermore, the overall power factor was enhanced from 0.75 to 0.8. 

 

In conclusion, designing an efficient standalone hybrid system that incorporates PV, wind, and fuel cell 

technologies while considering partial shading conditions in PV and enhancing transient stability is a significant 

research area in renewable energy systems. This approach offers numerous advantages, including diversification 

of energy sources, improved system efficiency, and enhanced reliability. Addressing partial shading conditions 

in PV systems is crucial to maximize energy generation and overall system performance. Various techniques, 

such as intelligent control algorithms and reconfiguration strategies, have been proposed to mitigate power 

losses caused by shading. By incorporating shading parameters and considering the dynamic response of PV 

systems, the design of the hybrid system can optimize power output and minimize the impact of shading. 

 

Enhancing transient stability is another critical aspect in the design of hybrid systems. Dynamic models and 

control strategies for PV, wind, and fuel cell systems should be integrated to ensure stable operation during and 

after disturbances. The incorporation of energy storage systems further contributes to transient stability by 

mitigating power fluctuations and enabling a reliable power supply. The literature survey revealed that 

researchers have proposed various optimization algorithms, control strategies, and energy management 

techniques to design and optimize hybrid systems. These approaches consider the sizing, configuration, and 

operating strategies of the system components to achieve maximum energy generation and system efficiency. 

 

Mathematical modeling plays a crucial role in the design process by providing a quantitative framework for 

analyzing and optimizing hybrid systems. The models encompass the individual characteristics of PV, wind, and 

fuel cell technologies, as well as the interactions between them. By considering partial shading conditions, 

transient stability, and control mechanisms, the mathematical models enable the assessment of system 

performance and the development of efficient design solutions. 

 

In summary, designing an efficient standalone hybrid system that incorporates PV, wind, and fuel cell 

technologies while considering partial shading conditions in PV and enhancing transient stability is a 

multidimensional and challenging task. However, through the integration of advanced modeling techniques, 

optimization algorithms, and control strategies, it is possible to achieve a system that maximizes energy 

generation, improves efficiency, and ensures stable and reliable operation. Further research and development in 

Type of harmonic elimination method 3-, 1-level inverter 

THD Before Harmonic Suppression (load v) 0.1515   25.2 % 

THD After Harmonic Suppression (load v) 0.0175  1.75 % 

THD Before Harmonic Suppression (load i) 0.1468  18.65 % 

THD After Harmonic Suppression (load i) 0.0123  1.65 % 

Power Factor 0.85 
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this area will continue to advance the adoption of renewable energy sources and contribute to a sustainable and 

clean energy future. 
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