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Abstract:  Utilization of electricity is boosting in lockstep 

with the country's population. The project's principal 

purpose in this experimental project is now to be integrated 

within the fuel system in order to improve energy 

effectiveness. The fuel system would be connected in series 

with the solar or wind hybrid system's DC output voltage. 

The inverter control increased the system's reactive power 

production, and a hybrid system was created to 

accommodate for reactive power consumption as desired. 

The total harmonic distortion (THD) in the voltage and 

current waveforms of the hybrid model with fuel cells was 

explored. The extent of distortion in the voltage waveform 

was 0.25 percentage, although it was 1.84 percentage in the 

current waveform. It's within IEEE's permissible restraints 

Keywords: DC, grid arrangement, VSC, PV model.  

I. INTRODUCTION 

Energy production and demand are expanding in pace 

with global population growth, and countries are finding 

it difficult to meet escalating load demand using 

traditional electricity generation and conveyance 

methods. The two most significant roadblocks are the 

planning procedure and the economic system. Massive 

power plants demand precise planning, which 

necessitates time patience. Moreover, due to the huge 

capital investment, certain strategic plans that would 

provide broadly scattered or long-distance charges may 

not even be cost-effective. New energy deployment 

tactics would be essential to overcome the challenges 

stated above if they are appropriately planned. 

.In the foreseeable evolution of power mechanisms, 

fiscal and environmental consequences must be 

acknowledged. For upcoming electricity generation, the 

above-mentioned characteristics must be studied, and 

they would be reliable, cost-effective, safe, and viable. 

Numerous dispersed energy resources (DERs) such as 

photovoltaic (PV) and power production employing 

wind turbines are on the upswing nowadays, thanks to 

cost drops and expanding prevalence of power producing 

resource base, as well as enhanced studies work in this 

field. On the other hand, the behaviour of these resource 

bases is unreliable, which reduces the efficiency of a 

self-governing resource [2]. 

II. LITERATURE REVIEW  

Amir MushtaqPalla et al. [3] The A new model that is 

hybrid on grid inverter   that replaces the Paired with 

Capacitors On-Grid Inverter (CGCI) and the Inductively 

Coupled with-Grid Inverter (ICGI) (IGCI). The designed 

architecture includes a three-phase full-bridge DC/AC 

inverter topology with an LC filter regulated by thristor 

(TCLC) for actively conveying power, as well as 

reactive power compensating and harmonic element 

compensation. 

Sujit Kumar Bhuyan et al. [4] The created hybrid energy 

system (HES) includes a solar photovoltaic (PV) 

structure, an electrolyze, a storage vessel, and an oxide 

fuel in solid form cell. The HES is being employed to 

power three loads and one load that is synchronised 

includingI the mains via a voltage source converter 

(VSC). Therefore in work, H2 is created using an 

electrolyser that uses supplementary solar energy and 

water as resources. 

Y. N. S. Mounika et al. [5] This research describes a new 

control method for 3-phase 4-wire inverters that enables 

for even more effective grid incorporation of renewable 

energy sources. In the suggested methodology, the load 

current (i.e., harmonic reduction) is modified for the load 

voltage using an APFs (Active Power Filter) shunt. In 

this research, wind energy with a potential of 1.5 MW is 

used as a renewable energy source. 

Lei Wang et al. [6] This This study presents the "Hybrid 

Inverter connected with Grid (HGCI) for Active 

Photovoltaic Power Production with  Conditioning  

Power Qualty" ,a hybrid DC/AC inverter with power 

quality connectivity. This paper suggests and introduces 

the HGCI paradigm appraisal, layout methodology, and 

regulatory approach.  
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The analysis will be employed to meet the following 

primary objectives: 

 

1).Improving the effectiveness and dependability of a 

grid-connected solar-wind hybrid power system for 

shifting loads. 

2) Implementing an inverter authority that produces 

minimized distortion frequencies in the V and I 

waveforms employing an optimizing methodology. The 

control system might reduce the excesses at the 

transitional loading point however when a system is 

implemented to unforeseen load fluctuation at the power 

producing units. To achieve energy effectiveness, the 

system must be connected with the fuel system. The fuel 

system would've been linked in parallel to the solar/wind 

hybrid system's DC voltage output. 

3). The system's reactive power production has rise as a 

result of inverter management and the development of a 

hybrid system to compensate for reactive power 

demands whenever essential. 

4). The goal of this project is to develop a hybrid solar-

wind-fuel platform that includes a recommended control 

approach for boosting numerous aspects. 

. 

III. METHODOLOGY   

To design elements of Hybrid Renewable Energy 

System, investigators have created a variety of modelling 

procedures. The efficiency of individual elements is 

calculated whether using relative or absolute strategies. 

The foundational design structures for solar and wind 

power system applications, including the designing of 

PSS controlling mechanisms, are discussed and 

summarized. 

 

Figure 1:  A hybrid energy technology is given and its structure is 

shown. 

 

 

 3.1 PV Module demonstrating 

 

Figure 2 Solar system simulation 

Cell photo current (𝐼𝑝ℎ), Exponential Diode (D), and 

Shunt resistance (Rsh) are integrated in parallel and is 

organized in linear sequence with a cell series resistance 

(Rs), where I pv and Vpv are the cells current (I) and 

voltage (V), respectively. It can be detailed as follows:  

𝐼𝑝𝑣 = 𝐼𝑝ℎ − 𝐼𝑠(𝑒𝑞(𝑉𝑝𝑣+𝐼𝑝𝑣∗𝑅𝑠)/𝑛𝐾𝑇 − 1) − (𝑉𝑝𝑣 + 𝐼𝑝𝑣

∗ 𝑅𝑠)/𝑅𝑠ℎ 

Where: 

𝐼𝑝ℎ - Solar-induced current 

𝐼𝑠   -  Diode saturation current 

𝓆 - Electron charge (l.6e-l9C) 

𝒦  - Boltzmann constant (l.38e-23J/K) 

𝓃  -  Ideality factor (l~2) 

𝕋 -  Temperature K 

 

Figure 3 Solar Photovoltaic cell identical circuit 

The solar induced current of a solar PV cell is related to 

the concentration of direct solar radiation including the 

operational temperature ranges, and can be expressed as: 

𝐼𝑝ℎ = 𝐼𝑠𝑐 − 𝑘𝑖(𝑇𝑐 − 𝑇𝑟) ∗
𝐼𝑟

1000
Eq (4.2.2) 

Where:  

At STC, Isc designates the short-circuit current 

parameter of cell. 

Short-circuit current/temperature coefficient (A/K) 

within a cell. 

Ir- Irradiance in watts per metre 
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Tc,Tr Cell temperature of process as well as 

standard temperature at STC. 

A PV cell has an incredibly rapid relationship between 

current -voltage, as shown in Fig. 4.4, including the 

maximum power point (MPP) at the knee of the 

graphical representation. 

 
Figure.4  Power curve of a typical Photovoltaic system 

 

Table 1: PV module Variables 

Model 1Soltech 1STH 

Highest Power 213.5 Watts 

Quantity of parallel strings 40 

Quantity of series modules 10 

Voltage of Open circuit 36.3 Volts 

Currentof Shot circuit  7.84 Ampere 

Ir-radiation 1000 wb/m2 

Temperature in Celsius 300C 

 

3.2  Wind energy procedure modeling: 

Wind turbines are an environmentally friendly form of 

energy that is commonly obtainable. The output power 

production of a wind energy system tends to vary 

depending on conditions prospects of the architectural 

style place. A feasible alternative and a techno-economic 

wind process require a geographical location that is 

better than potential of wind [6]. To examine the 

performance of numerous different wind turbines in 

separate venues, the suitability and order related to 

economy of the wind system is interpreted in terms of 

average download speed & turbine attributes [6]. 

 
Figure 5 Wind system simulation 

This arrangement uses a variable torque output to try 

and maximise the output current and voltage waveform. 

 
Table 2 :Wind energy system factors 

Wind speed 11 m/sec 

Quantity of wind turbines 80 

Nominal power  2 MW 

Frequency 50 hertz 

Line to line voltage 410 V 

Friction factor 0.01 

Number of poles 1 

Inertia constant 0.62 

 

3.3 Controller designing  

Including the intention of enhancing system variables, 

the control design of inverter was completed. The 

analysis was implemented in the dq0 conceptual 

framework to consider studying the elemental parts and 

there own alteration relatively easy. The system keeps 

track of the changeable criteria and up - to - date them as 

actually required. 

 

Figure 6: Power Integerated regulator for inverters featuring 

differential evolutionary (DE) improvement and hysteresis band 

Signals from the monitoring system's preceding part are 

received by the inverter, which is a three-leg, six-pulse 

inverter. The control system accepts grid variables, load 

variables, and inverter output values as inputs. The 

active and reactive power necessities have been 

investigated, and the alteration are anticipated to boost 

them. The following methods, as shown in the process 

flow elsewhere here, are used to code and improve the 

DE optimising algorithm's efficacy: 
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Figure 7: Displays the flow diagram that is Differential 

Evolutionary  Algorithm should be for Converters, which was 

previously discussed.. 

IV. Work Description 

The primary goal was to create a hybrid solar-wind 

energy system. which is linked to the grid .This study 

was led using the solar system configurations from the 

previous section. To distinguish in between load 

fluctuations by the changeability of timespan, this is 

system is meant to be designed   The active power 

outcome in the 30Kwatt load line are seen elsewhere 

here, as per the paper. Figures 8 and 9 demonstrate the 

voltage and current output at the line where the load is 

connected and power is embedded. 

 
Figure 8: On load line,  the voltage is displayed 

 
Figure 9: On the load line, it displays  current 

The load connectivity at operating line voltage is kept at 

500 volts. The system is designed to initiate a second 30 

KW load from a distributed system which is parallel in 

arrangement. Foregoing analyses were carried out using 

the inverter's foundational voltage regulatory control. 

This very same structure was confined to the suggested 

differential evolutionary (DE) maximisation and 

hysteresis band assimilated PI controller for inverter and 

its consequence on the current and voltage waveforms at 

the load terminal was evaluated in order to analyze the 

influence of the developed  model of controller. The 

level of manipulation in current and voltage waveforms 

was investigated and found to be quite as follows: 

 

Figure 10: Waveform of voltage just at load terminal, with inverter 

voltage distortion modulation 

 

Figure 11: Controlling inverter voltage defect via using FFT 

window for such voltage waveform just at load terminal 
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Figure 12: Voltage distortion modulation regulate for inverter 

THD percent in voltage of waveform on load terminal 

 
Figure 13: Voltage distortion regulatory control for inverter for 

the current waveform on load terminal 

 

Figure 14: Inverter voltage distortion modulation regulate with 

FFT window with current waveform on load terminal 

 

Figure 15: Voltage distortion modulation mechanism for inverter 

THD percent for current waveform on load terminal

 

Figure 16: Output of  voltage for  waveform with recommended 

DE technique for inverter multi-tasking  performance 

improvement control 

 

Figure 17: Description of  FFT assessment on voltage waveform 

outcome using suggested DE technique for several-objective 

quality management 

 

Figure 18: The THD percentage in voltage waveform outcome with 

recommended DE method for several objective inverter 

performance improvement control 

 

Figure 19: Numerous-objective performance improvement control 

of inverters, current waveform outcome with suggested DE method 

 

Figure 20: For FFT evaluation of existing waveform output 

combined with the recommended DE technique for various-

objective of  inverter performance improvement control

 

Figure 21: Percentage  of THD  in current waveform outcome 

using recommended DE method for inverter performance 

improvement control with many objectives 

Whenever the structured control system was used during 

the hybrid photovoltaic wind turbine system, the level of 

deformation in the voltage (V) and current (I) waveforms 

was drastically reduced. This shows how well the built 

controller works as a general harmonic level stabiliser in 

the controller, desperately trying to make it more 
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vulnerable. The evaluation was also expanded to include 

transitory loading scenarios, which took place when a 

load was surprisingly relocated further into the line at 0.2 

seconds into the projection period. 

Table 3 : Comparative values of distortions using self designed control 

Parameters System with voltage 

regulation control 

System with 

proposed controller 

THD% in voltage 0.78% 0.12 % 

THD% in current 2.61 % 0.56 % 

 

 Load analysis 

With this research, the changes in the current waveform 

were examined at time frames whenever the load was 

suddenly relocated further into line. As a result, a three-

phase line relay is being used in close collaboration with 

a 30KW load that had been started turning off at the 

time. In 0.2 seconds, the breaker turns on, and the load is 

tied to the line. The voltage level of line, which itself is 

500 volts, is constantly fluctuating. To explore the 

modifications in the current waveform caused by an 

unpredicted line loading at 0.2 seconds whenever the 

load is relocated into the line, the Harmonic distortion 

level in the wave of current was analysed. 

 

Figure 22: Using voltage distortion modulation control, current is 

pulled from  load terminal.

 

Figure 23: During transient loading, FFT evaluation of existing 

current obtained from the load terminal employing voltage 

inaccuracy regulation control 

 

Figure 24: During transient loading, THD percent in current 

generated from the load terminal employing voltage distortion 

regulation control 

 

Figure 25: While  current just at load terminal using the 

postulated DE method for several objective inverter quality 

assurance 

 

Figure 26: For FFT study of current just at load terminal utilizing 

recommended controller during transient loading 

 

Figure 27: With the suggested controller, THD percent in Current 

just at Load Terminal at the Time for Transient Loading 

In accordanceto the output currents, the shifting of a 

30KW load is performed in the load line. The 

appropriateness of the control system with differential 

evolutionary design optimization algorithm is studied at 

few stances. The three-phase separator is turned off for 

0.2 to 0.4 seconds, and the 30KW load is precipitously 

detached from the load line, cutting the quantity of 
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current emphasised. Off-loading has an effect on the AC 

output current at 0.4 seconds, which is explored. 

 

Figure 28: Description FFT assessment of current taken from  load 

terminal during transient offloading invcluding voltage inaccuracy 

regulation control 

 

Figure 29: During transient loading, THD percent of current 

obtained from the load terminal utilizing voltage distortion 

regulation control 

 

Figure 30: For FFT study of current now at load terminal during 

transient unloading using the suggested controller 

 

Figure 31:  Percentage of THD of the  current on load terminal 

during transient offloading by suggested controller 

Table 4 : Comparative values of THD% in current in load line 

loading 

Parameters System with voltage 

regulation control 

System with 

proposed controller 

During loading 

at 0.2 sec 

0.31% 0.18 % 

During off 

loading at 0.4 

sec 

0.41 % 0.37 % 

 

4.1 Fuel system integration 

The PEMFC is an electro - chemical maneuver that 

renovates chemical energy deposited in reaction from a 

fuel, H2, and an oxidising agent, O2, into electric power. 

 
Figure 32: Simulation for  fuel system utilizing 

MATLAB/SIMULINK 

 

Figure 33: Overallll energy resources have a common 

DC connection voltage. 

Solar, wind, and fuel energy systems were created to be 

inextricably linked using a specific voltage. The 

schematic model illustrates the common DC voltage line, 

something that is maintained at close to 350 volts and 

connects the 3 Renewables structures. 

4.2 Boost converter Designing 

The Boost Converter unit includes of an inverters with a 

control system and a gate-signal creator that boosts DC 
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voltage. Regardless of the reality that they increase 

the magnitudes of the voltages, step-up voltage 

regulation is also identified as improving special field in 

terms of topologies. 

The Boost Converter factor can be used to make an 

automated converter through one converting device or a 

chronology of inverters including two switching devices, 

such as a GTO (Gate turn-off Thyristor), IGBT 

(insulated-gate bipolar transistor), MOSFET (metal-

oxide-semiconductor field-effect transistor), or 

Thyristors. 

The Boost Converter constituent allows you to create an 

asynchronous converter through one switching device or 

a sequential converter with 2 devices, including a GTO, 

IGBT, MOSFET, or Thyristors. We have employed a 

enhanced converter in our study to constrain and revive 

the Dc bus voltage over period. 

 

Figure 34:Well after boost converter, resulting DC voltage 

waveform 

V. RESULTS  

The outcome of a hybrid approach with a stabilizing 

agent was examined in the subsequent instances: 

Scenario 1: Using voltage regulation, inverters constrain 

output of DC via hybrid solar or wind energy 

technologies. 

Scenario 2 contends a differential evolutionary (DE) 

performance and hysteresis band implemented 

Proportional Integral controller for the power converter 

in a hybrid solar, wind, or fuel cell schema. 

 

Figure 35: Voltage : Solar and wind including hybrid system 

voltage outcome including voltage modulation regulated inverter 

controller

 

Figure 36: For FFT evaluation of the solar or wind hybrid system 

state's voltage output 

 

Figure 37:  Percent of THD  that  is employed by solar or wind 

hybrid program's voltage outcome 

 

 

http://www.shodhsangam.rkdf.ac.in/


  SHODH SANGAM - A RKDF Univеrsity Journal of Sciеncе and Еnginееring  

 

ISSN No. 2581-5806                     http://www.shodhsangam.rkdf.ac.in                Vol.-04, No.-06, December-2021, Page 50 

Figure 38: t From current emission from either  solar/wind hybrid 

model regulated by a voltage regulator inverter controller 

 

Figure 39: For FFT evaluation of the solarand wind hybrid 

program's current outcome 

 

Figure 40: Percentage of  THD on current production from solar 

and wind hybrid system

 

Figure 41:  Solar and wind hybrid technology active power 

production using voltage source controller 

 

Figure 42: This solar/wind hybrid program's reactive power 

efficiency including the voltage source controller. 

 

Figure 43: The suggested DE performance tuning regulatory 

controller regulates the voltage outcome from either  hybrid solar 

or wind/fuel cell technology. 

 

Figure 44: For FFT assessment of the suggested hybrid solar and 

wind/fuel cell program's voltage output

 

Figure 45: The suggested hybrid solar or wind/fuel cell technology 

has a THD percent in voltage output.

 

Figure 46: For current result from the suggested DE optimization-

based regulation controller for the hybrid solar or wind/fuel cell 

technology 

 

Figure 47: For FFT assessment of the suggested hybrid solar or 

wind/fuel cell program's current outcome 
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Figure 48:  The planned hybrid solar and wind/fuel cell framework 

's current outcome  in THD percent

 

Figure 49: This hybrid solar and wind/fuel cell program's active 

power generation with the suggested DE performance tuning 

regulatory controller 

 

Figure 50: :  Hybrid solar and wind/fuel cell program's reactive 

power production with the suggested DE performance tuning 

regulatory controller 

VI. CONCLUSION  

Natural factors fill up RES, also known as 

unconventional energy, on a continuous basis. Hybrid 

methods are really the right approach for developing 

sustainable power. A viable generating electricity feature 

is created by combining solar and wind energy supplies. 

A latest converter topology is proffered that uses a 

recommended differential evolutionary (DE) 

optimization and hysteresis controller, as well as a 

Proportional Integral controller for inverter quality 

assurance, for a hybrid wind solar system. Modeling was 

used to demonstrate the functions and features of the 

deployment optimization and power-electronics-based 

voltage–power provision. 

Factors/ Model Hybrid solar/wind 

system through 

voltage regulation 

control of inverter 

Hybrid solar/wind/FC 

system throughsuggested 

DE dependent controller 

Active Power 

(Watts) 74920 77090 

THD% in 

voltage 0.82% 0.25% 

THD% Current 1.93% 1.84% 

Reactive Power 

(Var) 10710 11300 

Power Factor 0.95 0.98 

 

% increase in 

power=(
𝑁𝑒𝑤 𝑜𝑢𝑡𝑝𝑢𝑡 𝑝𝑜𝑤𝑒𝑟−𝑂𝑙𝑑 𝑜𝑢𝑡𝑝𝑢𝑡 𝑝𝑜𝑤𝑒𝑟

𝑜𝑙𝑑 𝑜𝑢𝑡𝑝𝑢𝑡 𝑝𝑜𝑤𝑒𝑟
)   𝑥 100 

           = [(77090-74920)/74920] x 100 

           = 2.89% 

Branch of electronics that is Power electronics are 

required to connect all energy suppliers to the dc link. 

With there controlling ability has the capacity to boost a 

variety of measures in the hybrid system. The inverter 

controller is proposed with the various aspects of the 

transmission system of power in mind, as well as 

recommendations to manage them. The key findings 

surpassed as a conclusion of the study are listed below. 

 The assembled regulation was already 

examined for harmonic level disturbance in the 

outcome of voltage and current waveforms just 

when the loads were imbibed nearest to the 

providing spot. The proposed model was 

created to reduce waveform deflections in both 

currents and voltages. 

 For unexpected load - carrying scenarios, the 

management of controlling was also explored. 

While comparing the developed methodology 

to the voltage source control, it was 

encountered that the developed scheme had less 

disturbance in the current waveform, 

involving both loading and off loading spots. • 

The imaginary power of the system has been 

expanded, permitting it to lead reactive-power 

loads excluding the use of a distinguishable 

compensating devices. 

  The real power has boosted in tandem with the 

increase in intake to the inverter, and then an 

improvement in the power characteristic of the 

system, culminating in a 2.89 percent rise in 

overall efficiency of the proposed system. 

 The waveforms of voltage and current of the 

concluding hybrid system including fuel cell 

integration were researched for total harmonic 

distortion (THD).  In the waveformof the 

voltage, the deformation tier was 0.25 percent, 

while being in the wave form of current, it 

became 1.84 percent. It falls inside IEEE's 

acceptable bounds. 

VII. FUTURE SCOPE 
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The proposed hybrid solar-grid framework will be 

immensely helpful as this will reduce reliance on the 

grid. And from the other aspect, this newest addition 

supports renewable techniques, which in itself is 

essential due to the fact that all power plants replenish 

nearly everyday. As a necessary consequence, people 

must investigate various renewable energy sources, with 

solar energy undisputedly being one of the best. An 

adaptive NN-based (neural-network) control for better 

power quality will now be explored in the next few.A 

three-phase grid including fluctuating and linear loads 

will be arranged for this system, which composed of 

three sources in the sort of a photovoltaic/ wind/ fuel 

cell  mixed power-teraain. The control strategy which is 

developed effectively regulates system voltage while 

also improving power quality. 
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