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ABSTRACT- There had been significant growth in the 

area of renewable energy over the past recent years. 

Though there has been great development in sustainable 

energy, there is still a long way to go.There are certain 

inherent limits to this renewable electricity. Solar and wind 

electricity, for example, have an intermittent character. In 

comparison to the electric load, the electro-chemical 

reaction dynamics in the fuel cell are rather sluggish. This 

is incompatible with current electric applications, which 

demand continuous voltage and frequency. This research 

suggested and tested a novel power circuit to address the 

problem of renewable energy's intermittent nature and 

poor reaction. 

The proposed circuit combines a variety of renewable 

energy sources with energy storage. The influence of 

intermittent nature can be considerably decreased by 

combining biofuels have a probabilistic proclivity towards 

compensating for one another. The above integration will 

improve the entire system's dependability and efficiency. 

It may either deliver more energy to the load or absorb 

surplus energy from the energy sources, considerably 

enhancing the overall system dynamics. 

We provide electricity for the load using fuel cells, while 

solar and wind energy are employed to maintain power. 

We're employing buck boost choppers and boost choppers 

to adjust the power to the right level. For AC loads, an 

inverter converts DC to AC. We use renewable energy in 

our project to ensure steady electricity during load. In 

MATLAB / Simulink, a software simulation model is 

created. 

KEYWORDS- DC, MATLAB, Renewable Energy, 

Simulink. 

I. INTRODUCTION 

The growth of renewable energy has received a lot of 

attention in the last several years. There has been great 

development in green sources suggesting there is still a 

long way to go. There are certain inherent limits to these 

renewable sources. Solar and wind electricity, for example, 

have an intermittent character. In comparison to the 

electric load, the electro-chemical reaction dynamics in the 

fuel cell are rather sluggish. This is incompatible with 

current electric applications, which demand continuous 

voltage and frequency. This research suggested and tested 

a novel power circuit to address the problem of renewable 

energy’s intermittent nature and poor reaction. [1] 

Renewable energy has gotten a lot of attention because of 

environmental issues like climate change, as well as 

political and economic reasons including decreased 

reliance on foreign energy imports and high oil costs. The 

fastest-growing renewable energy industries are wind and 

solar power. As renewable energy technology advances, 

the cost of renewable energy-generated power decreases. 

Renewable energy technologies are excellent for dispersed 

power generation as well as solving climate change and 

reducing reliance on foreign energy imports.[2] Renewable 

energy may deliver power without expensive and intricate 

grid infrastructure in distant places. if there are no power 

sources or when the cost to build distribution networks is 

too high. 

As per Energy Information Administration, solar electric 

utilities might supply the 70% of the power generation in 

50 years, reducing CO2 emissions that are environmentally 

damaging. "Photovoltaic and solar-thermal plants may 

fulfil majority of the world's demand for electricity by 

2060, and half of all energy demands, with wind, 

hydropower, and biomass plants contributing much of the 

remaining output," said Senior member in the IEA's clean 

energy section, Cedric Philibert.[3] "Combined 

photovoltaic and concentrated solar power might become 

the primary source of energy." Wind energy output is also 

quickly increasing, accounting for roughly 5% of global 

power use. 

Commercial sun capacity has increased 227 thousand 

megawatts(MW) in 2015, and enough to supply 1% of 

worldwide electricity generation. In the U.S. And the 

Soviet union, heat recovery facilities may be encountered., 

with the Ivanpah Solar Electric Generating System in 

California being the biggest.[4] 

A. Method 

In this paper, a novel type , a multi-port DC source adapter 

will be recommended. efficiently and inexpensively 

combine various renewable energy sources and energy 

storage. Analysed,  planned, regulated, and simulated the 

proposed circuit. To validate the utility of the suggested 

circuit, several difficulties relevant to practical application 

will be examined. They will cover the circuit's stability at 

various operating points, how to start it without external 

help, the load and energy storage, how to adjust or manage 

the load current while maintaining the input power from 

solar suppliers practically stable under the impact of a 

dynamic load, how to sustain a fixed load voltage that 
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under presence of a variable sustainable and clean input 

voltage, and how to blend them all.[5] 

Photovoltaics, Wind Turbines, Rectifiers, Regulators, DC 

to DC Converters, Fuel Cell, Inverters, and DC Bus are the 

materials or elements needed to complete the circuit 

II. LITERATURE REVIEW 

Non-conventional energy sources are becoming more 

popular among academics due to increased energy demand 

and restricted supply of traditional energy. Many studies 

are being conducted to improve the increase the power 

performance of fossil fuels. trustworthy and helpful. The 

utilization of many sources .[6] We may collect different 

types of power origins at around the same time in a 

combination power supply, increasing performance. The 

fundamentals of PV cells, modules, and arrays, as well as 

their modelling, are examined. PV module behaviour is 

also investigated under various environmental 

circumstances such as sun irradiation and temperature.. By 

researching different types  Genderfluid solenoid valves, 

how they operate, and how to use them in batter recharging 

are all known, as is the generator, how it works, and how 

to get the most current out of it.[7] 

Several studies have addressed the notion of a multi-port 

DC-DC converter. Parallel connections on a same DC bus 

are one way to link diverse renewable energy sources. A 

series connection is another way to link many sources. To 

incorporate energy storage The loop in a sustainable 

energy solution must be macro - and micro. The transistor 

must also be suited for professional situations. M. Michon 

and J.L. Alves introduced a three circuit with 3 levels of 

filled to the brim devices characterized by two 

configurations. This system was improved by A. 

Kotsiopoulos, who increased the squishy operating time 

with duty ratio control and designed the controller to 

handle the load current and line current from alternative 

energy sources.[8] 

III. METHODOLOGY 

The micro-grid setup presented in this project is 

particularly practical since it integrates numerous energy 

sources using DC-DC converters and then stores and 

supplies energy in AC form utilizing storage mechanisms 

and inverters. Solar photovoltaic Wind turbine and solar 

energy are two examples of solar and wind power. 

combined. Aside from these, batteries and fuel cells are 

utilized for energy storage. When renewable sources, such 

as sun and wind, are unavailable, fuel cells can provide 

enough power to start the system and keep it running. To 

make the system more redundant, the batteries are 

employed as energy buffers.[9] 

A. Solar Photovoltaic Cells 

A solar cell, also termed as a photovoltaic panel, is an 

electronics method of converting produce electricity via 

thermoelectric. 

A photovoltaic (PV) cell must have three essential 

characteristics in order to function: 

• Light absorption, which produces electron-hole pairs 

called excitons. 

• Charge carriers of opposing sorts are separated. 

• The extraction of those carriers to an external circuit 

separately. 

Solar modules, which generate electricity from sunshine, 

are made up of solar cell assemblies. 

MPPT (Maximum Electricity Point Tracking) is used by 

solar photovoltaics to offer the most power at any given 

time..  

 

Figure 1: Solar panel farm 

A solar PV (photovoltaic) farm is seen in Figure 1. Each 

Panel is made up of smaller tiles (the black squares), which 

are made up of smaller strips or individual solar cells 

linked by silver conductors. To prevent degradation, the 

panel's surface is comprised of either glass or UV-resistant 

epoxy. A typical solar cell can survive up to 25 years, 

although its performance degrades significantly over time. 

The mathematical model of the solar PV-cell is shown in 

Figure 2 together with the mathematical equations..[10] 

 

Figure 2: Model of a PV-cell 

A photo - voltaic cell is a semiconductor system that 

detects and transforms photonic energy from sunlight. In 

the ideal photo voltaic model, the indices associated with 

cell heating and absorption coefficient, such as Rsh and Rs, 

are exceptionally challenging to measure. Many 

observable conceptual features are provided by proposed 

pv manufactures, such as power system existing ISC, short 

circuit current VOC, maximum voltage point Vm, mppt 

controller existing Im, and maximum power point Pm. 

𝐼𝑝𝑣 = 𝐼𝑃ℎ − 𝐼𝑑 −
𝑉 + 𝐼𝑅𝑠
𝑅𝑠ℎ

 

B. Wind Turbine 

A pv system, sometimes referred to as a wind and solar 

transmitter, is a mechanism that converts wind power into 

electricity. Wind speed has a direct correlation with the 

unit of energy gathered. and the blade sweep area. The 

amount of energy that can be recovered from wind is 

restricted, as described by the Betz' limit, which stipulates 
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that the maximum amount of energy that can be recovered 

from wind is 59 percent. 

The shaft, nacelle, which contains the generator and brake 

system, and gear boxes are all components of a wind 

turbine. Induction generators are commonly utilized, 

however smaller scale wind turbines frequently employ 

PMSM (Permanent Magnet Synchronous Machines) 

generators since they do not require help during start up. 

As a result, a wind turbine's total peak power production is 

16/27 times the rate for which fluid motion arrives at the 

console's efficient disk area. If the penetration depth of the 

ring is A and the air density is v, the maximal feasible 

power generation P is: 

𝑃 =
16

27

1

2
𝜌𝜈3𝐴 =

8

27
𝜌𝜈3𝐴 

where ρ is the air density 

Dust as well as insect carcasses on the blades alter the 

mechanical character of the impeller, lowering the lift-to-

drag relationship so allowing efficiency to plummet over 

time. An survey of 3128 wind farms older than 10 years in 

Sweden reported that more than half had no power drop 

and the other half had a 1.2 percent yearly produce decline. 

Ice depositing on wind turbine has been observed to 

dramatically reduce wind engine power in chilly places 

from in icing and heavy snow occurrences occur. Vertical 

engines are inefficient compared to conventional turbines. 

Figure 3 depicts the design of a wind turbine. (VAWT) 

 

Figure 3: VAWT diagram and parts 

To catch the energy from the wind, wind turbines are 

erected on a tower. The higher the blades are, the more they 

may benefit from the quicker, less turbulent airflow. The 

blades, shaft, and generator are the three basic components 

of a simple wind turbine: 

1) Blades 

The blades serve as wind barriers. Some of the wind energy 

is transmitted to the rotor when the blade is forced to move 

by the wind.. 

2) Shaft 

The gear revolves in tandem with the turbine, transforming 

mechanical force into turbines. 

3) Generator 

A generator produces a voltage change by using the 

difference in electrical charge. Electrical pressure, or 

voltage, is the force that pushes an electrical current. For 

distribution, the voltage drives the electrical current 

(alternating current power) across power lines. The 

construction is shown in the figure 4. 

 

Figure 3:  Fuel Cells battery 

A fuel cell turns chemical potential energy (the energy held 

in molecule bonds) into electrical energy. The fuel for a 

PEM (Proton Exchange Membrane) cell is hydrogen (H2) 

and oxygen (O2). Water, electricity, and heat are the by-

products of the process in the cell., therefore this is a 

significant improvement. 

We simply need to provide the fuel cell with H2, which can 

be obtained by an electrolysis process, because O2 is freely 

accessible in the environment (see Alkaline electrolysis or 

PEM electrolysis). 

 

Figure 4: Fuel Cell Cross-Sectional Description 
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Hydrogen and oxygen are commonly obtained using an 

electrolyser, a device that performs water electrolysis. 

The design of a fuel cell is seen in Fig. 5 above. 

The following is the reaction: 

Anode reaction: 2H2 + 2O2− → 2H2O + 4e− 

 Cathode reaction: O2 + 4e− → 2O2− 

Overall cell reaction: 2H2 + O2 → 2H2O 

This concept is utilized in tiny electric or hybrid vehicles 

and is significantly cleaner. However, numerous of these 

units must be stacked in series and parallel to provide the 

requisite power output from fuel cells. As a result, the stack 

is too big for the power it delivers. The fuel cells for this 

project are limited in terms of power and size. As a result, 

they are utilized to fill power brownouts caused by reduced 

wind and solar plant production. 

Fuel cells can also be scaled up. Several fuel cells may be 

piled to form stacking, which can subsequently be 

incorporated into larger systems. Evs include small-scale, 

number of co sites that produce energy directly to the 

transmission network, as well as large-scale, non - linear 

and non plants that produce energy directly to the utility 

grid.  

The buck voltage source inverter is a DC-DC adapter. The 

output current of the Dc source may be less than or equal 

to the input signal. The output of the mosfet is affected by 

the circuit. After the related step up - step-down capacitors, 

these translators are also named as significant upgrade and 

process is a multi generators. Stepping upwards equal input 

voltages to a desirable level than with the input voltage. 

Cos of the low acceptance frequency, the motor speed is 

equal to the actual power. The following sentence 

represents the conversion's low point. 

Operating voltage (Pin) = Load connected (Pin) (Pout) 

The input power is smaller than with the output power (Vin 

Vout) in the step-up manner. The total power is shorter than 

the original flow, as shown. As a result, the buck 

accelerator acts as a step - up transformer feature. 

Vin < Vout and Iin > Iout 

The power factor is larger than the terminal voltage in step 

back mode (Vin > Vout). As a result, the value of current 

exceeds the ac signal. As a result, the interleaved boost 

inverters operates in phase mode.. 

Vin > Vout and Iin < Iout 

Figure 6 depicts the converter's operational cycles. The 

inductor is charged with a quantity of energy proportionate 

to the duty cycle of the switch during the on cycle. The 

inductor energy is discharged and transferred to the load 

via the output filter capacitor during the switch off state, 

which decreases the ripple. 

 

Figure 5: Buck Boost Converter Operation cycles shown 

in red. When switch is on and when switch is off. 

The voltage relation between input and output voltage is as 

follows: 

𝑉𝑜𝑢𝑡 = −
𝐷

1 − 𝐷
𝑉𝑖𝑛 

The negative sign indicates that the output polarity is 

inverted, and D represents the switching duty cycle. 

The following formulae are used to compute the critical 

values for the inductor and capacitor, respectively.. 

𝐿𝐶 = 𝐿 =
(1 − 𝐷)𝑅

2𝑓
 

𝐶𝐶 = 𝐶 =
𝐷

2𝑓𝑅
 

Without using a transformer, the Buck Boost converter 

reverses the polarity of the output voltage. It also has high 

fault tolerance since the inductor limits the fault current in 

the event of a switch failure. 

The objective now is to use the buck boost converter to 

combine the three sources (s) The load to be provided is a 

low-power R residential load. The DC bus provides power 

to this load. 

The configurations' designs are illustrated separately 

before being combined on a single common DC-bus. 

Although buck boost converters provide a steady voltage, 

this is not always the case. To provide voltage stability on 

the DC-bus, a supplementary boost converter stage is 

utilized. The DC-bus voltage is set to 120V so that it may 

output 240Vpp AC when used with an inverter. The needed 

voltage is roughly 230Vpp AC, although the greater voltage 

is employed to compensate for circuit element dips. 

Because India's standard voltage is 230V AC. 

 The power factor is larger than the terminal voltage in step 

back mode (Vin > Vout). As a result, the value of current 

exceeds the ac signal. As a result, the interleaved boost 

inverters operates in phase mode. 

                  Input power (Pin) = output power (Pout) 

Because Vin  is smaller than Vout in a voltage source 

inverter, the voltage output is far less than the source 

current. As a result, in power switches 

                                                     Vin < Vout and Iin >Iout 

Principle of operation of Boost converter 

Boost translators work because the resistor in the primary 

winding resists rapid changes in input power. When the 

transistor is open off, the circuit stores fuel in the case of 

magnetic energy and discharges it when the switch is 

switched on. The resistor in the receiver section is designed 

to be large enough that the duty cycle of the output stage's 

RC circuit is high. Because of the large time constants in 

contrast to the commutation period, the output voltage 

remains constant. Vo(t) = Vo(t) = Vo(t) = Vo(t) (constant) 

Voltage source inverter circuit is shown in figure 

IV. SYSTEM ARCHITECURE 

The design of the solar panel attached to the Buck-Boost 

converter is shown in this section. The arrangement was 

created using MATLAB and Simulink. A 230W PV panel 

is used in the setup, which is exposed to variable irradiance 

and a progressive temperature increase from 25 to 50 

degrees Celsius. The panel output is routed into a buck-

boost converter, which increases the panel's output voltage 

to 100V, which is the DC bus voltage utilized in this 

system. 120V DC is the main DC bus voltage.. To do this 

in this multiport system, separate the different modules of 

renewable sources. A boost converter is used to achieve 
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and maintain the desired bus voltage. The solar panel with 

buck boost converter implementation in Simulink is shown 

in Fig. 7. The qualities that were measured are also 

displayed. 

 

Figure 7: Solar Panel module section in Simulink 

The outputs and measurements are shown in the figure 8 . 

 

Figure 8: Panel Output (purple: irradiance, light-blue: voltage, green: current) 

Figure 9 shows the buck boost converter voltage output  

 

Figure 9: Buck Boost Converter Voltage output 

 

Figure 10: Buck Boost Converter Current output 
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Figure 10 shows Buck Boost Converter Current output the 

data from above shows that the setup is working as 

expected. Maintaining the output voltage at 100V. 

A. Wind Turbine Setup 

The design of the Wind Turbine coupled to the Buck-Boost 

converter is shown in this section. The arrangement was 

created using MATLAB and Simulink. A 1.2kW 

permanent magnet DC generator (PMDCG) is used in the 

setup, which is exposed to fluctuating wind speeds and 

converted to torque. The wind turbine's output is routed 

through a buck-boost converter, which increases the 

panel's output voltage to 100V, which is the DC bus 

voltage utilized in this design. 

 

Figure 11: Wind Profile for the Simulation 

The Wind Profile shows that the wind speed and direction 

are not always as predicted under ideal conditions as 

shown in figure 11  To duplicate this effect, a waveform 

for variable wind speed was built utilizing a harmonic 

combination of sinusoidal waveforms with varying 

amplitude, phase, and frequency to approximate real wind 

speed fluctuation over time. To achieve the necessary 

qualities, this combination was then suitably adjusted 

using a gain. To make the simulation work, the gain 

utilized has a negative sign to deliver negative torque 

values to the generator. The harmonic building approach 

utilized here is depicted in the figure 12 

 

Figure 12: Harmonic building approach 

The offset keeps the wind profile primarily in one direction 

(greater than zero). This is because the wind turbine in 

question is supposed to be installed on a swivel base, 

ensuring that the turbine blades are facing the wind for the 

most of the time. 

The boost converter step raises the DC-bus voltage to 

120V. 

The module for the wind turbine is shown in Fig. 13, and 

the outputs of the same arrangement are shown in the 

following figures.. 
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Figure 13: Wind turbine module 

Outputs of the simulation is shown in figure 14 to figure 

16 whereas figure 14 shows the Wind Turbine output 

Voltage output of buck boost converter is shown in figure 

15.  

B. Outputs of the Simulation 

 

Figure 14: Wind Turbine output. (Blue: Electric Power, Dark Blue: Voltage, Red:Current) 

 

Figure 15: Voltage output of buck boost converter 

Despite the buck-boost feedback, voltage swings occur 

because the wind speed is too low to create enough power 

for the switching technique to function properly The output 

current is shown in figure 16. 

 

Figure 16: Current Output of the buck boost converter. (negative because of the sensor connections) 



 

International Journal of Innovative Research in Computer Science & Technology (IJIRCST) 

 

Innovative Research Publication   109 

 

V. SIMULATION AND RESULTS 

The DC-bus coupled to a resistive load produces the 

following output. 

Current and Voltage output of the DC-bus with load 

connected can be seen in figure 17 The boost converter 

output is modified in the second stage to provide 120V DC 

on the DC-bus. The bus may then be linked to an inverter, 

which will convert the electricity to AC, allowing it to 

connect to typical AC devices and infrastructure.  

 

Figure 17: Current and Voltage output of the DC-bus with load connected. 

The inductors and capacitors in the system are charging, 

which causes the early overshoots. The outputs are also 

stabilized after they are stabilized. 

This novel two-stage multiport design is ideal for small-

scale or micro-grid installations when the sources vary in 

time. The results suggest that the design is stable within its 

constraints. The output is likewise insulated from the 

source variations. 

As simulated by inserting resistors in line with the DC 

voltage source in a separate simulation, the simulation with 

inverters creates dips in the DC bus. 

The DC-bus simulation characteristics are shown in the 

figure 18. 

 

Figure 18: Voltage and Current output of the DC-bus with inverter load connected in standalone simulation. 

The voltage is shown in the upper section, with minor 

transients created by switching in the inverter as it attempts 

to feed the load. The DC bus supply current exhibits the 

similar behaviour, with minor transients induced by 

switching demands before finally delivering the load. 

As a result, the new design appears to operate as intended. 

Increase the scale of the system and include galvanic 

isolation to improve design safety, as well as bigger 

storage media such as batteries to store energy for backup, 

emergency, and load-intensive scenarios. Inverters and 

accompanying protective methods can also be added into 

the system. The system's stability may then be examined 

under various scenarios, such as malfunctions. 

VI. CONCLUSION 

A range of renewable energy sources are combined with 

energy storage in the proposed circuit. Combining 

renewable energy sources with statistical data in order to 

make up for one another can greatly lessen the effects of 

distributed generation. As a by-product of this unification, 

the whole device resilience and throughput will increase. 
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It may be one of two things. give more energy to the load 

or absorb excess energy from the energy sources, 

improving overall system dynamics significantly. 

Fuel cells produce electricity. For lighting purpose we 

make use of the solar as well as the wind radiation. To get 

the power exactly right, we're using buck boost choppers 

and boost choppers. An inverter converts DC to AC for AC 

loads. To maintain consistent electricity during demand, 

we employ renewable energy in our project. 
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