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Abstract— This paper elaborates the performance of DC and 

AC micro grid involving solar and wind based hybrid system. 

Here solar photovoltaic system is extracting maximum 

energy from sunlight by using Maximum Power Point 

Tracking method. The Maximum Power Point mainly relies 

on temperature of cell, solar irradiance and array voltage of 

the solar Photovoltaic array. The performance of PV 

generator is analysed with and without MPPT under various 

conditions of solar irradiance. By implementing d-q frame 

current control method in inverter control system, the reactive 

power control can be achieved efficiently. Also the voltage 

profile at the load side is maintained constant for varying 

solar irradiance and load conditions. The generated power is 

sent to local loads initially and then the remaining power is 

transmitted to the utility grid. On the other hand, depending 

on the wind velocity, wind turbine rotates and energises an 

permanent magnet synchronous generator to feed power to 

the local loads and then to the utility grid.. The MATLAB 

simulation tool is used to simulate solar and wind based 

hybrid system. 
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I. INTRODUCTION 

The solar photovoltaic arrangement may be situated in place 

where sun’s energy is readily obtainable. Significant sake of 

installing photovoltaic plant is, no portable equipment’s 

which in turn provides little repairs and longer life span. This 

boon made the photovoltaic structure further eye-catching for 

generating power and enlargement of distribution structure. 

The objective is to construct a solar and wind based hybrid 

system aimed at green energy, the hybrid system won’t 

discharge carbon-dioxide into the atmosphere which is a 

foremost support to universal heating [1].Proliferation of 

renewable energy sources (RES), together with ever more 

electronic loads and electric vehicles (EVs) in modern power 

networks has prompted an idea of considering the application 

of low-voltage dc distribution to areas far beyond the 

traditional dc distributed power systems or power supplies for 

telecom stations, data centres and vehicular electric power 

systems [2]. The power output of solar system cell is typically 

very low and to extract the maximum power output from a 

solar cell, MPPT techniques like incremental conductance 

and perturb and observe method are used [3]. The theory 

behind the incremental conductance method (IC) is to 

determine the terminal voltage of the PV module by 

measuring and comparing the incremental and instantaneous 

conductance of the PV module [4]. Wind energy has 

experienced the highest growth in last 10 years. This is just 

because wind energy is a pollution free resource which has 

inexhaustible potential and also delivering the competitive 

cost advantage over others [5].  The energy in wind is one of 

the hygienic and rapid bases of electricity. A device that 

creates mechanical power by transforming the kinematic 

energy in the wind is called wind turbine. This mechanical 

power may transform to electricity via electric generator or 

mechanical power may utilize for water pumping.By 

connecting the PV cells in series and parallel combination we 

can produce the desired power [6]. 

II. INCREMENTAL CONDUCTANCE METHOD 

The incremental conductance mode estimates the Maximum 

power Point by relating the instantaneous conductance and 

incremental conductance of the photovoltaic component. 

When these 2 are identical, the output voltage is the 

maximum power point voltage. The supervisor will hold the 

maximum power point voltage till the solar irradiation varies. 

At MPP, the gradient of the power curvature can be expressed 

as   
dI

dV
= −

I

V
 

If (
dI

dV
) < 0 maximum power point swings in the direction of 

left side to obtain maximum power and if (
dI

dV
) > 0, maximum 

power point swings in the direction of right side to obtain 

maximum power. 

 
Fig. 1: Behavior of Incremental Conductance 

 
Fig. 2: Incremental Conductance Flow Chart 
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From the above flow chart, dv=v(k) –v(k-1) 

represents comparison of voltage instant to the previous 

instant and dI=I(k) – I(k-1) represents comparison of current 

instants to the previous instant and then checks whether the 

change in voltage ie dv = 0 or not. If the change in voltage dv 

= 0 then that it will check whether the change in current ie dI 

= 0 or not. If dI = 0 , so that is the maximum power point and 

no need of changing pulse width modulation and controller 

with update voltage and current. So if there is change in 

current is occurred then it increases the duty cycle else 

decrease the duty cycle. In similar way if change in voltage is 

not zero then it will check  
dI

dv
= −

I

v
 . If it is yes then controller 

will update voltage and current and if no it will check whether 
dI

dv
> −

I

v
  if yes it will increase duty cycle else decrease the 

duty cycle. 

III. BOOST CONVERTER 

A boost converter also called step up converter is a switch 

mode DC-DC power converter whose output voltage is 

always higher than input voltage i.e. Vo >Vin. It is a type of 

switch mode power supply enclosing minimum 1 energy 

storing device whichever a inductor or capacitor or together 

and anyway 2 semiconductor devices, a transistor and a 

diode. 

A. Principle of Boost Converter 

The circuit diagram of a boost converter (step up operation) 

is as shown in figure 3: 

 
Fig. 3: Step Up Converter 

When the switch is closed, the diode prevents the 

capacitor (initially charged for maximum value) from 

discharging so the output voltage remains same, but now we 

have a current path from input through the inductor straight 

to ground. If we close the switch, basically we short circuiting 

the input through the inductor so we have to close the switch 

for fraction of seconds just long enough for some current just 

start flowing through the inductor. When we do this we are 

storing energy in the form of magnetic field now we have 

some current flowing through inductor and therefore we have 

some energy stored in the inductor. Now we can quickly open 

the switch since current in inductor can’t change instantly, the 

current has to flow through the inductor, diode and output 

capacitor and output voltage increases and inductor current 

falls. A boost converter now boosted the output voltage. Here 

we are controlling the switch with high frequency pulse width 

modulation square wave. By increasing pulse width we can 

increase the output voltage. 

Vout =
Vin

1 − D
 

Where D = Duty cycle =
Ton

T
 

 

Where T = Ton + Toff 
The above equation works only for low current but 

in real world the output voltage we get is a function of duty 

cycle, inductance value, switching frequency, output current 

and many more things.       

B. Design of Step up Converter 

The capacitors are located at the terminus; a resistor and 

inductor are sited at the middle of the knobs of IGBT (used 

as a switching device) and capacitor. The diode is sited at the 

middle of the knob of IGBT and capacitor in command to 

shun the current reverse. The duty cycle is the one of the input 

of the system acquired from Maximum power point tracking 

system [3]. One more input is frequency of switching which 

is secured to five kilohertz and amplitude is secured to 1.  

 
Fig. 4: Design of Step up Converter 

C. Voltage Source Converter Controller 

Voltage, power factor (P.F), and phase are to be occupied 

carefully in command to preserve the synchronization and to 

accomplish this, voltage source converter supervisor is 

needed. 

1) Control of Voltage 

The voltage of inverter is related with the voltage reference, 

and then the signal goes to the Proportional integral regulator. 

The Proportional integral regulator lessens the defect signal. 

In command to activate the inverter gates, the output of 

regulator is handed via numerous blocks of control to produce 

the signal of voltage reference. 

2) Control of Current 

By relating the current reference from the network to the 

inverter current, a fresh reference voltage is created to drive 

the gate signals for inverter. The current supervisor is cast-off 

to outrival unbalancing since d-q theory of transformation 

won’t seem decent for system of unbalance. 

D. Regulator for Inverter 

The regulator system useful for inverter uses 2 loops of 

control, an interior loop of control which regulates Iq and Id 

network currents and an exterior loop of control which adjusts 

voltage of DC link. The concerns of power quality like good 

P.F and minor THD are delivered by current loop of control 

and the flow of power is well-adjusted by voltage loop of 

control.  
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Fig. 5: Synchronous Rotating d-q Reference Frame Control 

 
Fig. 6: SIMULINK Block of Main Controller 

IV. WIND TURBINE MODEL AND PMSG 

The speed of generator in P.U. of the generator base speed is 

the 1st input. The basic rapidity is itself synchronous speed for 

a PMSG. The speed generating nominal voltage at zero loads 

is called base speed [5]. The pitch angle in deg. is the 2nd input 

and wind energy in meter per second is the 3rd input. The 

torque useful to the shaft of generator in p.u. is the outcome 

of wind turbine model. 

 
Fig. 7:  Wind Turbine Model 

The permanent magnet synchronous generator is a 

sort of synchronous machine where enduring magnets are 

used as a substitute of DC excitation circuit. The losses of 

electrical in the outer circuit are omitted owing to the survival 

of permanent magnets in the outer circuit of permanent 

magnet synchronous generator. 

V. DC AND AC MICROGRID 

AC microgrid comprises of solar photovoltaic array, boost 

converter, inverter, wind energy system, power factor 

correction capacitor & loads. Here the output voltage of solar 

PV array is served as the input to the step up converter that 

offers output voltage greater than the input voltage i.e. Vout> 

Vin. The output voltage of boost converter in turn served to 

power inverter. A power inverter is an electronic device that 

alters direct current (DC) to alternating current (AC). The 

power is delivered by the DC source; the power inverter 

won’t offer any power. The generated electrical power is 

directed to the utility grid via step up transformer. On the 

other side, wind energy system consists of wind turbine and 

PMSG. The W.T alters kinetic energy of wind into 

mechanical power. The mechanical power is given as input to 

the PMSG to generate electricity. This electrical power is 

served to the utility grid via step up transformer. 

 
Fig. 8: Block Diagram of AC Microgrid 

The overall block diagram of DC and AC microgrid 

involving solar and wind based hybrid system as shown in the 

below figure 9. 

 
Fig. 9: Overall Block Diagram of DC and AC Micro Grid 

VI. SIMULINK MODELS RESULTS  

 
Fig. 10: AC Microgrid 
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Fig. 11.  Solar PV system with DC loads 

 
Fig. 12: Wind Energy System with DC Loads 

 
Fig. 13: DC and AC Microgrid 

 

 

 

 
Fig. 14: Solar Power Output 

Figure 14 represents the solar output power which is 

product of solar output voltage and current which is about 

92.85kW (without MPPT Controller) and 100.47kW (with 

MPPT controller) at STC. 

 
Fig. 15: Grid Voltage 

 
Fig. 16: Grid Current 

The figure 15 and 16 represents the grid voltage and 

grid current. The grid power is obtained by multiplying the 

grid voltage and current which is about 98.7kW as shown in 

figure 17. 

 
Fig. 17: Grid Power 

 
Table 1: Power to utility grid 

The wind power is obtained by multiplying wind 

output voltage and current which is shown in figure 19 and is 

mainly depends on wind speed i.e. as wind speed increases 

the output power also increases and vice versa. The wind 

speed is shown in figure 18. 
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Fig. 18: Wind speed 

 
Fig. 19: Wind Power 

 
Table 2: Wind Power Output 

 
Fig. 20: Hybrid Grid Power 

The hybrid grid output power shown in figure 20 is 

obtained from hybrid solar PV and wind energy system. 

 
Fig. 21: Active and Reactive Power Control 

The solar PV arrangement coupled to a grid yields 

only real power[6]. The photovoltaic system does not engross 

or make reactive power. The loads are allied to the solar PV 

system over DC-DC power converter. In order to regulate real 

power, the current and voltage of solar PV system are 

changed using MPPT technique, since inverter is connected 

to solar PV arrangement, the reactive power can be added to 

the utility effortlessly [1]. By altering the current and voltage 

position of inverter, the reactive power can be united into the 

system as shown in figure 21. The phase currents of inverter 

[abc] are resolved into d-q reference frame i.e. Iq and Id from 

synchronous reference frame. The q axis current is intended 

to reactive power whereas d axis current is intended to real 

power. The q-axis current is destined to regulate reactive 

power with slightest harmonic contented whereas d-axis 

current is destined to regulate real power and to preserve 

inverter dc link voltage. 

 
Fig. 22: 380V DC Waveform 

 
Fig. 23: 300V DC Waveform 

The voltage waveforms of Data centre and electric 

charging vehicle station [2] are shown in above figures 22 and 

23. The voltage required for data centre is 380V DC and 

electric charging vehicle is 300V DC.                                                  

VII. CONCLUSION 

The goal of the project is to improve and simulate the wind 

and solar based hybrid system to meet the native loads 

primarily and then furnish the extra power to the grid. The 

complete solar and wind system is verified with changing 

solar irradiance and speed of wind to control the performance 

of overall structure. The simulation outcomes display higher 

consistency for generation of electrical power. The solar and 

wind speed hybrid structure will put effort for meeting the 

native loads and delivering power to the dummy utility. For 

maximising the outcome of solar PV system, the incremental 

conductance technique is realised. In inverter controller, the 

current control technique of d-q frame is implemented to 

efficiently regulate reactive power. Also the voltage profile at 

the load side is maintained constant for varying solar 

irradiance and load conditions. 
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