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Introduction 

The rapid growth in power electronics techniques 
makes the feasibility in hybrid scheme generation 
using wind and photovoltaic system [1]. The 
renewable energy systems can be used to supply 
power either directly to a utility grid or to an 
isolated load. The stand-alone systems find wider 
application as water-pumps, for village 
electrification, supply of power to isolated areas 
which are far away from the utility grid [2]. 
Generally, PV power and wind power are 
complementary since sunny days are usually calm 
and strong winds often occur on cloudy days or in 
night time. The hybrid PV-wind power system 
therefore has higher availability to deliver 
continuous power and results in a better utilization 
of power conversion and control equipment than 
with of the individual sources [3]. Further hybrid PV-

wind scheme has environmental benefits such as 
reduction of carbon emission due to use of 
renewable energy sources [4]. In case of stand-
alone wind power generation system with a 
permanent synchronous generator, it is necessary to 
provide a dynamically variable reactive power to 
maintain constant output voltages [5-8]. But in case 
of solar-wind hybrid scheme the necessary reactive 
power under varying rotor speed or load can be 
achieved by providing a three-phase fixed 
frequency pulse width modulation (PWM) inverter 
fed from the photovoltaic array. In this paper fuzzy 
logic controller is designed to vary the duty-cycle of 
the DC-DC converter such that to maintain the load 
voltage constant under varying rotor speeds or 
loads. Thus, the improved fuzzy logic based MPPT is 
implemented for the hybrid system which provides 
maximum power and helps to attain a stable and 
reliable power from the generation system both for 
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This paper proposes a detailed review on Hybrid power system with solar in addition with MPPT 
controllers. The renewable energy sources such as solar energy and Wind energy are 
complementary by nature. Utilizing these natural resources to produce power will reduce the power 
demand on the conventional power generation sector. One of the applications of Solar-Wind hybrid 
power system is to reduce the amount of power consumed from the conventional power generation 
to charge the storage reserves present in the system. The Solar-Wind hybrid power system 
comprises of Photovoltaic array, wind turbine, Permanent Magnet Synchronous generator (PMSG), 
controller and converter. The efficiency of the Solar-Wind hybrid power system depends on the 
MPPT controller, which makes the Photovoltaic (PV) and wind power generation system to operate 
at its maximum power. A new approach Fuzzy logic based voltage controller is proposed for hybrid 
generation scheme using solar and wind energy for isolated applications. The fuzzy logic controller 
is designed to vary the duty-cycle of the DC-DC converter automatically such that to maintain the 
load voltage constant. The hybrid scheme comprises one set of fixed capacitor bank and a parallel 
connected three-phase fixed frequency Proportional Integration (PI) based pulse width modulation 
(PWM) inverter fed from the solar panels which provide the reactive power requirements to the 
permanent synchronous generator. The complete system is modelled and simulated 
MATLAB/Simulink environment. Results from simulations and laboratory tests show that the MPPT 
and dynamic characteristics is inherent. 
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the loads and the utility grid, thus improving both 
the steady and dynamic behaviours of the whole 
generation system [4]. Fuzzy logic control is 
proposed in this paper to manage the power flow of 
the system according to the load power demand 
and hence boost the performance of the single 
phase grid-connected hybrid system. In this paper, 
both the grid connected inverters are designed with 
unique control strategy which solves the problems 
discussed. 

HYBRID POWER SYSTEM MODELING 

Hybrid power system consists of three different 
stages: the power generation stage, converter / 
controller stage and the distribution stage.  The 
dynamic and steady-state behavior of the hybrid 
scheme under varying rotor speed and load can be 
predicted using the equivalent circuits. In this 
section, the dynamic simulation model of PV and 
wind turbine with PMSG is described. The 
developed model consists of PV array, dc/dc boost 
converter to achieve the desired output voltage 
using wind turbine, PMSG, ac/dc diode rectifier, 
dc/dc boost converter with MPPT. The block 
diagram of developed model is shown in Figure 1. 

 
Fig.1. Block Diagram of Hybrid System 

Modeling of PV modules in MATLAB, Simulink: 

General mathematical models of PV cell were 
proposed by various researchers. A two-diode 
model of PV cell is selected whose equivalent circuit 
diagram is shown in Fig. 2. 

 

Fig. 2. Equivalent circuit of two-diode model of PV 
cell 

The mathematical model of two-diode PV cell 
performance is better as compared with the 
numerous models of single-diode model of PV cell 
and also under low illumination levels, two diode 
model of PV cell exhibits better performance.  

The two-diode PV cell shown in Fig. 2 consists of 
Photo-generated current (Iph), two diodes with 
diode currents (Id1, Id2), Series Resistance (Rs), Shunt 
Resistance (Rp), output voltage (V) and PV current (I 
or IPV). The relation between the output current and 
voltage can be obtained by using Kirchhoff’s 
Current Law (KCL). 

IPV = I PH − ID1 − ID2 − ISH  (1) 

Where, ID1, ID2 are the diode currents due to 
diffusion; 

ID1 = IS1 [exp (q * V / N1 * k * T) - 1]        (2) 

ID2 = IS2 [exp (q * V / N2 * k * T) - 1]        (3) 

Where, Is1, Is2 are the reverse saturation currents of 
diode D1, D2, q is the charge on electron (1.602*10-19 
C), V is the cell output voltage, N1, N2 are the 
quality factors of diode D1, D2, k is the Boltzmann 
constant (1.38*10-23), and T is the junction 
temperature. The practical PV modules have the Rs 
and Rp as indicted in Fig. 2. These parameters are 
incorporated to build the mathematical model of PV 
cell to replicate the practical PV cell. 

ID1 = IS1 [e (V + R*I / N1 * Vt) - 1]              (4) 

ID2 = IS2 [e (V + R*I / N2 * Vt) - 1]              (5) 

where, Vt = (N * k * T) / q  is the thermal voltage of 
the module with Ns being number of cells 
connected in series, current in the shunt resistance 
is given by 

ISH = (V + Rs * I PV) / Rp                      (6) 

Substituting (4), (5), (6) in (1) we get the relation 
between the voltage and current of the two diode 
equivalent of the PV cell. A number of approaches 
for cells and modules parameter determination can 
be adopted using the datasheet parameters 
specified by manufacturer or measured. The 
performance of solar cell is normally evaluated 
under the standard test condition, where an average 
solar spectrum at AM 1.5 is used, the irradiance is 
normalized to 1000W/m2, and the cell temperature 
is defined as 25ºC. The specifications of the solar 
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panel listed in Table I are used and implemented in 
the proposed power hybrid system. 

Table I: Specification of Solar Panel 

Specification Value 

 

Peak power output in 
voltage 

 

700 V 

Maximum power voltage 650 V 

Maximum power current 

 

6.75 A 

No. and type of cell (9 x 36) cells 

Working temperature 

 

-40°C ~ 90°C 

 

The perturbation of the output power is achieved by 
periodically changing (either increasing or 
decreasing) the controlled output power. 

Modelling of Wind Turbine in MATLAB, 
Simulink: 

Among various types of wind turbines, the 
permanent magnet synchronous generator, which 
has higher reliability and efficiency, is preferred in 
the proposed scheme. The available power of wind 
energy system and the mechanical power that is 
generated by the wind are presented as equation 
given: 

P wind = ½ (ρ A V3) 

Pm = ½ (ρ A V3 Cp λβ) 

Where, ρ is the air density (kg/m³), A is the area of 
the turbine blades (m²), V is the wind velocity (m/s), 
and Cp is the power coefficient. The power 
coefficient is a nonlinear function that represents 
the efficiency of the wind turbine to convert wind 
energy into mechanical energy. It depends on two 
variables: the tip speed ratio (TSR) and the pitch 
angle. The TSR (λ) refers to a ratio of the turbine 
angular speed over the wind speed. The pitch angle 
(β) refers to the angle in which the turbine blades 
are aligned with respect to its longitudinal axis. 

The specifications of the wind turbine are listed in 
Table II. 

Table II: Specification of Wind Turbine 

Specification Value 

 

Rated power 2500 W 

Maximum power 2250 W 

Nominal voltage 650 V 

Start-up wind speed 2.0 m/s 

Rated wind speed 10 m/s 

  

MPPT Tracking in PV System: 

The characteristic of solar cell is dependent upon 
the insolation, temperature and array voltage. Thus 
it is necessary to implement MPPT in order to move 
the operating voltage close to maximum power 
point under changing atmospheric conditions. 
MPPT in solar is important because it reduces the 
solar array cost by decreasing the number of solar 
panels needed to obtain the desired output. V-I 
characteristics of the solar array neglecting the 
internal shunt resistance is given by;  

I0 = Ig – I sat [ exp q(V + Rs * I ) / AKT -1 ]                           
(7) 

Here A is dimensionless factor. 

SYSTEM CONTROL STRATEGY 

The control strategy of grid connected PV – Wind 
Hybrid system inverter consists of three parts. 

i. Direct and quadrature axis current reference 
generator 

ii. PLL and d-q frame generation of grid voltage and 
current 

iii. Conversion voltage generation and PWM reference 
generation. 

iv. Fuzzy logic controller using for control MPPT of 
system. 

Fuzzy Logic MPPT Controllers 

The conventional PI controllers are fixed-gain 
feedback controllers. Therefore they cannot 
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compensate the parameter variations in the process 
and cannot adapt changes in the environment. PI 
controlled system is less responsive to real and 
relatively fast alterations in state and so the system 
will be slower to reach the set point. On the other 
hand P&O method for MPPT tracking will not 
respond quickly to rapid changes in temperature or 
irradiance. Therefore the fuzzy control algorithm is 
capable of improving the tracking performance as 
compared with the classical methods for both linear 
and nonlinear loads. Also, fuzzy logic is appropriate 
for nonlinear control because it does not use 
complex mathematical equation. The two FLC input 
variables are the Irradiation from sun and change of 
error (Vref). The behaviour of a FLC depends on the 
shape of membership functions of the rule base. In 
this paper a fuzzy logic control scheme Fig. 3 (a-d) 
is proposed for maximum solar power tracking of 
the PV array with an inverter for supplying isolated 
loads. They have advantages to be robust and 
relatively simple to design since they do not require 
the knowledge of the exact model. On the other 
hand the designer needs complete knowledge of 
the hybrid system operation. 

 
Fig. 3 (a) : Fuzzy logic control scheme 

Fuzzification 

The membership function values are assigned to the 
linguistic variables using five fuzzy subset called 
negative Big (NB), negative medium (NM), zero (ZE), 
positive medium (PM), positive Big (PB). Fuzzy 
associative memory for the proposed system is 
given in Table-III. Variable error and coefficient are 
selected as the input variables, where e is the error 
between the reference voltage (Vr) and actual 
voltage (Vo) of the system, coefficient is the change 
in error in the sampling interval. The output variable 
is the reference signal for PWM generator. 
Triangular membership functions are selected for all 
these process. The range of each membership 
function is decided by the previous knowledge of 
the proposed scheme parameters. 

 

 
Fig. 3 (b): Membership function plots for ‘Irradiation’ 

 
Fig. 3 (c): Membership function plots for ‘Vref’ 

 
Fig. 3 (d): Membership function plots for ‘output’ 

Table III. Fuzzy associative memory for the 
proposed system 

 
Inference engine 

Inference engine mainly consist of Fuzzy rule base 
and fuzzy implication sub blocks. The inputs are 
now fuzzified are fed to the inference engine and 
the rule base is then applied. The output fuzzy set 
are then identified using fuzzy implication method. 
Here we are using NEGATIVE-POSITIVE fuzzy 
implication method. 
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Defuzzification 

Once Fuzzification is over, output fuzzy range is 
located. Since at this stage a non-fuzzy value of 
control is available a defuzzification stage is needed. 
Centroid defuzzification method [13] is used for 
defuzzification in the proposed scheme. 

RESULT AND DISCUSSION 

The PV-wind hybrid system model presented in fig. 
1 was used for the test system. The hybrid model 
consists of 2.5 kW of wind turbine generator system 
and about 5 kW of PV generation system. Both 
renewable energy sources were emulated through 
three phase controlled current sources.  

 
Fig.4 Waveform of PV system voltage 

The maximum power from the inverter is assumed 
to be 7000 Watt. The maximum allowable frequency 
change is assumed to be ±2% of nominal 
frequency. Based on that information, the droop 
coefficients for PI based PWM can be calculated. 
The simulation was run for 2 sec in 
MATLAB/SIMULINK. Load is increased from 7 kW to 
9 kW at t= 0.5 sec. throughout the simulation time, 
the output power from the renewable energy 
sources is assumed to be constant. The output 
characteristic from the renewable sources and the 
step change in load side characteristics is depicted 
in fig.4. 

 
Fig.5 Waveform of wind system voltage 

 

 

Maximum Power Point Tracing (MPPT) Response 

Wind with PV energy conversion system has been 
receiving widest attention among the various 
renewable energy systems. Extraction of maximum 
possible voltage from the available wind power has 
been an important for voltage generation. The point 
of operation of crest power of PV with wind 
generator output is traced by a maximum power 
point tracing system is shown in the Fig. 6 given 
below. Output voltage of wind generator at which 
maximum power is achieved is shown in the figure. 
Maximum Power Point Tracing (MPPT) is achieving 
around within 0.2 sec which is the good notation for 
wind renewable generation system. There is a 
continuing effort to make converter and control 
schemes more efficient and cost effective in hopes 
of developing an economically viable solution to 
increasing environmental issue. 

Fig. 6 Output Voltage of PV with wind generator at 
MPPT 

Fig. 6 shows that MPPT Voltage of PV with wind 
power non convention renewable energy system 
with fuzzy logic controller and without controller, 
Dark brown shown represent that MPPT of system 
with fuzzy logic controller which is very clear and 
stable operation for MPPT, Blue represent that 
MPPT without controller which are very thrust in 
operation. 

 
Fig. 7 Output Power of PV array at MPPT 

The point of operation of crest power of PV with 
wind generator output is traced by a maximum 
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power point tracing of Photovoltaic Array system is 
shown in the fig 7 given below. Output Power of PV 
array at which maximum power is achieved is shown 
in the figure. Maximum Power Point Tracing (MPPT) 
is achieving around just 0.1 sec which is the better 
notation for PV array with wind renewable 
generation system. It ensures that the PV array with 
wind provides the correct amount of current for 
operation at the maximum power point so that the 
load is always supplied with the maximum possible 
power generated under the given atmospheric 
conditions. Relatively a high cost MPPT is a viable 
option in high power systems where the cost of the 
gain in power is higher as compared to the price of 
the MPPT unit. The representation of power in this 
simulation has about 12-15 KW for both include PV 
with wind generation system. 

Output Voltage and Current Response 

The behaviour of the photovoltaic wind based 
hybrid power unit is studied for rural area 
conditions. The voltage varies from 280V to 300V 
and the frequency remaining almost constant at 
48.5 Hz. In the simulation the frequency is kept 
constant at 48.5 Hz and the voltage (V) is varied 
from 280 V-300 V. From the simulation results of 
output voltage and current behaviour the critical 
values are chosen and the results are shown in the 
Fig 8 – Fig. 9. 

 
Fig.8: Output Voltage of hybrid wind generator and 
PV array 

Fig.8 shows the three phase output Voltage of 
hybrid wind generator and PV array which 
maintained about 280 - 300 volt which is the 
enough for remote area. 

 
Fig.9 output current of hybrid wind generator and 
PV array 

Fig.9 shows the three phase output current of 
hybrid wind generator and PV array which 
maintained about 8 - 10 Amp. 

Conclusion 

The study on power quality of grid-connected 
wind/PV hybrid generation system was conducted 
at the designing stages of the mixed renewable 
sources hybrid control system. The power electronic 
interface and its control strategies were proposed 
for maximum power generation of the hybrid 
system with grid interface. Here, the dynamic 
analysis models of the system components and 
power control strategies were addressed. The 
modelling, along with the simulation study was 
carried out based on Matlab 2013 (a). The 
simulation results showed the excellent 
performance of the hybrid control in response to 
severe changes in wind speed and solar intensity 
conditions. Control and analysis of hybrid systems 
with fuel cell generation or battery storage will be 
followed in the future work. 
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