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Abstract— The mounting consumption rate of relic fuels 

causes an imperative pollution impact on the atmosphere, 

unwanted greenhouse gases have drawn universal attention 

towards renewable energy sources. Moreover, in recent 

year’s generation of electricity using the different types of 

renewable sources are explicitly assessed in the commercial 

performance of the overall equipment. This paper focuses on 

the mathematical modelling and analysis of a Photovoltaic 

(PV)- wind energy hybrid generation system. The planned 

system consists of two renewable sources i.e. wind and solar 

energy. Mathematical Modelling of PV array and wind 

turbine is enlightened. 
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I. INTRODUCTION 

Photovoltaic (PV) and wind energy are non-deflectable, site 

dependent, non-polluting, and probable sources of alternative 

energy options. Many countries are pursuing the option of 

wind energy conversion systems; in an effort to lessen their 

dependence on fossil-based non-renewable fuels. In addition, 

presently thousands of PV distributions exist worldwide, 

providing power to small, inaccessible, grid-independent or 

standalone applications. For both systems, variations in 

climatic conditions (solar insolation and average annual wind 

conditions) are important. The performance of PV and wind 

energy systems is strongly hooked on the climatic conditions 

at the location. The power generated by a PV system is highly 

dependent on weather conditions, [i-iv]. In order to reduce 

conversion losses from sources to loads and improve energy 

efficiency, micro-grid (standalone) was projected and had 

been acentral research direction [ii]. All the energy sources 

are mathematically modelled. For future aspect, this data can 

be used for simulation using MATLAB/ SIMULINK as 

software tool to analyse their behaviour. The system is 

feasible and reliable. In this paper, an isolated hybrid PV-

Wind model which contains PV, wind turbines, and AC loads 

is mathematically modelled. The proposed system is shown 

in Fig.1.  

 
Fig. 1 shows the block diagram of the proposed system 

 Proposed system Fig. 1 shows the block diagram of 

the proposed system. The output of solar panel is connected 

to boost converter to step up the dc voltage and fed to the 

three-phase inverter and output of the inverter connected to 

the grid and output of the DFIG is directly connected to the 

grid. 

II. MATHEMATICAL MODELLING OF SOLAR PV CELL 

Solar (PV) systems caging the sunlight and directly convert it 

into electricity. Photovoltaic (PV) cell is the basic element of 

a PV system. A photovoltaic cell is a semiconductor diode 

whose p-n junction is open to the light. When sunlight strikes 

the solar cell junction, free electrons and holes are generated 

and a current is delivered to the load when it is short circuited. 

A grouping of PV cells forms a solar panel. To obtain large 

output voltage solar panels are formed by connecting PV cells 

in series and to achieve large output current cells are 

connected in parallel. Fig.2 shows the equivalent circuit of a 

PV cell. 

 
Fig. 2 Equivalent circuit of a PV cell 

 The basic equation that describes the I-V 

characteristics of the PV cell is given as: 

I= 𝐼𝑝𝑣 − 𝐼𝑜 [𝑒𝑥𝑝 (
𝑞𝑉

𝑎𝑘𝑇
) − 1]   (1) 

Where Ipv, cell = incident light current (which is directly 

proportional to the sun radiation),  

Id = Shockley diode equation 

 Io, cell = reverse saturation or leakage current of the diode 

 q = electron charge (1.60217646 * 10-19 C) 

 k = Boltzmann constant (1.3806503 * 10-23 J/K) 

 T = temperature of the p-n junction 

 a = diode ideality constant 

 The equation (1) of PV cell does not show the I-V 

characteristics of a practical PV array. To observe PV array 

characteristics inclusion of some additional parameters to the 

equation (1) is necessary. Hence the equation is represented 

as: 

I= 𝐼𝑝𝑣 − 𝐼𝑜 [𝑒𝑥𝑝 (
𝑉+𝑅𝑠𝐼

𝑉𝑡𝑎
) − 1] −

𝑉+𝑅𝑠𝐼

𝑅𝑝
       (2) 

In this equation Vt is the thermal voltage and Rs&Rp are the 

equivalent series and parallel resistances. Equation (2) 

describes the single diode model shown in Fig.2. The incident 
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light current of PV cell depends on solar irradiation and is 

greatly affected by the temperature can be expressed as: 

𝐼𝑝𝑣 =  (𝐼𝑝𝑣,𝑛 + 𝐾𝐼Δ𝐼)
𝐺

𝐺𝑛
               (3) 

Where  

Ipv, n = incident light current at nominal conditions (250 C and 

1000W/m2  ) 

∆T = T - Tn (difference between actual and nominal temp)  

G and Gn is the actual and nominal irradiation respectively. 

The reverse saturation current Io also affects by temperature 

which is represented as: 

Io=Io(
𝑇𝑛

𝑇
)

3

𝑒𝑥𝑝 [
𝑞𝐸𝑔

𝑎𝑘
(

1

𝑇𝑛
−

1

𝑇
)]                      (4) 

Where Eg = band gap energy of the semiconductor Io, n = 

nominal saturation current  

 Short Circuit Current- Short Circuit Current is the 

current corresponds to the short circuit condition when the 

impedance is low and it is calculated when the voltage equals 

to zero. 

 I (at V=0) = Isc 

 ISC occurs at the beginning of the forward-bias sweep and is 

the maximum current value in the power quadrant. For an 

ideal cell, this maximum current value is the total current 

produced in the solar cell by photon excitation. 

 Open Circuit Voltage- Open Circuit Voltage is the 

voltage when the open circuit occurs and there is no current 

passing through the cell. The Open circuit voltage is 

calculated when the voltage equals to zero. 

 V (atI=0) = Voc 

VOC is also the maximum voltage difference across the cell 

for a forward-bias sweep in the power quadrant. Voc= Vm for 

forward-bias power quadrant. The open circuit voltage can be 

expressed as 

    𝑉𝑜𝑐 =
𝑁𝐾𝑇

𝑞
𝑙𝑛 (

𝐼𝑝ℎ

𝐼𝑜
+ 1)                                                (5) 

 Fill Factor The fill factor, also known as the curve factor is 

a measure of sharpness of the knee in an I-V curve. It 

indicates how well a junction was made in the cell and how 

low the series resistance has been made. It can be lowered by 

the presence of series resistance and tends to be higher 

whenever the open circuit voltage is high. The maximum 

value of the fill factor is one, which is not possible. Its 

maximum value in Si is 0.88: 

FF=
𝑃𝑚𝑎𝑥

𝑉𝑜𝑐.𝐼𝑠𝑐
 = 

𝑉𝑚𝑎𝑥

𝑉𝑜𝑐.𝐼𝑠𝑐
                                                           (6) 

A larger fill factor is desirable, and corresponds to an I-V 

sweep that is more square-like. No power is generated under 

short or open circuit. The power output is defined as: 

𝑃𝑜𝑢𝑡= 𝑉𝑜𝑢𝑡 . 𝐼𝑜𝑢𝑡                                                                  (7) 

Table 1 shows the electrical parameters that are considered 

for designing the PV array with ambient temperature (Tamb) 

of 28°C and solar insolation of 900w/m2   

 
Table 1: Electrical Parameters for PV array 

III. MODELLING OF WIND TURBINE 

Wind energy systems convert kinetic energy of wind into 

electrical energy or use it to do other work. The kinetic energy 

of air of mass m moving at speed v can be expressed as 

E= 
1

2
𝑚𝑣2 (8) 

m= 𝜌𝐴𝑣𝑡 (9) 

The power of wind- 

                𝑃𝑤= 
1

2
𝜌𝑣3             (10) 

The specific power or power density of a wind site is given 

as- 

              𝑃𝑑𝑒𝑛= 
1

2
𝜌𝑣3                                               (11) 

Where, 

 ρ: Air density.  

A: Rotor swept area. 

 d: Distance (m). 

 m: mass of air =air density*volume = ρ*A*d. 

 v: Distance/time (m/s).  

The actual power extracted by the rotor blades from wind is 

the difference between the upstream and the downstream 

wind powers, 

𝑃𝑚 =
1

2
∗ 𝐾𝑚(𝑉2-𝑉0

2)                                                        (12) 

Where V is the upstream wind velocity at the entrance of the 

rotor blades, V0 is the downstream wind velocity at the exit 

of the rotor blades. Km is the mass flow rate, which can be 

expressed as 

𝐾𝑚=𝜌𝐴
𝑣+𝑣𝑜

2
                                                                      (13) 

P = 
1

2
[𝜌𝐴

𝑣+𝑣𝑜

2
] (𝑣2 − 𝑣𝑜

2)                                                       (14) 

𝐶𝑝 =
1

2
(1 +

𝑣𝑜

𝑣
) [1 − (1 −

𝑣𝑜

𝑣
)

2

]                                             (15) 

       P=
1

2
𝜌𝐴𝑣3𝐶𝑝                                                               (16) 

Cp is called the power coefficient of the rotor or the rotor 

efficiency 

𝑃𝑚 =  .5𝜌A𝐶𝑝(𝜆, 𝛽)𝑣3                                                       (17) 

λ: The tip speed ratio and β: Pitch angle. 

𝑇𝑚 = 
𝑃𝑚

𝜔𝑟
                                                  (18) 

Fig.3 shows the ideal power curve of the wind turbine 

showing different operating regions with three different wind 

speeds i.e. cut-in wind speed, rated wind speed and cut-out 

wind speed. 

 
Fig 3: Power curve of wind turbine 
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IV. CONCLUSION 

Individual study and mathematical representations of Wind 

and PV system has been carried out and this data can be used 

in Matlab/Simulink for hybrid system modelling. This hybrid 

system is more reliable as compared to single energy system. 

V. FUTURE SCOPE 

Research is an unending process and there always exists 

possibility for future research. Following are the future 

research avenues and the areas which can be further explode 

as a continuous research: 

– MPP can be tracked using different algorithms. 

– Battery charge controller can be designed for more 

reliable operation and better battery life  

– Cost can be considered to make it economical. 

– It can be connected to grid system to provide power at 

peak load conditions. 

– It can be used as an alternative to the present power 

generation system as a renewable source of energy. 
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