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ABSTRACT: The use of renewable energy sources has become popular in electrical power generation. In response the
solar energy has been one of the most used research areas. The single diode model is to solve the current equation using
the iterative (Newton’s Raphson) method, it gives the better accuracy, but more number of iteration. So, an explicit
method is used to formulate by the combination of analytical and numerical methods. The use of Lambert W Function
is gives the solution of current and voltage of module which it significantly reduces calculation time. The Single diode
model of current equation is easily solved by the use of Lambert W Function which gives the single equation, and
avoiding the need of iteration. This method is used to analyze the performance of a panel at various level of
environment condition.
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I. INTRODUCTION

Now a day, renewable energy sources has been an increasing interest in electrical power generation among the
different energy sources. Solar energy has been one of the most used research areas. Under the different environment
condition, the various parts of photovoltaic (PV) module which gives the rise to track the maximum power point.
Various approaches for modeling PV are suggested, however the approach that models PV cell with equivalent circuit
comprising of a single diode is very popular. Due to the presence of the diode, the equivalent circuit no longer remains
linear and hence, it is difficult to solve the equations of current and voltage for the PV. One has to rely on numerical
techniques to obtain calculate PV cell’s output current and voltage. Some researchers have even used double diode
model to represent a PV cell. It is difficult to find out the analytical solution of the unknown parameters in this double
diode model just like that in the single diode model approach. Analytical method suffers from limitation that it does not
give the exact solution when the functions are not given. It demands the application of numerical techniques to
compute the current (or voltage) iteratively. One such approach which uses Newton’s Raphson method to calculate the
current iteratively is depicted in [1]. The precision of the formula depends on the number of iterations or the tolerance.
More the iterations, better is the accuracy, but at the cost of more computation time.

An alternative approach, with the aim to reduce the complexity of calculation and reduced number of
iterations is presented in [2]. It is based on the use of Lambert W Function is gives the explicit result of the both current
and voltage equations. This approach gives a single equation to compute the PV current and avoids the need for
iterative solution [2]. The transcendental form of current equation of Single diode model which leads to I-V result gives
the iterative mathematical procedures (such as Newton’s method)is difficult to employ for reproducing the PV cell’s
characteristics. When modelling of larger PV structure (large PV array comprising of series and parallel connected PV
module) is desired using this transcendental equation where each cell (or module) is individually described a one
equation, the task becomes extremely complicated, time consuming and requires sophisticated, fast and advanced
processors. This limitation can be overcome with the Lambert-W function for modelling a PV array. Here the equation
of the PV cell is expressed in an explicit formula of both voltage and current equation [1]. Lambert W Function gives
the direct relationship between current and voltage of module and hence, it reduces the calculation time. To overcome
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the limitation, an improved explicit formula using Lambert W, which combines both numerical and analytical method
to find the current and Voltage is described in [2,3].

1. PV MODELING
Single Diode Model of Electrical equivalent circuit of PV cell

Different electrical equivalents for modeling Photovoltaic are used, but the approach that models PV cell with
equivalent circuit comprising of a single diode model is very popular as it combines simplicity, better accuracy and less
number of unknown parameter. In a single diode model circuit is used the current equation with a series resistance and
shunt resistance represent the power losses. Fig.1 shows Single diode of an electrical equivalent circuit model of a
photovoltaic cell with considered the series resistance Ry and shunt resistance Rq,. The equation gives the relation
involving the output current (1) and terminal voltage (V) under the environment condition. Apply the Kirchhoff’s rule
the terminal current is expresses as. [4]

q(V+IRg)

1=1ph—15(e AKT —1)

V+IRg

(1)

Rsh

Where, Iy, and I are the photo-generated current and diode saturation current of photovoltaic cell, respectively. The
series and shunt resistance is Rs and Rgy, respectively, the diode quality factor is defined as A, the Boltzmann’s constant
k =1.38x10723J/K, the cell temperature is T in Celsius, the electronic charge q=1.6x10"°C. The evaluated of
photovoltaic cell is operated under the Standard Test Condition(STC) , in which the value of irradiance is 1000W/m?
and the temperature is 25°C. [4]
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Fig.1 The single diode model of a PV cell [5]

The non-linear equation (1) is solved by the iterative (Newton’s Raphson) method, the curve for a module can be
obtained by the equation (2)-(7). Still some data required for the module is obtained from the PV module datasheet.
Hence, to solve equation (1) the value of voltage (V) and current (ls.) at different temperature T; & T, is the equation

(2)[4]
Iy = Is(ryy % (T/Tl)% x e<%}iq)x(%_T_11) 2

Here, the energy gap of the material is defined as V

Ipn = Lpp(T1) % (1 + Ko(T = T1)) : @)
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The equation of series resistance is computed the following equations
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The Explicit Formula of a PV cell Model Using the Lambert W Function

A PV cell of current equation mathematically solved by the Newton’s Raphson method is difficult to employ
the Large PV structure.[1] When reach the level of entire PV structure it is difficult to solve Newton’s method because
in large PV structure all cell is individually described by a only one equation, so task becomes complicated, rising the
convergence issues. To overcome this limitation Lambert W Function is used to the explicit results of current and
voltage equations. The Lambert W Function W(z) is defined as equation (8).[6,7]

z = w(z)e"® (8)
The mathematically relation the equation (8) is applied to equation (1) in order to obtained the equation for the

cell gives the explicit results of current and voltage equation. By solving equation (1) with the Lambert W method the
equation of the output current as the function of output voltage as given in equation(9). [5]

Rep (RsI,p,+Rslo+V
LambertW( Sh( ph )>
[=__Y _ "Ven(Rs+Rsn) ), Rsn(otIpn) ©)
RS+RSh RS RS+RSh

The characteristic of current-voltage is obtained using the equation (9). Fig.2 show the algorithm to the Lambert
W Function used in single diode model of current equation. The first step is considered the value of (k, g, A, Vo and lg)
from the datasheet. Next step is calculate the value of diode saturation current (l), generated photocurrent (l,,) and
series resistance (Rs) using the equation (2), (3) and (6) respectively. Applied the current equation(9) as the function of
voltage using the Lambert W Function.
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Calculate the value of saturation current using the equation
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Calculate the value of photo current using the equation

Lo = Ipn (T) X (1 + Ko (T - T.))

l

Caleulate the value of series resistance using the equation
_—dV _1
Re=""amy,,~1x,

l

Apply the current equation (9) using the Lambert W
Function

Fig.2 Flowchart for the algorithm to the Lambert W Function

I11. SIMULATION RESULTS

The performance of PV module characteristics using the Lambert W Function operated under different
irradiance and different temperature condition. The power produced by a PV module depends on electrical
characteristics (current and Voltage) and atmospheric condition. The simulation results obtained in this section are
using in MATLAB/Simulink.

The Solar MSX60W PV module (or array) is considered for the simulation study. PV module specifications
are shown in Table I. The performance of module operated under Standard Test Condition(STC), the value of solar
irradiance and temperature is considered 1000W/m? and 25°C respectively. [4]

Table I. Specifications of Solar MSX60W PV module

Sr No. Parameter Value Unit
1. Open Circuit Voltage (Vo) 21.0 Volts(V)
2. Short Circuit Current (1) 3.74 Ampere(A)
3. Voltage at Maximum Power Point (V) 17.1 Volts(V)
4. Current at Maximum Power Point (I 3.5 Ampere(A)
5. Maximum Power (Pp,) 59.9 Watt(W)
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The power produced by a PV module depends on electrical characteristics (current and voltage) and
atmospheric condition. The current & voltage relationship of a PV module operating conditions is essentially for the
determination of their power output. The current-voltage I-V Characteristic curves at various solar irradiance levels and
Temperatures as in Fig.3 and Fig.4 respectively.[2] The short circuit current (ls) is defined as when the output voltage
V=0 and the open circuit voltage (V) is defined as when the output current I=0. The current (Isc) is proportional the
solar irradiance and at that time voltage (Voc) is increases logarithmically with solar irradiance. If short circuit current
increases the solar irradiance is also increases as shown in Fig.3. The temperature is inversely proportional to the
voltage (Voc). As temperature increases leads to open circuit voltage is decreased as shown in Fig.4. [2]
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The Power-voltage curve for different solar insulation and temperature levels as in Fig.5 and Fig.6

respectively. Figure shows that whenever temperature is increase it leads to decreases the open circuit voltage (Voc)
and slightly increasing the short circuit current(lsc) [2].

IV. CONCLUSION

The simulation results of a photovoltaic device by the Lambert W Function operated under the different environment
conditions (irradiance and temperature) is presented. This method is reproduced the characteristics of the single diode
model the photovoltaic cell. It is non-iterative method and gives the single iteration, no need the initial value for the
parameter calculation. The current-voltage (I-V) and the power-voltage (P-V) curves obtained from this method are
matching with the curves drawn from the PV module (Newton’s method) at standard test conditions. Also it described
that the Lambert W Function gives the little calculation as compared to the Newton’s method for single diode model.

G=

V. NOMENCLATURE

Solar irradiance (W/m?)

k = Boltzmann’s constant (1.38x107%% J/K)

q = Electronic charge (1.6x10™%° C)

T = Cell temperature of a photovoltaic cell (°C)
I = Output current of a photovoltaic cell (A)

Is = Diode Saturation current (A)

Ion = Light generated Photo-current (A)

A=
V=

Diode quality factor
Output voltage of a photovoltaic cell (V)

Rs & Ry, = Series and Shunt Resistance

W =

Lambert W Function

Isc = PV module of Short circuit current (A)
Vo = PV module of Open circuit Voltage (V)
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(5)
(6)
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