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ABSTRACT

This paper presents a simple method of optimizZimeggghotovoltaic (PV) generator based on
the one diode electrical model. The method consistsolving a second degree equation
representing the derivative of the power functidhe maximum current and voltage are
determined, and the maximum power is deduced. Toylar types of photovoltaic panels
constructed with different materials have been icamed for the test: the multi-crystalline
silicon (Shell S75), and the mono-crystalline siigShell SP70). For various environmental
conditions, a comparative study is done between sihaulated results and the product
manufacturer data. The obtained results provefflfigemcy of the proposed method.

Keywords: model; photovoltaic generator; power function;im@ing, maximum power.

Author Correspondence, e-mailbenzieba@yahoo.fr

doi: http://dx.doi.org/10.4314/jfas.v8i2.17

Journal of Fundamental and Applied Sageris licensed underGreative Commons Attribution-NonCommercial 4.0
International LicenseLibraries Resource DirectoryVe are listed undéesearch Associatiomsitegory.




R. Zieba Falamaet al. J Fundam Appl Sci. 2016, 8(2), 426-437 427

1. INTRODUCTION

Solar energy applications have been increasingugidthroughout the world. This is due to
the decrease in the cost of PV panels with theasing demand, and the increase in duration of
use (lifetime). Photovoltaic is very competitiveaneas far from the conventional electricity
network. However, its exploitation requires a cqgoim® and implantation of a production
system which also require a good sizing in ordeavimid losses or lack of energy.

The evaluation of the maximum power produced by aenerator is very important to size a
PV system. Several models have been developeddodae the maximum power produced

by a PV generator. In general, two main approaehesound in the literature [1, 2].

Nomenclature
| : Cell current (A)
\% : Cell Voltage (V)
lph : Light current (A)
Ip : Diode current (A)
lsh : Shunt current (A)
lo : Saturation current of the diode (A)
loref : The reverse saturation current (A)
lsc : Short circuit current (A)
Voc : Open circuit voltaggV)
a : Temperature coefficient of short-circuit currentiKA
Tc : Cell Temperature (Kelvin)
Tr : Cell Temperature at reference condition (25°C @& RY
lmp : Current at peak power point in reference condifn
Vinp 3 Voltage at peak power in reference condition (V)
|ph,res : Reference light currerf\)
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G : Irradiance (W/m?2)

Gr : Irradiance at reference condition (W/m?2)
n 3 Ideality factor of the diode

N : Number of cells in series

K 3 Boltzmann constant (1.38x%dJ/K)

q : Electron charge (1.6x10 coulomb)

Rs 3 Series resistance of generat@) (

Ren : Shunt resistance)

Eq : Gap Energy (for the silicoBy =1.12 €V)

The first approach requires taking some measureamamte the PV generator is installed.
This is the case of Sandia and Cenerg models [3. Second approach consists in using
solely the data provided by the manufacturer; & gorowy and Salameh’s model [4] and the
model of Jonest al [5]. Modeling a PV generator needs to evaluate theréifit parameters
of the module. The number of theses parameterssvarith the type of module. In this study
a one diode PV generator with five parametersésius

Generally, the five parameters determination oha diode PV generator is difficult due to
the exponential equation of the diode p-n junctiime commonly used methods to determine
these parameters are the analytical method, behtlganovel techniques using computational
intelligence algorithms have been carried out sagltuckoo search (CS) [6], pattern search
(PS) [7], Chaos Particle Swarm Optimization (CP$8)) genetic algorithm (GA) [9], fuzzy
logic (FL) [10], artificial neural network (ANN) [, 12]. The analytical method based on
datasheet is used in this work.

In ref. [2], a data-based approach has been pexbéntestimate the maximum power of the
PV generator. An iterative method was used to stileenonlinear equation of the maximum
current, obtained by the derivative of power witspect to voltage.

In this work to get round the nonlinearity difficwf the maximum current equation, are both
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used the derivative of power with respect to currand limit development, in order to
estimate the maximum power of the photovoltaic gatoe.

To prove the efficiency of the proposed model, mgarison is doing with the data provided
by the manufacturers for two types of photovol{zanels.

2. PRESENTATION OF THE METHOD

2.1. Modeling of the photovoltaic generator

In the literature, two main electric photovoltaiengrator models exist; namely the one and
two diodes models, with three or several parametarthis work, a one diode photovoltaic
module with five parameters whose equivalent diagisapresented in figure 1 is studied. The

five parameters here atgg, Rs, Ry, lo, andn.

Fig.1. Electrical model of a PV generator with five pasers [1,4]

The current produced by the generator is obtair@d Kirchhoff’s laws as follows:
=1+, 1)

The diode current can be obtained through Shoadention as follows [13]:

Iy =1, (exp{mj - 1] (2)

NNKT,

While the shunt current is given by the relation:

_V+R|
|, =——= 3
R, 3)

Replacing (2) and (3) into (1) give the photovdteurrent as:
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. . . V +R.|
In practice shunt resistance has a high valuesftire the termTRS - 0[14, 15], so:

| =|ph—|o(exp{wj—1] ()

NNKT,

2.1.1. Deter mination of the PV generator parameters

2.1.1.1. Evaluation of I,

The light current,, depends on both irradiance and temperatureglven by [13, 15]:
Iph:[|$+a(Tc—Tr)](%r) (6)

2.1.1.2. Evaluation of |,
The reverse saturation current depending of ceflgoerature is given as follows [13, 15]:

1 1
3 qu ( _j
T T
l, = onn{—T‘:j exp ————=£ (7)

At the open circuit voltage, 1=0, V=yand pr=ls¢

o=|$—|on(ex;{ﬂ]—1] (8)
’ NNKT,

So the nominal saturation current is obtained thhou

S ©)

I o,n
exp LV"C -
NNKT,

By replacing the eq. (9) into eq. (7) one gets:

1 1
3 qu(T_Tj
.= E j (ch .exp ———=~ (10)

© ([ av,
exp —-=- |-
[nNch

2.1.1.3. Evaluation of Rg

Various techniques have been used to determinsetfies resistances[RL6-20]. In this work
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the series resistance is evaluated as follows:

R=-I an)

di V=V

Considering the asymptotic behavior of the |-V @iat short-and open-circuit conditidrd],
(11) can be calculated as:

Ve “Vio
Nl

& = (12)

2.1.1.4. Evaluation of n

At the short circuit point, Ik, V=0:

I
Isc = I ph,ref - Io,ref (exp(?]li}—k-?J - ]J (13)

At the maximum power point, Igp, V=V mp:

Imp = I ph,ref - Io,ref (EXP[MJ - ]J (14)

NNKT

The reverse saturation currepfdr any diode is a very small quantity, on theesrdf 10° or
10° A [2]. This minimizes the impact of the exponehtéam in Eq. (13), so it is safe to assume
that the photocurrent equals the short-circuitenir{22]. Another simplification [23] can be
made regarding the first term in egs. (8) and (IMhoth cases, regardless of the system size,
the exponential term is much greater than the fash. For this reason the first term can be

neglected. Then, the equation system becomes:

Isc =1 ph,ref (15)
qv,

O=1_—1,, 4 .€Xg —=% 16

< o,ref [{nNkTr j ( )

qlV,, + Rl
Imp =1 phref Io,ref eXp{%J 176
Combining (16) and (17), the ideality factor is lensied as follows:
V_+RI_-V

n= q( mp & mp oc) (18)

I —1
NkTrIn( SCI ”‘pj
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2.2. Maximum power point determination
By using the expression of the PV current defingdely. (5), the voltage supplied by the

generator is:

v = INKT, | (1+IP“I—_|j ~R| (19)

q

The electric power produced by the generator ismgivy:
P=V. (20)
By replacing (19) into (20) one obtain,

I, =1
p = MNKT In(1+ e j—&lz (21)
q L
From the function P = f (), the extremum is ob&alrby the resolution of the equation
E e O
ov
le.

| -1 =
Z&IZ—{C |n(1+PI_J+C+ 2F§(Io+|ph)} +C |n(1+p|—J(|o+lph)= C (22)

In the above equation (22),

_ NNKT,
q

C (23)

I
The limit development near of | = 0, in one ordar fn(1+phl—j Is given by:

0o

In 1+£ =1|n ]_+I_ph - ! (24)
Io Io Io+|ph

By replacing equation (24) into equation (22), caa have:

2R5I2{Cln(1+l|_phj_l ; +C+2R5(Io+lph)}1+CIn(1+l|_phj(lo+lph)-—0|(|°+I""): C

o 0+|ph o

(25)

By rearranging eq. (25), one can obtain the eqnatfdhe second degree (26) below:

(C+2I{(I0+Iph))l2—(I0+Iph){Cln(1+ll—”hJ+ 2+ 2R5(|o+|ph)} | +C Ir{ 1+ I|phJ(|°+|”“)2 = (

(o] (o]
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(26)

To solve this equation of the second degree lets p

X, =(C+2R (I,+1,)) 27)
I

X2=—(I0+Iph){CIn(1+l—Tj+2C+ 2&(I0+Iph)} (28)

x3=cln(1+'I_f’o“j(|o+|ph)2 29)

The eq. (26) could be rewritten as follows:
X 12+ X, 0 +X,=0 (30)

The resolution of eq. (30) permits to obtain thiéofeing solutions:

| =X X - AX X, 1

max 2X1
I
Vmax _ I']NkTC In (1_'_ ph maXJ _ Rsl L 326
q I
I:)max :Vmax'l max (33)

Imax, Vimax» @NdPrax are respectivement the maximum current, the maximatiage and the

maximum power.
lon, lo, Rs, n@and C are respectively given by equations (6)), (@), (18) and (23).

3. RESULTSAND DISCUSSION

The chosen points for the parameters determinatioler reference conditions are mainly: the
short-circuit current (0,sb), the open-circuit voltage point (0,.Y, and the maximum power
point (Inp, Vimp)-

For various conditions (considering the variatidrihee temperature) the peak power and the
peak-power voltage are extracted from the manufactu datasheet by considering the
temperature coefficients of these two variables.

For the simulation, two electric PV modules forfeliént technologies were used; these
include multi-crystalline silicon and mono-crystadl silicon, namely, Shell S75 and Shell

SP70, respectively.
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The solutions presented in this work have beenimddaforl =272 %" “);;21_‘”(1)(3 which has

been found as the best solution.

The comparison between the simulation and practitzdh [24] using a typical multi-
crystalline solar module (Shell S75) is illustratedrable 1. The results show that the average
relative error on peak-power voltage is 2.343475% the average relative error on peak
power is 0.89645%.

The comparison between the simulation and practidata [24] using a typical
mono-crystalline solar module (Shell SP70) is tllated in Table 2. The results show that the
average relative error on peak-power voltage i42225% and the average relative error on

peak power is 0.358175%.

Table 1. Simulation errors on the maximum power point #edént temperature (shell S75)

Conditions Data provided by the  Simulatesults Relative error (%)
Manufacturers

Temperature 50°C np=66.5625 W R=67.1917 W 0.9453 onp
Insolation 1000W/m?  M=15.7V Vhp=15.5953 V 0.6669 onyy
Temperature 25°C =75 W Ro=74.9423 W 0.0769 onp
Insolation 1000W/m? Mp=17.6 V Vhp=17.2636 V 1.9115 ony¥
Temperature 0°C np=83.4375 W R—=82.6723 W 0.9171 omp
Insolation 1000W/m?2 M=19.5V Vhp=18.9252 V 2.9476 onyy
Temperature -25°C m=91.875 W Rp=90.3623 W 1.6465 on,pP

Insolation 1000W/m? Mp—=21.4V Vhp=20.5765 V 3.8479 onny
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Table 2. Simulation errors on the maximum power point atedént temperature (shell SP70)

Conditions Data provided by the Simulatesults Relative error (%)
Manufacturers

Temperature 50°C mp=62.125 W R»= 62.5010 W 0.6052 onp
Insolation 1000W/m?2 Mp=14.60 V Wnp=14.8412 V 1.6519 onp
Temperature 25°C B=70 W R=70.12 W 0.1712 onR
Insolation 1000W/m? Mp=16.5V Wp=16.4892 V 0.0657 onn
Temperature 0°C mp=(7.875 W Ro=77.7395 W 0.1739 onp
Insolation 1000W/m? Mp=18.40 V Wp=18.1339 V 1.4462 onn)
Temperature -25°C m=85.75 W Rr—=85.3364 W 0.4824 on,p
Insolation 1000W/m? Mp=20.30 V Wp=19.7712 V 2.6051 onpy

4. CONCLUSION

This study consisted in developing a new simplifreddel to optimize the photovoltaic solar
cells. This analytical proposed model uses dataiged by the constructor as a basis. Two
types of solar module (Multi-crystalline silicondamono-crystalline silicon) were modeled

and evaluated. The model accuracy is also analygedugh comparison between

manufacturer’s data and simulation results. Theaiobtl results prove the efficiency of the

proposed modeling approach.
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