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The goal of this work is to find a numerical solution of nonlinear solar cell
equation. This equation has been instructed using a single-diode model. The
proposed method consists of solving the equation using two iterative
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1. Introduction

Scientists began to investigate natural phenomena, whether chemical, physical,
engineering, or biological, as various sciences were complicated by the interferences
between them and developed terribly. Numerical analysis of all kinds played an
important role for explaining these phenomena's in order to obtaining various
solutions whether numerical or analytical. Numerical analysis plays a prominent role
in solving many physical problems, called communication issues in the science of

elasticity, mathematical engineering and mathematics. There have been many ways to
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solve these equations, whether analytical or numerical [1, 12, 14, 15, 27, 28, 29, 30, 31,
32, 33, 34, 37, 38, 40, 41, 42, 49 50 52 and 53]. Solar cells play an important role in
providing clean electricity. Photovoltaic cells, made from semiconductor materials such
as silicon, are devices that directly convert solar photons into direct current. Due to the
manufacturing techniques and types of materials used in the production of
photovoltaic cells, these cells can be classified into three groups 2, 3,4, 5,6,7,8,9, 13,
16, 17, 18, 19, 30, 26, 35, 36, 39, 51, 54 and 55]. First group Cells made of silicon
crystals. Second group It is divided into four sub-types according to the crystalline
structure of the materials involved in its manufacture, as well as the identity and type
of materials that include the cells manufactured from the following materials;
Amorphous silicon; Polycrystalline silicon; Cadmium Telluride; Indium Copper Alloy.
Third group they are the most modern cells, which the world is reliable in obtaining
units of highly efficient Solar cells. The cells of this generation are divided into several
families: They are the most modern cells, which the world is reliable in obtaining units
of highly efficient Solar cells. The cells of this generation are divided into several
families, Solar cell nanocrystals; Electrochemical photocells; Polymer solar cells
manufactured from polymers; Dye Sensitized solar cells; Solar cells manufactured from
molds polymers grafted with inorganic crystals, scientists believe that this type of cells
to be manufactured within the fourth generation of solar cells [10, 11, 21, 22, 23, 24
and 25]. For more applications, see [43, 44, 45, 46, 47 and 48]

The aim of this article is to introduce a new iterative algorithm two-step method (2SM)
for solving PV cell equation. Two various algorithms are discussed and applied with the

comparison between them.

2. Non-Linear Equation Derived from an Electrical Circuit

Figure 1 presents the simple equivalent electronic circuit of a solar cell (neglecting R

and Rgy,). A

/§\ Io IsH Rs *

S >
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Fig. 1 - Single-diode electrical equivalent circuit of a solar cell.
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The final equation of the solar cell current can be extracted according to this equivalent

by applying (KCL) Kirchhoff's current law as follows [28 and 50].

I=In—1Ip ¢y
~Vpv
Ip =1, (e nvr — 1) (2)
_va
I=1I,—1Io <emVT — 1) 3)

where: I, , Ipp, I measured in Ampere: reverse saturation current, photocurrent and is
reverse saturation current and cell's current respectively. In addition, V; and V,, the

thermic voltage= 26 mV and voltage's cell respectively. The value of the recombination
factor of about (1 <m<2), q and k: the electron charge= 1.6 X107 C and

Boltzmann constant= 1.38 x 10723] /K respectively. Temperature junction is T [29].

Iph = Isource (4)
Vp_

Ip = I * (e“VT — 1) (5)

Put Eq. 4 in Eq. 5 yield

-v
(Isource) — 107 (em — 1) = ©

o<

where: I reverse saturation current= 10"12A, In parallel, V, = V. Vv

pv =
The derivative of the Eq. 6 is necessary to find the roots of the V,;, numerically.

3. Newton's Technique (NRM)

The following algorithm suggestion for solving Eq. 6 by using NRM

e [NPUT initial approximate solution x, = 1, ¢ = tolerance, N= maximum number of
iterations.
e Output x,,; = approximate solution

1. Setx =0

145
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N

. Step 2: whilei < xq

. Step 3: Calculate x,,,; = X, — f__g“; forn=0,1,2,...

4., Step 4: If [x; — x;_1| < €; so x,,, = approximate solution output and stop.

w

921

. Step5:puti=i+1,n=n+ 1; go to Step 2.

@)

. Step 6: Output

4. Two Step Iterative Method (2SM)

To compare the different numerical methods of iterations, methods 1 (NRM) has been
used against the proposed method 2 (2SM). In addition, Eq. 6. has been solved to
demonstrate the performance of the new method, and determine the consistency and

stability of results. The results are examined using some iteration.

_ 2xf(dp)

Yo =dn = Frqy "= 0123
_ iy
dn+1 — ¥n f(dn)'i‘f‘(dn)'n 0, 1, 2, 3,...

The tolerance and criteria used in the following equations € = 10~° and

o=|dyy; —dyl <glf(dy)]| <e

5. Results and Discussion

The two numerical methods NRM and 2SM are applied in nonlinear Equation Eq. 6 for

PV single diode model and the results obtained are presented in the following Tables

for various data of load resistance of the proposed circuit.

Iterations

V,,-NRM

I,,- NRM

P,,-NRM

V,,-2SM

I,,-2SM

P,,-2SM

[EN

OCoo~NOOULL P WN

1
0.971416861
0.946732606
0.929865706
0.923247893

0.922434
0.922423136
0.922423135
0.922423135

1
0.971416861
0.946732606
0.929865706
0.923247893

0.922434
0.922423136
0.922423135
0.922423135

1
0.943650719
0.896302627
0.864650231
0.852386673
0.850884484
0.850864443
0.850864439
0.850864439

0.962945371
0.940361045
0.926849876
0.922778557
0.922426883
0.922423135
0.922423135

0.962945371
0.940361045
0.926849876
0.922778557
0.922426883
0.922423135
0.922423135

0.927263787
0.884278896
0.859050692
0.851520266
0.850871355
0.85086444
0.850864439

Table 1 - Comparison of different methods for solving Eq. 6 using NRM and 2SM.
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Referring to Table 1 for an initial value x, = 1, in it very interesting to note the

following: at 9th iterations convergence to the root 0.922423135 using NRM while; the

proposed method in the Eq. 6 converges to the same approximate root 0.922423135 at

7t iterations. Figure 2 shows the results of the PV parameters obtained by NRM and

2SM.

Number of Iterations

—8—Vpv-NRM
—e—Vpy-25M 1

E=rey 1oz
—8—Ipu-25M 1

Number of Iterations

Number of Iterations

—8—Ppv-NRM
—o—Ppv-25M

Fig. 2 - Comparison of PV cell parameters obtained by NRM and 2SM atR = 1.

Iterations

V,.-NRM

I,,- NRM

P,,-NRM

V,,-2SM

I,,-2SM

P,,-2SM

[E

O oONOOULLDE WN

1
0.971030472
0.945421967
0.926834477
0.918438746
0.917066885
0.917035399
0.917035382
0.917035382

0.5
0.485515236
0.472710983
0.463417238
0.459219373
0.458533442
0.458517699
0.458517691
0.458517691

0.5
0.471450089
0.446911348
0.429511073
0.421764865
0.420505836
0.420476961
0.420476946
0.420476946

0.970250663
0.944854325
0.926576837
0.918396494
0.917065915
0.917035398
0.917035382
0.917035382

0.485125332
0.472427163
0.463288418
0.459198247
0.458532958
0.458517699
0.458517691
0.458517691

0.470693175
0.446374848
0.429272317
0.42172606
0.420504947
0.420476961
0.420476946
0.420476946

Table 2 - Comparison of different methods for solving Eq. 6 using NRM and 2SM.

According to Table 2 for an initial value x, = 1, in it very interesting to note the

following: at 9t iterations convergence to the root 0.917035382 using NRM while; the

proposed method in the Eq. 6 converges to the same approximate root 0.917035382 at

7t iterations. Figure 3 shows the results of the PV parameters obtained by NRM and

2SM.
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Fig. 3 - Comparison of PV cell parameters obtained by NRM and 2SM atR = 2.

Iterations

V,,-NRM

I,,- NRM

P,,-NRM

V,,-2SM

I,,-2SM

P,.-2SM

[ERN

O o0ONOULLDE WN

1

0.970643792
0.944084232
0.923594243
0.91287784
0.910501262
0.910403531
0.910403374
0.910403374

0.333333333
0.323547931
0.314694744
0.307864748
0.304292613
0.303500421
0.303467844
0.303467791
0.303467791

0.333333333
0.31404979
0.297098346
0.284342109
0.277781984
0.276337516
0.276278197
0.276278101
0.276278101

0.969836085
0.943460514
0.923267523
0.912805332
0.910498287
0.910403527
0.910403374
0.910403374

0.323278695
0.314486838
0.307755841
0.304268444
0.303499429
0.303467842
0.303467791
0.303467791

0.313527344
0.296705914
0.284140973
0.277737858
0.27633571
0.276278194
0.276278101
0.276278101

Table 3 - Comparison of different methods for solving Eq. 6 using NRM and 2SM.

Based on Table 3 for an initial value x, = 1, in it very interesting to note the following:

at 9th iterations convergence to the root 0.910403374 using NRM while; the proposed

method in the Eq. 6 converges to the same approximate root 0.910403374 at 7t

iterations. Figure 4 shows the results of the PV parameters obtained by NRM and 2SM.

1.01

0.99
038
0.7

2096
~ nas
094
093
0.92
0.91

0.9

2

4 6
Number of Iterations

—=—Vpv-NRM

——Vpv-HOM

8

10

Number of Iterations

—8— pv-NRM
—8—Ipv-IHOM

—8—Ppu-NRM
—&— Ppv-IHOM

o 2 4 6 8
Number of Iterations

10

Fig. 4 - Comparison of PV cell parameters obtained by NRM and 2SM at R = 3.
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Iterations

V,,-NRM

I,,- NRM

P,,-NRM

V,,-2SM

I,,-2SM

P,,-2SM

[EEN

Ooo~NOOULLD WN

1
0.970256822
0.94271872
0.920123009
0.906346494
0.902077706
0.901742503
0.901740602
0.901740602

0.25
0.242564205
0.23567968
0.230030752
0.226586624
0.225519427
0.225435626
0.225435151
0.22543515

0.25
0.235349575
0.222179646
0.211656588
0.205365992
0.203436047
0.203284885
0.203284028
0.203284028

0.598809171
0.816819533
0.884826124
0.900161102
0.901713938
0.901740591
0.901740602

0.149702293
0.204204883
0.221206531
0.225040276
0.225428485
0.225435148
0.22543515

0.089643106
0.166798538
0.195729317
0.202572502
0.203272007
0.203284023
0.203284028

Table 4 - Comparison of different methods for solving Eq. 6 using NRM and 2SM.

As a results on Table 4 for an initial value x, = 1, in it very interesting to note the

following: at 9th iterations convergence to the root 0.901740602 using NRM while; the

proposed method in the Eq. 6 converges to the same approximate root 0.901740602 at

7th iterations. Figure 5 shows the results of the PV parameters obtained by NRM and

2SM.

Number of [terations

—B=Vpy-NRM
——py-25M

2 4 [

Number of Iterations

—8—Ipy-25M

8= Ipv-NRM

8 10 o

—B—Ppv-NRM
—e—FPpv-25M

Number of Iterations

Fig. 5 — Comparison of PV cell parameters obtained by NRM and 2SM at R = 4.

Iterations

V,,-NRM

I,,- NRM

P,,-NRM

V,,-2SM

I,,-2SM

P,,-2SM

1
2
3
4
5
6
7
8
9

10

1
0.96986956
0.941324731
0.916395843
0.898535645
0.890477009
0.889125763
0.889092734
0.889092715
0.889092715

0.2
0.193973912
0.188264946
0.183279169
0.179707129
0.178095402
0.177825153
0.177818547
0.177818543
0.177818543

0.2
0.188129393
0.17721845
0.167956268
0.161473261
0.158589861
0.158108925
0.158097178
0.158097171
0.158097171

0.960466918
0.932816856
0.909783325
0.895021368
0.889732889
0.889104432
0.889092721
0.889092715
0.889092715

0.192093384
0.186563371
0.181956665
0.179004274
0.177946578
0.177820886
0.177818544
0.177818543
0.177818543

0.18449934
0.174029457

0.16554114

0.16021265
0.158324923
0.158101338
0.158097173
0.158097171
0.158097171

Table 4 - Comparison of different methods for solving Eq. 6 using NRM and 2SM.
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For an initial value x, = 1, in it very interesting to note the following: at 10t iterations
convergence to the root 0.901740602 using NRM while; the proposed method in the
Eq. 6 converges to the same approximate root 0.901740602 at 9t iterations as shown

in Table 5. Figure 6 shows the results of the PV parameters obtained by NRM and 2SM.

102 —a—\Vpv-NRM 0205 —B—Ipv-NRM 021 —8— Ppv-NAM
—a—Vpu-25M —e—Ipv-25M —e—Ppv-25M

0.195 0.19

2 % o1

0.185 0.17

018 0.16

0.88 0175 015
[ 2 4 3 8 10 12 0 2 4 6 8 10 12 o 2 4 6 3 10 12

Number of Iterations Number of Tterations Number of Iterations

Fig. 6 - Comparison of PV cell parameters obtained by NRM and 2SM atR = 5.

According to the Tables 1, 2, 3, 4 and 5, it is famous that the best approximation to the
exact root is often nearer to the initial value, so the results acquired by the proposed
method are nearer to the initial approximation x, = 1, therefore these two methods
works better with this type of model (PV - single diode model - nonlinear equation). In
addition, the minimum numbers of iterations are appeared by the proposed method

2SM.

6. CONCLUSION

Two-step and Newton's methods were applied to find the numerical solution of the
non-linear equation of a solar cell. The methods are tested by taking different values of
the load resistance and good results were achieved. The process of computation in
these methods is simple because the approximate results were obtained easily by a few
computations with the aid of Matlab. Therefore, this approach is considerably
powerful. In the proposed method the good results depend on the selecting of the

initial value of x, are obtained.
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