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ABSTRACT

The series resistance of a solar cell is an important parameter that affects its efficiency. The Characteristic (I-V) curves of
an illuminated solar cell are considered to determine this parameter. This trial is based on the single exponential model. An

analytical method starting from the maximum power point (MPP) on such curves has been developed to determine the series resistance ( Rs) of the
cell and other parameters. Important expressions for the open circuit voltage are obtained.
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1.INTRODUCTION

The keen desire of different authors [1-14] to extract the photovoltaic
(PV) solar cell parameters is due to their vital importance in studying
the cell performance and evaluating its efficiency.

Such information are necessary in designing solar cell concentrators
and other solar system that depend on the solar photovoltaic cells .
These parameters are usually the series resistance (R)) , the shunt
resistance (R,,), the reverse saturation current (1), the short circuit
photocurrent (1), the open circuit voltage (V,,), the diode ideality
factor (A) and the maximum power point (MPP).

Most of the trials are based on the single exponential model for which
the steady state (IV) characteristics of a uniformly illuminated p-n
silicon solar cell are generally described by an equation in the form [1-
10]:

I=I,-I,[esp A(V+IR)-1]- ) 0

V+IR, )
R:H
Where :
="/ \s» ¢, the charge of the electron=1.6x 10" C
k, Boltzmann constant=1.38.x.10™ J/K ,
T 'K the absolute temperature, A4, the diode ideality factor, ”/q , is the
thermal voltage .

For most solar cells, the diode factor " 4" has a value between 2.5 and 3

[11].

For a silicon solar cells the diode factor 4 = 2.5 at a moderate light
intensity [2] . This value is accepted in computations in the present
trial.

For T'=300"K, A=2.5 one gets A= 15.4589

The series resistance is an important parameter which should be kept to
aminimum for efficient conversion of solar energy [2].

There are different methods to evaluate the series resistance [12], for
example the two — curve method [2] considering different illumination
levels.

Equation (1) is implicit and non-solvable analytically [6] .

EL-Adawi et al [5] succeeded to introduce an analytical method to
solve equation (1) without neglecting of the shuntresistance Ry, .

The authors [5] succeeded also to determine the series resistance R, as
one root of a quadratic equation.

Moreover, they determined "R." considering the co-ordinates of two
points (I,,V,) and (I,,V,) on one (single) (I-V) characteristic curve .

R, is givenin the form [5]:
11 Lo+ 1 - L h-n
R=1 In [ 1 )
I ‘I,+L -1 L-1" (2)

The authors [7] decided that EL-Adawi method [5] to evaluate R| is
reasonably accurate among all others because it also takes care of the
shuntresistance Ry, while deriving their expression for R .

The condition for maximum power output (%2 -0) is considered by

differentauthors [2,5,7] to derive some of the essential relations
connecting the different parameters of the solar cell.

Nevertheless the obtained relations are either complicated or do not
cover all the possible functional relations.

The aim of the present trial is to start from the same condition of
maximum power output and express some vital parameters suchas V.,
R, and the efficiency, in terms of the maximum power point (MPP)
coordinatesI and V.

2. TheBasic Equations
Considering equation (1), the power P=1V can be written as :

V+IR,
P=V I, -1 {expi(V +1IR) -1}~ 1)
- K 3)
Applying the condition (% )| —otoequation (3) one gets :
UL+ L=L e (V + 1Ry (1+ary (2R, =0 (4)
Rearranging equation (4) one gets:

1, _ A(HatinR) , L QY HL R ik
(F+D=e AP+ ) + e )(5)
The analysis of the order of magnitudes of different terms in equation
(5) reveals that the term :

Vo1, R acnomry (0 (14—Ly
AV, Iy Ry AV," (6)

This term can be neglected. Equation (5) can thus be rewritten in the
form:
Isc A(V, +1, R ) 1
(5 =R AV, (=)
1, AV, ()
Taking the Logarithm of both sides of equation (7) one gets:

I 1
4+ 1)= A(V, +1, R) +In(AV,) + In(1+——)
1y A7, (8)

In(

I, +1
Taking into consideration that[13]: V,. = % ln(ml—o) )
0

Substituting for V,

oc

in equation (8) one gets :

1 1 1
V.=V, +I,R, +—I(AV, )+ — In(1l+—
oc w R, n ( ) 2 n ( le)(l())

m 2 m

Itis worth to note that, 1

1thus one can make use of the
expansion: [15] iV,

ln(1+_\‘)=_\'—%_\':+%_\'3_ ............... .
3

-Hx=l (1)
This makes it possible to rewrite equation (10) in the form:
1 1 1 1 1 .,
v,.=T, I, R. — (AT, —{ — == (—)"
o . Ty .+/: (4 .)‘*’/Z{/A_r.‘ 2(/,_())(12)
From equation (12) one can express the series resistance Rs in the
form:
v, ¥, 1
1 Al

. 1 1
: — AP - 5 T A (13)

Equation (13) introduces a simple method to determine the value of the
series resistance from a single (I-V) characteristic curve through the
coordinates Im,Vm of the maximum power point (MPP).
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Substituting for V,, from equation (9) into equation (12) one gets:

ey (1)
%“"(I/{I;)) = "”+1‘R:'%((z:',_7:;}11',?))
Since I]— »»  1onecansimplify and rearrange equation (14) to get:
.1 g 1 1 (15)
Vas Z““(;.r;“ N I‘R:_/:‘r',+:/::r';
Inthe light of equation (15) one can express Rs in the following form:
1 ./ 1) 1 1 Ve
Ro= —[h~=_—8 - — - =
: zul iv, ! 7 AL T, (16)

3.Determination of the Efficiency “” of the Cell:
The accepted definition for “n” is:
1.7V,
2,
Where P, is the solar power received and absorbed by the irradiated

surface of the solar cell.

a7

n=

From equation (15) and (17) one can express the efficiency through
the following relation :

L. _
1, 2 1;) }

I, .1
=2 [={l I R -
7 aK[z{ ( T

2777 ) (18)

Since the Logarithmic function is a slowly varying function, one can
conclude from equation (18)that the predominating factors affecting
the efficiency are : Im, Vm, Rs, T and the ideality factor (A) in the
expression of 1.

Moreover equation (18) reveals that Rs should be kept to a minimum
for efficient conversion of solar energy [2] .

The ideality factor, governing the value of (1) has to be controlled to
attain an optimum value to realize maximum efficiency. This requires
further studies concerning this factor.

4. Computations

In the present trail, some of the cell parameters are computed and
compared with the corresponding published data . Let us introduce the
following example:

Two (I-V) characteristic curves are published by Thongron etal [12]
under two different illumination conditions.

The First Curve

with parameters: irradiance 1100 W/m2,Voc = 9.25 V, Isc = 0.597 A,
MP=3.48 W, Vm=6.60vand Im=0.528 A.

The authors [12] applied EL-Adawi method [5] and extracted the
following results : Rs=4.59 Ohm, RSH=149.60 Ohm . The published
parameters [12] are introduced in equation (13) of the present present
trial to compute the value of the series resistance.

The obtained computed value is Rs = 4.45 Ohm . The relative
unfitting is 3%.

The Second Curve [12]:

With parameters : The irradiance 900 W/m2, V0c=9.10V, Isc =0.460
A,MP= 2.83W,Vm =6.75V,and Im=0.419A, Rs=4.29 ohm, RSH
=110.50 ohm.

According to equation (13) in the present trail, one gets: Rs = 4.889
ohm.

Therelative unfitting is= 14 %.

It is worth to note that computations revealed that the fourth and the
fifth terms in the R.H.S. of equation (12) to calculate VOc are
negligible.

V.. can thus be expressed as:
. . 1 -
V.=V, +I R + 2 In(A7,) 19

6. CONCLUSIONS

1. The present trial to compute some of the solar cell parameters
from one (I-V) curve through the maximum power point
coordinates is promising.
The relative shift between the computed and the published data
may be attributed to the uncertainty in the value of the ideality
factor.

2. The expression for the efficiency equation (18) reveals that the

series resistance Rs should be kept to a minimum for efficient
conversion of solar energy.

The absolute temperature of the cell T,KO should be kept to a
minimum to realize better efficiency. Thus cooling conditions
have to be adjusted in order to improve the performance of a solar
cell.

Simple expressions for Voc , Rs, and the efficiency in terms of the
(MPP) coordinates Vm,Im are given.
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