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Abstract.Model to represent the behaviour of photovoltaic ~Shadowing degree on the power dissipation.

(PV) solar cells in reverse bias is reviewed, concluding with a For the resolution of the non linear equation our choice
proposal of new model. This model comes from the study of was the Dichotomy method proves to be the most
avalanche mechanisms in PV solar cells, it can be adapted to PV appropriate.

cells witch reverse characteristic is dominated by avalanche

mechanisms, and also dominated by shunt resistance. A

simulation of shading effects in arrays with parallel series 2. Solar cels modesin reversebias
configuration has been done; an analysis has been made of the

power dissipation with the influence of the number of shaded

cellsand the effect of shadowing degree. The impact of the applied system configuration on the
energy yield of partially shadowed arrays has been
Key words widely discussed. [7].There are several equations

proposed in literature to simulate the behavior of PV cell
in reverse bias. Most of them come from the conventional
I-V equation in the forward region modified in some way
to introduce avalanche effects.

In 1982 Spirito and Albergamo [8] made a distinction
between A-type cells, dominated in reverse bias by

_ _ . ~avalanche multiplication and B type cells, dominated by
Hot spot heating occur when a cell in a string of series shunt resistance effects in reverse bias.

connected cells is negatively biased and dissipates power

in the form of heat instead producing electrical power.

This happens when the current produced by given cell is A, Reverse bias equation for C type cells

lower than the string current. This can occur when the cell

is shaded, or simply generates less current then the module_ater in 1986 Lopez Peneda [9] makes a distinction

[1, 2]. among three types of reverse |-V characteristics,
Shading part of a PV array has a very dramatic effect on its depending if the main effect is a low shunt resistance or
(P-V) curve. Shading even a very small fraction of the  avalanche multiplication. The equation is similar to

array may result in a very reduction of the array power. Albergamo’s, but written in unique formula.
Partial shading can be occurred by utility poles, chimneys,

trees, parts of other buildings ([3], [4]). Partial shading and

electrical characteristics dispersion BV modules have |(\/):[|SC _{eXF{VJ_lJ]M(V)_(VJ (1)
been accounted for 4.8% of losses in PV arrays [5].

Our study was based on the third cells type"C” [6], or was

introducing a new expression of the avalanche voltage and With
en function of the shadowindegree “F” defined as the

Power disipation, solar cells, reverse bias, hot spot,
partial shadowing.

1. Introduction

T

ratio between theeduced Isc of the faulty cell and the M V) = ; (2
standared Isc of the illumined cell. We made a study of v Y

thirty six cells six strings in parallel-series configuration. 1‘(}

The purpose of this paper is to illustrate, by analyzing the Vor

effect of the number of the shaded cells and the effect of
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With the condition that:
- 1fv>0=M(V)=1
. 1fV<0 = M(V)>1
« IfV =V, Multiplication coefficient M (V) is
infinite M (V) = o0 .

B. Formulation of the simulation

In order to model the solar cell curve, the current I, for
given voltage V, must be computed individually for eac
value. Because the equation of the solar cell curve is 1o
given in explicit form, numerical methods are normally
used to determine the characteristic curve.

For V<0 and neglecting the exponential terms:

((m-ﬂhc)ﬂlaf):

moon ®)
ol a5
Equations (2) and (3)
v, (F)= v _%‘1(2; ) ; 4)
Rile M

The power dissipated is [9]:

PD(v)=w—1)(F)|$Mw-1)+(@j ©)

'sh

This model comes from the study of avalanche
mechanisms in PV solar cells, based on our study on the
fallowing points:

-Influence of the shading degree “F” on the powe
dissipation.

- Influence of the number of the shaded cells on tf

power dissipation.

-The maximum power dissipation.

C. Results
1) Influence of the shading degree on the power
dissipation.

The power dissipation in a module of thirty six cells
parallel-series connected which one is shaded is illustrate
in the figure 1 for two values of the shunt resistance, one
equal to10Q Fig. 1-a and the other is the optimal shunt
resistance Fig. 1-b.

-the power dissipation will increase as shadowing degree
increases.

-the maximum power dissipation obtained for F=0 of the
shadowing cell.
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Fig. 1-a Influence of the shadowed degree on the power
dissipation with =100
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Fig. 1-b Influence of the shadowed degree on the power
dissipation with B=7.2Q
2) Influence of the number of the shaded cells on
the power dissipation

The fig. 2-a, fig. 2-b represents the influence of the
shadowed cells for F=0, it takes two cases of the shunt
resistance, the optimal value and Q0fespectively. It is
seen that the power dissipation increases with increasing
of the number of the shadowed cells and reached their
maximum value for m,.=5(m,.: number of the

shadowed cells).
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Fig. 2-a Influence of the number of the shadowed cells
on the power dissipation withsR7.2 Q
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Fig. 2-a Influence of the number of the shadowed cells
on the power dissipation withsf2100€

3) The maximum power dissipation

The Fig. 3 represents the maximum power dissipation
obtained for five cells completely shadowed (F=0) in a
module of 36 cells connected in parallel series, for a value
of shunt resistance optimakfRopt=7.2Q

The number of shadowed cells critical for the power
dissipation is a maximuiin, = m-1.
m, = number of channel in parallel -1

characteristics PD(V)

200 T T T T T
I I I I I
I il it Rt ittt it nlid=
I I I I I
e e o Al s M S
| | I | |
B e e T e e Pl el Sl
| | I | |
B ] B Aty i Bttt e N S
o L O O A
[ i I [ I
I I I I I
e
[ i [ I
wob m L _ T 0L __1____
| | | | I
ol L __ AT _ ol ___L___1____
| | | | |
ol Lo L0 _L___1
| | | |
° | I | | I
B @ B B 1o

Fig. 3 The maximal power dissipation

3. Conclusion

Main conclusions of this work are addressed to emphasise
the impotence of the power dissipation. Following
conclusions are obtained from cases analysed with the
simulation.

The increase of shading degree avec cell produces higher
power dissipation.

Increase in the number of shaded cells causes higher
power dissipation for the parallel series connection the
higher power dissipation is experienced by the illuminated
cells of the faulty parallel, giving a worst-case for

m=m, —1.
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