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Abstract. The paper presents the results of investigation on the influence of an ohmic shunt located
at various spatial positions on the photovoltaic module performance by distributed diode model based
simulations. By systematically varying the parameters such as the resistance of the shunt, proximity
to the finger and busbar metallization, area of the shunt, irradiance and number of shunted cells in
the module, a deep insight about the impact of the shunt on the module electrical performance have
been obtained. Further, influence of spatial location of shunts has been studied by assuming a
shunted region of same area and severity at different positions in the photovoltaic module, based on
the proposed simulation approach. The study revealed novel insights about significance of spatial
locations of shunts and the proximity of finger and busbar metallization. In general, it was found that
the proximity to the busbar and finger metallization and the shunt position holds the key to the
impact the shunt will have on the photovoltaic module performance in addition to the resistance of
shunt itself. Quantum of loss due to the presence of finger or busbar metallization in close proximity
of shunt location has been revealed by the proposed approach. This understanding can enable to gain
an improved performance of the photovoltaic cell and module, by implementing the approach at the
cell production level.
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1 Introduction

Shunts present in various locations of a single solar cell or several solar cells within a photovoltaic
module can be detrimental to its performance and reliability [1 - 9]. Further, it is well known that the
reliability and performance of photovoltaic modules can be limited by thermal issues occurring in regions
with high localized self-heating or hot spots created by the shunts, which are often observed to induce a
strong degradation of the photovoltaic cells and of the module itself leading to a drastic reduction of the
module life time and even to hazardous operating conditions [4]. These reliability issues due to shunts
can be aggravated when a PV cell operates in reverse bias condition, which might take place when one
PV cell in a module is shaded and others are still generating current [4]. In such a situation, it has been
found that [10, 11], a significant reverse current can flow through the shaded cell and this can lead to a
premature break down and permanent degradation, because the current is observed to flow through the
shunt resistance. It would be interesting to understand the possible improvement in the photovoltaic
module performance, with either removal of shunts [12, 13] or their isolation [14, 3, 15] or preventing
them from occurring at least in the most detrimental locations during cell production. The aim of the
present work is to present a systematic study of influence of ohmic shunts at significant spatial locations
in an industrial Silicon photovoltaic module. Distributed diode model, [16 - 23], developed based on
experimentally measured parameters, has been utilized for the study. Ohmic shunts have been simulated
at various critical spatial locations in the photovoltaic module.

A comprehensive understanding of the influence of the critical shunt locations in the industrial Silicon
photovoltaic module can be useful to achieve a dramatic improvement in the electrical performance of
the PV module by preventing the occurrence of shunts at the identified critical locations or by detecting
and isolating the shunts at the identified critical locations or by removing them and replacing with
shunt-free area during in-line production. The localised shunts can be imaged and detected using an IR
camera [3, 15] or liquid crystal sheets [15]. Lock-in Infrared Thermography can be used for the imaging
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and detection of strong shunts in a few seconds of measurement time [18]. Based on the criticality, the
localised shunts can then be isolated by a combination of laser scribing and chemical etching as
proposed in [15] gaining an improved performance of the PV module. Further, severe shunts under
busbar or finger metallization in multi/mono-crystalline solar cells to be connected within a module can
be repaired in an effective manner by the chemical etching method proposed in [3].

Though it is well known that the shunts cause electrical mismatch losses in the PV module, because
the shunts basically influence the I-V characteristics of the PV cells, the quantum of the electrical
mismatch losses as a result of the existence of ohmic shunts at different spatial locations in the PV cells
connected in a PV module has not been investigated comprehensively till now. In the present work, an
approach has been proposed to investigate the mismatch losses due to the existence of ohmic shunts at
critical spatial positions in a typical industrial Silicon photovoltaic module.

2 Approach and Methodology

In order to model and analyze the performance of PV module in the presence of shunts and to study the
losses induced by these shunts in a typical industrial Silicon PV module, a distributed diode model of
PV module has been developed from the electrical equivalent circuit of illuminated solar cell, consisting
of a single diode in parallel with a current source and a shunt resistance, with a series resistance. An
electrical circuit simulator PSpice [24] has been used to simulate this developed model. Main parameters
for this simulation have been obtained experimentally from the experimental dark I-V characteristics of
solar cells. Ohmic shunts of same area and same absolute shunt resistance have been simulated at
various significant spatial positions in the PV cells interconnected in the PV module. Considering the
fact that, normally the modules are series connected and to simplify the approach, only the series
connection of the PV module has been considered in the present work.

Degradation in output power and open circuit voltage have been measured in terms of relative power
and relative open circuit voltage which were calculated with respect to the values when the photovoltaic
module is not shunted. Important effect of irradiance on shunt related losses has been accounted for by
performing simulations at different irradiance levels. The study has provided further insight into the
shunting phenomena.

The influence of shunt on the relative power of the photovoltaic module at each spatial position has
been found by comparing the power at MPP for the following two distinct cases: 1) when the shunt is
present in the photovoltaic module and 2) when the shunt is not present in the photovoltaic module (i.e.,
after replacing the shunted area by the shunt-free area). The influence of shunt on the relative open
circuit voltage has been found in a similar manner.

Effect of shunt magnitude, number of shunted cells, proximity of metallization fingers and busbars,
area of the shunt and irradiance have been systematically investigated utilizing the developed
distributed diode model of the photovoltaic module. Some parameters (shunt resistance, reverse
saturation current, ideality factor, sheet resistivity etc.,) which were required for the distributed diode
model have been obtained experimentally in order to simulate the I-V characteristic of shunt-free solar
cell. The simulated and experimental dark I-V characteristic of the shunt-free solar cell has been
compared to support the model and simulation. Based on this model and simulation, shunt losses in
quantitative terms have been estimated.

Critical influence of irradiance on the losses due to shunts has been taken into account by varying
irradiance from 1 W/sq. m. to 1000 W/sq. m. in a series of logical steps. The investigation has
contributed deeper insight into the effect of irradiance on shunting.

There are many parameters which can have spatial inhomogeneities like defects in material, intensity
of illumination etc., in a PV module having a large area. Distributed diode model provides flexibility in
handling the inhomogeneities in several parameters and predicting the electrical performance of the PV
module. Different effects could be investigated and their impact on the electrical performance of the
module could be studied.

Presented distributed diode model has been utilized to determine the shunt currents in the shunted
and shunt-free areas of the shunted solar cells connected in the PV module. Each PV cell in the PV
module is divided into smaller elementary regions in the distributed diode model, and the model has
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been exploited to determine electrical mismatch losses by finding the currents flowing in shunted regions
for different conditions of shunting at the considered significant shunt locations.

A deep knowledge of the effect of the significant shunt positions in the industrial Silicon PV module
can be useful to realize an impressive improvement in the overall performance of the industrial Silicon
PV modules through prevention of creation of shunts at the identified significant spatial locations.

The basic methodology for implementing the proposed approach for simulation by PSpice is
illustrated in Fig.1. Shunting can happen in very small regions in the photovoltaic cell, and therefore it
is necessary to divide the given PV cell area into a large number of elementary areas, in order to
represent each small region of the solar cell in the model. All industrial silicon cells within the PV
module considered in the present work have an area of 62 mm x 37 mm. For developing the model, the
solar cell was divided into 1421 elementary areas in order to accommodate finger size of solar cells.

Each elementary area has been modeled by solar cell equivalent circuit consisting of a diode, a shunt
resistance and a current source in parallel as shown in Fig. 2. Resistances were connected between
neighboring elementary areas taking into account the emitter sheet resistance of the cell. The base
resistance of cell has been neglected since its value is very small compared to the
sheet resistance of top n layer. Fingers and bus bars of the cell have been modeled after measuring the
respective resistances.

3 Model

In the distributed diode model, which is illustrated in Fig. 2, each PV cell has been divided into smaller
elementary areas, and each elementary area has been modelled by Shockley’s one diode model [25].
These elementary areas are considered to be homogeneous and are substituted by lumped one diode
model circuits. The elementary area circuits have been interconnected to create the complete model of
the PV cell. Every PV cell in the simulated PV module is connected in series, and the cells have been
interconnected with bus bar resistors. By the aforementioned approach, the homogeneity can be
confined to small areas and the influence of each individual area on the PV module’s electrical
performance can be investigated.

For simulation of a PV cell and PV module utilizing the proposed distributed diode model, the area of
each PV cell has been divided into 1421 elementary areas. The parameters of each elementary area have
been determined according to the dimensions of the elementary area in the distributed diode model. The
simulation parameters have been summarized in Table 1.

Table 1. Simulation parameters [25].

Parameters Value
Number of busbars 1
Number of fingers 14

Cell length 6.2 cm
Cell breadth 3.7 cm
Number of elementary areas 1421
Number of rows 29
Number of columns 49
Photo-generated current 4.72E-04 A
Reverse saturation current 7.83E-10 A
Ideality factor 1.7
Shunt resistance (shunt-free area)  7.815E058/sq.
Sheet resistance 40 Q/sq.
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Figure 1. Flowchart describing the methodology adopted for implementing the proposed simulation approach.
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Finger

Figure 2. Distributed diode model of the photovoltaic cell showing 3x3 elementary areas and wherein each
elementary area has been modelled by the Shockley’s one diode model [25].

Current flow in the model can be described based on the Shockley’s diode equation:

B _V+IR§_ ox q _
I=l, ———-I] p{(nkT](V+IRS)} 1 (1)

sh

where I, is the photo-generated current (A)
I, the net current flowing through the cell (A),
L, reverse saturation current (A),
q, electronic charge (C),
V, applied voltage across terminals of the cell (V),
n, ideality factor,
k, Boltzmann’s constant (J/K),
T, absolute temperature (K).
R, is the series resistance (£2),
Ran is the shunt resistance (€2).
In the dark condition, the equation reduces to the following form:

I=[O {exp[f}{};]—l} (2)

From experimental dark I-V of the cell, two parameters, reverse saturation current (I)) and the
ideality factor (n) are determined by plotting In(J) - V graph. The forward dark I-V characteristic of a
solar cell can be written in following form:

In(I)=In(I))+qV /nkT (3)

The parameters I, and n were thus calculated from the intercept and slope of the curve by using
equation (3). Diodes were characterized with these respective Iy and n.

For obtaining the simulated dark I-V characteristics, varying voltage was applied across the p and n
side. In case of illuminated I-V curve, current source corresponding to the short circuit current of
elementary diode was applied.

In a photovoltaic cell, at very low voltages under the forward bias conditions, a very minimum
current flow through the PV cell which is predominantly determined by the shunt resistance (Ra) [26] of
the PV cell. Shunt resistance (Rg) of the cell has been experimentally measured at very low voltage
from the slope of experimental dark I-V curve. This measurement was performed on a number of shunt-
free cells after verification by LIT measurements. Shunt-free cell has been chosen from the same batch,
from where the shunted cells have been chosen for this entire study.

For a shunt-free cell, shunt resistance of each elementary area has been estimated by considering the
uniform distribution of overall shunt resistance over the cell. The same elementary shunt resistance
value has been used in shunt-free region of the shunted cell during simulation.

The model has been verified with several shunt-free and shunted industrial multi-crystalline and
mono-crystalline Silicon solar cells. An illustration of model verification can be seen in Figure 3, which
compares the experimental dark I-V curve obtained by the Solar Simulator in the laboratory and the
simulated dark I-V curve obtained from the distributed diode model of a typical shunt-free multi-
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crystalline solar cell. There is a good degree of agreement between both the curves, which supports the
validity of the developed model.

4 Results

The intensity of solar radiation incident on the different PV cells connected in the module will decide
primarily the quantity of electricity generated in each PV cell. Hence the intensity of incident solar
radiation emerges as one of the significant parameters to be considered in the mismatch situation.
However, the present investigation assumes that all PV cells in the module are uniformly illuminated.

4.1 Comparison of Performance of Shunted Cell in the Module and Shunt-Free Cell

The most important parameter determining the quantum of the influence due to shunting is the
magnitude of the shunt or in simple terms, the value of the shunt resistance offered by the PV cell. The
value of the shunt resistance offered by the PV cell is in turn determined by the shunt resistance offered
by the shunted region of the PV cell and area of the shunted region. To have a realistic picture of the
severity of shunting and the resulting mismatch, a shunt resistance of 1 Ohm has been chosen for the
shunted area, whose value has been selected based on the published literature [27].

From the Lock-in Infrared Thermography (LIT) images, it has been observed that the busbar shunt is
normally occurring in many of the cells connected in the module. The busbar shunt has been modelled
by assuming a shunt area of 1 node, whereas the total cell area has been represented by 1421 nodes as
shown in Table 1. An overall shunt resistance of 1 Ohm has been simulated and the area of the
simulated shunted region is 0.0625 sq. mm. The severity of the shunting due to this shunted region can
be understood from the graph shown in Fig. 4, which compares the power curve of the shunted cell and
the shunt-free cell connected within the PV module. The power curve has been plotted with respect to
the module voltage instead of the corresponding cell voltages for the purpose of comparison.

It can been seen that the power curve of the shunted cell goes even into the third quadrant and the
output power becomes negative for some voltage range, in the low voltage region of the curve, which
implies effectively that the shunted cell has become a power dissipater rather than a power generator.
The power generated by the shunted cell and the shunt-free cell, in each situation, has been determined
from the cell current and the corresponding cell voltage.

Due to the electrical mismatch, the shunted cell has been driven into the reverse bias condition by the
remaining cells within the PV module, which are non-shunted and operating at a forward voltage, for
module voltage ranging from 0 V (corresponding to the short circuit condition) up to 2 V. The above
finding implies that, if the module operating point shifts to the region corresponding to the
aforementioned voltage range, the influence of electrical mismatch can affect the module’s performance
more critically. For the particular case of PV module illustrated in the Fig. 4, the shunted cell has been
dissipating a power of 0.107 mW at near short circuit or no load conditions.
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Figure 3. Comparison of experimental and simulated dark I-V curves for a typical shunt-free multi-crystalline solar
cell [21].
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4.2 Influence of Shunt Magnitude

Degradation in output power and open circuit voltage have been determined in terms of relative power
and relative open circuit voltage which have been determined with respect to the values of output power
and open circuit voltage if the photovoltaic module is not shunted. The effect of shunt on the relative
power at each spatial location of shunt has been determined by comparing the output power at MPP for
the following two distinct situations: 1) if the shunt exists in the PV module and 2) if the shunt does
not exist in the PV module (i.e., by removing and then replacing the shunted region by the shunt-free
region).

Figure 5 illustrates the variation of relative power with shunt resistance considering three different
positions of shunts. Figure 6 presents the variation of relative open circuit voltage for three local spatial
positions of shunts in the PV module considered in the present work. A comparison of Fig. 5 and Fig. 6
reveals that, in comparison to the relative power, the influence on relative open circuit voltage is
comparatively lesser, which is in agreement with the findings in [27] for the thin film module.

4.3 Influence of Irradiance

It has been understood from the present investigation that the shunt related losses are critically
dependent upon the magnitude of the shunt resistance and local position of the shunt as well as the
proximity of shunt to the metallization. However since the photovoltaic generation in a PV cell depends
primarily on the illumination intensity, it is expected that the current drawn by the shunt will depend
critically on the solar radiation incident on the PV module as well as the resistance offered by the shunt.
Therefore it would be of great interest to study how the criticality of losses due to shunts will be
affected by the variation in irradiance levels for various shunt locations.

Output power and open circuit voltage has been determined for different incident solar irradiation
intensities and compared with the output power and open circuit voltage for the PV cell having no
shunts. For the purpose of comparison, a relative output power ([Output power of the shunted
photovoltaic module / Output power of the shunt-free photovoltaic module at the same irradiance]) and
a relative open circuit voltage ([Open circuit voltage of the shunted photovoltaic module / Open circuit
voltage of the shunt-free photovoltaic module at the same irradiance]) have been defined.
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Figure 4. Variation of shunted and non-shunted cell power with respect to the module voltage.
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Figure 7 illustrates the variation of relative power of the PV module for three local positions of shunts
considered in the present work. Figure 8 visualizes the variation of relative open circuit voltage for three
spatial locations of shunts considered in the present work.
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Figure 7. Variation of relative power with irradiance for different spatial positions of shunts.
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4.4 Influence of Proximity to Metallization

Influence of proximity to metallization has been investigated for a common type of shunt: the edge
shunt. Figure 9 presents the variation of relative power of the PV module with shunt resistance for the
edge shunt under and not under finger metallization. Figure 10 presents the variation of relative open
circuit voltage for the same case of shunting.

Figure 11 illustrates the variation of relative power with the number of shunted cells connected in the
module for the edge shunt under and not under finger metallization, whereas the Fig. 12 presents the
variation of relative open circuit voltage for the same case of shunting.
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Figure 8. Variation of relative open circuit voltage with irradiance for different spatial positions of shunts.
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Figure 9. Variation of relative power with shunt resistance for shunt under and not under finger metallization.

4.5 Influence of Number of Shunted Cells

Influence of the number of shunted cells has been studied by keeping the shunt resistance and shunt
area same for each shunted cell connected in the module. Figure 13 presents, the variation of relative
power with number of shunted cells connected in the PV module for three cases of shunting considered
in the present work. Figure 14 illustrates the variation of relative open circuit voltage with number of
shunted cells for the three spatial positons of shunting. The trend reveals that, the spatial variation is
more accentuated, in the case of relative open circuit voltage when compared to the relative power.

4.6 Influence of Area of the Shunt

The effect of area the shunt has been studied by keeping the absolute shunt resistance same in all the
cases of shunting considered, while varying the shunt area and the area normalized shunt resistance.
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Figure 15 illustrates the variation of relative power of the PV module with varying irradiances for two
different shunt areas, however having the same absolute shunt resistance. Figure 16 summarizes the
variation of relative open circuit voltage of the PV module with varying irradiances for two different
shunt areas considered in the present work.
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5 Discussion

5.1 Influence of Shunt Magnitude

Figure 5 reveals that at very low shunt values the relative power can degrade to about 50% for all the
shunt positions under finger or busbar metallization. At high shunt values close to 10 2, the relative
power improves to 95%, for the shunt positions under metallization. For the shunts under metallization,
in the intermediate region, the relative power increases in an almost exponential manner with the
increase in shunt resistance. However, for edge shunt not under finger, the reduction in relative power is
only 2%, and remains almost independent of the variation in shunt resistance value.

At very low values of shunt, the PV cell’s electrical characteristics is critically influenced by the shunt
and thus the output power will be degraded drastically, however the variation in the relative power
generated between various local shunt positions still holds importance. When the values of shunt
resistance are very high, the PV cell is generating almost its full output power and in this region;
difference due to local spatial position vanishes. It is evident from the study that, when the shunts are
not under finger or busbar metallization, there can be considerable improvement in the electrical
performance of the PV module.

For a higher shunt resistance, i.e., for the value of 10 Q, the relative open circuit voltage reaches
almost 100 % whereas the relative power for the same value of shunt resistance has reached only 95 %
under the same irradiance. However, the spatial variation becomes more obvious and a maximum
difference of 50% between two different shunt positions has been revealed by Fig. 6. For the case of edge
shunt not under finger, relative open circuit voltage remains more or less unaffected by the shunt
resistance magnitude, as seen in the case of relative power.

5.2 Influence of Irradiance

From the simulation results obtained in Fig. 7, it is apparent that the spatial position of shunts in PV
modules is very much important when considering the shunt related losses, particularly at low irradiance
levels. Figure 7 reveals that there can be a difference of more than 45 % between different positions of
shunts located not under metallization for the values of shunt resistance considered in the present work.
This is obviously a significant difference, since an increase in output power in this range can be of
considerable importance. Further since, the actual shunt value may approach the range of 0.001 € in
some cases, the impact of shunt may be accentuated to critical levels, resulting in degradation in relative
power of even 50%.

From the simulation results, it has been observed that there can be a variation in relative open circuit
voltage from 15% and up to a maximum of even 50 % between different spatial locations of shunts for
the same shunt resistance and shunt area, thus revealing the critical importance of shunt positions. At
the lowest value of the shunt resistance considered, the loss in relative open circuit voltage can vary
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from 60% to more than 70%. Figure 7 and 8 also reveal that at high irradiance levels near to 1 Sun
(1000 W/ m?) , the difference in shunt losses gradually reduces to a minimum, for shunts not under
metallization since the impact of shunt would decrease in comparison to the low irradiance case.
However, for the busbar shunt under finger, i.e. a shunt under metallization, the trend in both Fig. 7
and Fig. 8 reveals that the relative power and relative open circuit voltage remains relatively
independent of the variation in irradiance levels. This surprising result can be correlated to the fact that,
the presence of metallization busbar and fingers under the shunt holds critical significance on the
influence of shunt and the sinking of current by the shunt.

Impact of the shunt on the PV module’s electrical performance diminishes comparatively, at higher
levels of incident solar radiation, since there would be more lateral current flow and it is expected that
there would be reduction in degradation due to shunting. For the shunt positions not under
metallization, it has been evident in the present study that, the PV module has a slightly improved
performance at higher irradiances. However, for the shunts under metallization, i.e. say, busbar shunt
under finger, the PV module’s electrical performance depends critically on the shunt resistance and the
influence of irradiance diminishes considerably.

5.3 Influence of Proximity to Metallization

The results reveal the significant effect of metallization at the lowest shunt values in the cases of both
the relative power and the relative open circuit voltage. The presence of finger metallization under the
shunt alone has led to a maximum difference of around 50% in relative power, whereas in the case of
relative open circuit voltage the difference between the two shunts has been found to be around 45% for
critically low values of shunt resistance. In the context of above findings, the influence of proximity of
the shunt to the metallization assumes a critical importance. The results obtained lead to the inference
that even the shunts located at the edge or even corner of the PV cell can critically degrade the
performance of the PV module when they are located under finger metallization.

Further, it is revealed by Fig. 9 and Fig. 10 that shunts of even very low resistances could become
almost harmless when they are positioned at certain spatial locations such as at the edge or corner of
the PV cell, which are not under metallization. When the shunts are located away from the finger and
busbar metallization, they will be screened by the surrounding sheet resistance and the effect of the
shunt decreases. The greater the sheet resistance, the greater will be the effect due to shunt screening by
the sheet resistance. The explanation for the impact of metallization can be related to the fact that the
busbars and fingers carry far greater current, being the most conductive path for the current in the PV
module. Hence when a shunt occurs in the close proximity of busbar or fingers as well as under the
busbars or fingers, the probability of greater current sinking through the shunt increases.

The dramatic influence of the proximity of metallization is revealed by both Fig. 11 and Fig.12. The
maximum difference in relative power can be even 90% whereas the maximum difference in relative open
circuit voltage can be even 80% between the two spatial locations of shunts, due to the proximity of the
shunt to finger metallization.

5.4 Influence of Number of Shunted Cells

Figure 13 reveals that even if many numbers of cells are shunted in a module, the impact on the module
performance is drastically influenced by the spatial position of the shunt. The trend in Figure 14 reveals
that, the spatial variation is more accentuated, in the case of relative open circuit voltage when
compared to the relative power. For the most critical spatial position of shunt considered, i.e. the busbar
shunt under finger, both the relative power and relative open circuit voltage reduce to very low values
resulting in severe loss in performance of the photovoltaic module.

5.5 Influence of Area of the Shunt

Figure 15 shows that, an increase in area of the shunt for the same value of absolute shunt resistance,
will cause more loss in relative power of the PV module. The main reason for the aforementioned effect
can be attributed to the fact that an increase in the area of the shunt would bring the edge of the shunt
area near to more number of metallization fingers or busbar compared to a smaller shunt area. A second
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reason is that most of the current in the shunt tend to flow along the edges of the area and not through
the center [27]. Due to the above mentioned effects, a greater perimeter results in a larger area of
influence of the shunt. In the case of relative open circuit voltage also, as revealed by Fig.16, the greater
shunt area results in increased loss in relative open circuit voltage of the PV module.

6 Conclusions

A systematic investigation on the electrical mismatch losses due to the presence of shunts at different
locations on the electrical performance of PV modules, has been carried out by utilizing the distributed
diode model. The investigation has produced very interesting results, on the performance loss caused by
the localized shunts positioned at different significant locations in the PV module and presented a novel
approach to evaluate the actual power loss as well as loss in open circuit voltage caused by the shunts.

The shunt resistance, irradiance, location of shunt, number of shunted cells and area of the shunt
have been systematically varied and impact on the photovoltaic module performance has been
determined. The effect of shunt on the module’s electrical performance has been investigated in terms of
relative power and relative open circuit voltage. Important finding is that, the electrical performance of
the PV module with shunts in it, depends critically on the shunt position and proximity to the
metallization to the extent that the difference in loss in the relative power can be even 90% between
different shunt positions and the difference in loss in the relative open circuit voltage can be even 80%.
Comparing with shunts under metallization, there is an improvement of 80% to 90% in relative power
for the most of the shunts not under metallization, for the lowest values of shunt resistance considered
in the present work. In general, it was found that the proximity to the busbar and finger metallization
and the shunt position holds the key to the impact the shunt will have on the photovoltaic module
performance in addition to the resistance of shunt itself. An impressive gain in the photovoltaic module’s
electrical performance can be achieved by either avoiding the occurrence of shunts at the found
significant positions or isolating them at the cell production stage by laser or chemical method or
removing them.
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