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Abstract. In this work we measure electrical characteristics of different panels following the addition of a 
simulated failure, namely cracks on the protective layer of photovoltaic cells. The objective is to see its 
influence on the electrical production of panels on one side, and to see if it is possible to diagnose this 
failure on the other. The cracks are simulated using broken transparent plates that will be positioned on 
each solar panel before measuring its real characteristics. The results show that despite the continuity of 
the operation of the photovoltaic equipment in the presence of cracks, those last clearly influence the 
electrical power supplied by the panel. Among other things, they give a very particular form to its I-V 
characteristic which can be used to detect this failure.                   
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1 Introduction 

Subject to sunlight and bad weather, materials of 
photovoltaic panels gradually degrade. Currently, the 
useful life of photovoltaic panels is potentially 
guaranteed for 25 to 30 years. Therefore, there is 
limited interest in studying aspects of their useful life 
[1]. Beyond this period, the panel continues to operate 
but its productivity decreases over time. 

According to systematic tests, achieving by 
manufacturers for years, this useful life will be attained 
in most cases. However, there are wide variations from 
one manufacturer to another and even from one 
production to another within the same manufacturing 
company.  While there are examples of older panels 
still operating at 80% of their original capacity after 40 
years, it must be admitted that modern panels do not 
use the same materials or the same manufacturing 
methods. The results could therefore be different [2]. 

The useful life of photovoltaic solar panel and its 
reliability depend heavily on its breakdowns and usual 
failures, their diagnostics and the speed at which they 
are taken care of. A good regular maintenance often 
makes possible to exceed the 25 years of service life 
promised by the manufacturers. We then speak about 
mean time before failure of photovoltaic modules, 
often designated by its acronym: MTBF – PVm [3]. 

The solar industry typically lacks comprehensive 
public data sets on the performance of PV equipment. 
Indeed, of more than 300 GW of global capacity in 
2017, 78% have been installed for less than five years. 
Thus, there were few aging solar panels on which we 
could estimate long-term longevity. The industry 
standard 25-year warranty was only introduced in 1997 
and no module it covers has yet reached that age [2]. 

Nevertheless, a series of articles concerning the 
degradation, reliability and performance of 
photovoltaic panels on site [4], and under different 
climatic and technological conditions [5] in relation to 
their failures [6] have been published. As well as an 
exhaustive bibliographic study on the degradation rates 
of these PV modules [7] cited in the 2017 report on the 
reliability of PV modules [8] from the DNV GL group. 
These studies were carried out on panels which have 
sometimes reached 30 years of service life. 

In this work we measure electrical characteristics of 
different panels following the addition of a simulated 
failure, namely cracks on the protective layer of 
photovoltaic cells. The objective is to see its influence 
on the electrical production of panels on one side, and 
to see if it is possible to diagnose this failure on the 
other. The cracks are simulated using broken 
transparent plates that will be positioned on each solar 
panel before measuring its real characteristics. 

A similar work which dates from 2012 excites, 
where failures on chains of PV modules are diagnosed 
by measuring the I-V characteristics of these modules 
on the two regions of the curve: voltage dependence 
and current dependence [9]. 

The rest of the article is organized as follows: 
Section 2 is consecrated to the practical study of the 
influence of cracks on the change of electrical 

characteristics and the decrease in efficiency of solar 
panels. The results are discussed in section 3, and we 
give conclusion and some perspectives in section 4. 

2 Practical study 

2.1 Materials and methods 

The present study attempts to propose a method for 
detecting a failure of photovoltaic panels by observing 
its influence on their characteristics. The idea is to 
compare their general electrical characteristics with 
and without the cracks. 

To achieve this work, we focus first on the behavior 
of PV panels under fixed lighting between 100 and 
1000 W/m² and at a temperature of 25 °c (standard 
operating conditions) as shown in experiences 1 and 2, 
and under real conditions (experience 3). 

Then, transparent plates with cracks of varying 
scales are introduced, and the readings of the new 
electrical characteristics are compared with that of the 
witness experiments (1-2 and 3). 
 Five (05) plates of dimension 7x15cm2 containing 

different scales of cracks, numbered according to 
the proportion of cracks (1: very little cracks - 5: 
Completely cracked) were used (Figure 1). 

 

Fig. 1. The cracked plates. 
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 Three (03) photovoltaic panels with different sizes 
corresponding to the three witness experiments 
were used : 
Witness experiment No. 1: Panel of dimension 
12.6x9.4 cm2, with eight (08) cells, subjected to a 
radiation of 120 W/m² (Figure 2). 
Witness experiment No. 2: Panel of dimension 
32x21 cm2, consists with 72 cells and inclined at 
an angle of 49.7°. The temperature sensor 
(pyrometer) at the study site is tilted at the same 
angle (Figure 3). 
Witness experiment No. 3: Panel of dimension 
0.8x1.75 m2 (real model) under real conditions 
(Figure4): 

- Test N° 1: Temperature of 27 °C and solar 
radiation of 892 W/m². 

- Test N° 2: Temperature of 20 °C, radiation of 
260 W/m² and an inclination of 25°. 

 

Fig. 2. Photovoltaic panel of the first experiment. 

 

Fig. 3. Photovoltaic panel of the second experiment. 

 

Fig. 4. Photovoltaic panel of the third experiment. 

 The photovoltaic panel analyzer (Figure 5) makes 
possible to trace the I - V characteristic and to 
note the various electrical values associated to the 
operation of the panel: the open circuit voltage 
(Vopen); circuit short current (Ishort); the max 

current, the max voltage and the max power; 
energy efficiency (EFF) and form factor (FF). It 
also gives, when a load is connected, the 
coordinates (V, I, P) of the operating point. 

 

 

Fig. 5. The photovoltaic panel analyzer. 

2.2 Results presentation 

By placing successively the cracked plates on the 
panels, we obtain their characteristics in degraded 
mode. Figures 6, 7 and 8 show the comparisons 
between the characteristics of the three types of panels 
in normal mode and under failure condition. 

3 Results discussion  

The results of the three experiments are summarized in 
the tables bellow. Figures 9 and 10 give graphical 
representations of these results. 

 Experiment No. 1: 
We note that almost all the curves decrease 

monotonously, which confirms the correlation between 
the size of the cracks and the decrease in the electrical 
production (more there are cracks, more the electrical 
production characteristics decrease). 

The maximum voltage (Vmax) and the form factor 
(FF) oscillate around their average values which are 
1.762 Volt and 0.7967. Therefore they cannot be 
considered as a health indicators for the failure mode: 
cracks on the photovoltaic panels. 

 Experiment No.2: 
Except a few minor irregularities, Experiment 2 

confirms the results of Experiment 1: almost all the 
curves decrease monotonously, which confirms the 
correlation between the size of the cracks and the 
decrease in the electrical production. The maximum 
voltage (Vmax) and the form factor (FF) oscillate 
around their average values which are 16.64 Volt and 
0.7939. The FF is relatively stable. These two 
quantities cannot be health indicators for this failure 
mode. 

It is also noted that, if the cracks are small (plates 1 
and 2), the reduction in yield is small too, and the 
losses are not as great as for the first experiment. This 
means that the dimension of panels compared to the 
size of the cracks plays a role in the change of PV 
modules electrical characteristics. 

3

E3S Web of Conferences 229, 01043 (2021) https://doi.org/10.1051/e3sconf/202122901043
ICCSRE’2020



 

Fig. 6. Results of experiment No. 1: Electrical characteristics of the first type of 
cracked plates. 

Results of experiment No. 1: Electrical characteristics of the first type of photovoltaic panels in normal state and with the 

 

 

 

 

 

 

 

photovoltaic panels in normal state and with the 
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Fig. 7. Results of experiment No. 2: Electrical characteristics of the second
cracked plates 

Fig. 8. Results of experiment No. 3: Electrical characteristics of the third
cracked plates 

 

 

cal characteristics of the second type of photovoltaic panels in normal state and with the 

cal characteristics of the third type of photovoltaic panels in normal state and with the 
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panels in normal state and with the 
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Table 1. Recapitulation of experiment No.1 results. 

Plates / 1 2 3 4 5 4 – 5 

Vopen (V) 2.091 2.091 2.085 2.070 2.068 2.060 2.052 

Ishort (mA) 77.0 76.7 69.7 67.00 66.30 63.6 56.7 

Pmax (mW) 125.5 122.5 117.0 115.2 109.8 102.0 95.47 

Vmax (V) 1.812 1.763 1.776 1.757 1.763 1.709 1.755 

Imax (mA) 69.3 69.5 65.9 65.6 62.30 59.7 54.40 

EFF 0.012 0.012 0.011 0.011 0.010 0.010 0.009 

FF 0.779 0.763 0.805 0.831 0.801 0.778 0.820 

 

 

 

 

 

Fig. 9. Graphical representation of the experiment 1 results. 
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Table 2. Recapitulation of experiment No.2 results. 

Plates / 1 3 5 1–2 1–4 3 – 4 1-2-3-4-5 

Vopen (V) 19.25 19.2 19.15 19.12 19.09 19.05 18.92 18.83 

Ishort (mA) 38.4 38.1 37.20 36.10 37.2 36.3 33.3 27.60 

Pmax (mW) 587.0 575.3 570.3 550.8 556.0 552.1 504.5 413.2 

Vmax (V) 16.77 16.82 16.58 16.49 16.74 16.58 16.35 16.79 

Imax (mA) 35.0 34.2 34.4 33.4 33.2 33.3 30.8 24.60 

EFF 0.058 0.057 0.057 0.055 0.055 0.055 0.05 0.041 

FF 0.793 0.786 0.8 0.797 0.782 0.798 0.8 0.795 

 
 

 

 

 

 

Fig. 10. Graphical representation of the experiment 2 results. 
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 Experiment No. 3: 
In this experiment we used large solar panels (real 
model) under real conditions. The experiments were 
carried out in a limited time period time (less than 40 
min) so as not to be affected by the change in sunshine 
or temperature.  
However, these may have affected the results. We 
found that: 
- Plates with few cracks do not introduce significant 

changes to the electrical characteristics of the panel. 
This is why several plates are used at the same time 
for each experiment. 

- When the plates are separated, they have less impact 
than when they are grouped. This means that several 
small cracks are less harmful than large one. 

- No quantity shows a monotonic tendency (except 
Vopen for test 2). These values cannot be considered 
as health indicators of the solar panels on site for this 
failure mode, and cannot be used for the calculation 
of their remaining useful life (RUL). 

Qualitatively, and as in previous experiments, the 
cracks introduce a symptomatic change in the shape of 
the I–V characteristic of photovoltaic modules that can 
be used to diagnose this failure. 

The three experiments demonstrated an inverse 
relationship between the size of the panel and the size 
of the cracks. For the same plates used on the different 
panels, we note that: Smaller the size of the panels is, 
more the cracks influence their electrical 
characteristics. 

Table 3. Recapitulation of experiment No.3 results–Test 1. 

Plates / 2–3 2-34-5 1-2-3-4-5 

Vopen (V) 41.82 40.80 40.45 40.84 

Ishort (mA) 5.618 6.127 6.333 5.247 

Pmax (mW) 165.3 157.0 150.0 154.8 

Vmax (V) 32.46 32.03 32.59 31.85 

Imax (mA) 5.093 4.901 4.602 4.862 

EFF 16.53 15.70 15.00 15.48 

FF 0.703 0.628 0.585 0.722 

Table 4. Recapitulation of experiment No.3 results–Test 2. 

Plates / 2–3 2-34-5 1-2-3-4-5 

Vopen (V) 42.65 42.58 42.43 42.19 

Ishort (mA) 2.322 2.966 2.158 3.327 

Pmax (mW) 76.93 78.99 66.98 69.29 

Vmax (V) 35.48 35.98 35.26 35.09 

Imax (mA) 2.168 2.195 1.899 1.974 

EFF 7.693 7.899 6.698 6.929 

FF 0.776 0.625 0.731 0.493 

4 Conclusion 

Photovoltaic panels (PVs) are physical components 
whose real the useful life is greatly influenced by their 
usual breakdowns and failures, such as cracks, traces, 
corrosions, delamination, fouling, hot spots ... 

I–V characteristics of a photovoltaic panels change, 
in normal mode, mainly depending on the temperature, 
lighting, climate change and some electrical 
phenomena. However, they keep their basic shape. 

In this work, we experimentally studied the effect 
of one of these failures, namely cracks, on the 
electrical characteristics of photovoltaic panels. This 
has resulted in a change on the shape of I–V 
characteristic of said panels. This symptomatic change 
on the shape of I–V characteristic of photovoltaic 
modules can be used to diagnose this failure. 

We have also shown in practice that the electrical 
parameters of the PV change in degraded mode (with 
cracks). There is so a correlation relationship between 
the extent of cracks and the change in I–V 
characteristics as well as the decrease in efficiency of 
panels. 

As a perspective, we should quantify this 
relationship: cracks - loss of yield, by finding a way to 
measure the extent of cracks (area and density) to 
determine its correlation rates with the electrical 
parameters of photovoltaic panels. 

We also aim to provide a more robust experimental 
protocol for testing solar panels on site without 
suffering the effects of climate, lighting or temperature 
changes. 

Finally, we have to test more panels, over a longer 
period to have more conclusive data. 
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