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Abstract Energy is the one of the most important part of our 

daily life; the energy consumption is increasing day by day. 

Nevertheless, there are various sources of energy we are marching 
towards the renewable energy sources for the healthy 
environment issues. Among the various renewable sources, the 

solar energy is one of the most abundant. The solar energy can be 
harvested using different technologies, among them is Solar PV 
technology and it is developing day by day. PV cell is the 

technology that generates direct electrical power from 
semiconductors when they are subject to illumination.  The PV 
technology has enhanced the usage of solar energy primarily due 

to the manufacturing cost reduction and improvement in the 
power conversion.  

Fault analysis in PV system is a fundamental task to ensure the 

reliability and efficiency of the system. The purpose of this work 
is to study the operating characteristics of PV system in the case 
of the non-normal operation conditions. Physical damages, 

shading, aging, bypass diode damages are some examples of the 
non-normal operating conditions. The installed PV system may 
operate in these abnormal environmental conditions which lead to 

adverse effects on the PV system performance, so there is the need 
of systematics study of those conditions. The systematic study 
includes the detail analysis of the variation in the output 

characteristics, i.e., current, voltage and power. The waveform of 
current and voltage of the PV cell, module and panel are measured 
and recorded. The waveforms are recorded for normal operating 

condition, as well as under the abnormal conditions. The obtained 
curves are then compared and the problem is associated with the 
PV system. By comparing those two waveforms the faults are 

detected. Each fault exhibits some symptoms and by the help of 
those symptoms, the type of fault can be characterized. An 
algorithm has been presented for detection of faults. Various 

simulation works were carried for the different faults and 
comparison with the experimental results were done to validate 
the PV modules for the monitoring of the faults. 

 This work also presents the determination of solar cell 

parameters. An experimental work, known as the dark current 
voltage experiment is carried out to determine the cell parameters. 
This type of test ensures the quality of the cell. For the experiment, 

a solar cell 0.5V/400mA provided by “Conrad Electronic” is used. 
Series and shunt resistances are determined in this experiment. 

In the last part of this work, the case study of Nepal is presented. 

Nepal has huge potential of solar PV system, but are not yet fully 

developed. There is an increasing of the PV installation, but they 
lack the monitoring and management of the installed system. This 
is the reason that is why they are facing the problem of rapid 

decreasing of efficiency, aging and so on. Till date, in Nepal 
systematic study of the faults and maintenance has not been 
carried out, not being possible to say the exact conditions of the 

PV system in Nepal. This work tries to identify the frequent faults 
and cause of degradation and to recommend the solution of the 
problems which they are facing. 

Index Terms—Renewable Energies, Solar Energy, Photovoltaic 

Cells,  Operation and Maintenance (OandM) 

October 15, 2017 

 

I. INTRODUCTION 

The generation of energy from the fossil fuels emit greenhouse 

gases, result in global warming which is unfavorable for the 

environment and ecosystem. These problems lead to the use of 

the environment-friendly renewable energy resources like wind, 

solar, geothermal, tidal, and so on. Among these renewable 

resources photovoltaic, solar energy is gaining its global 

popularity. Nevertheless, the advancement of technology the 

bottlenecks is still associated with high cost and low efficiency. 

In addition to the high capital cost, it’s maintenance cost is high 

because they are installed outside so they are prone to various 

mechanical and electrical faults. These faults results increase in 

the power loss and decrease the efficiency as well as the 

reliability of the system. There is five level of faults that can 

occur in the PV system i.e. cell level, group of cell level, module 

level, string level and array level. Each level faults have its own 

characterizes so a proper model has to be made to identify the 

location of faults. Each level also has different types of faults so 

the modelling should be done promptly and should include all 

the probable modelling of the system. 

        The analysis of different faults is very useful to 

characterize the faults which are very for the recognition of faults 

for the whole system. The probable faults in the PV system are 

partial shading, open circuit, short circuit, hotspots, mismatch, 

aging. The simulation of these faults conditions eases the 

analysis behavior of the faults. Modelling and design calculation 

of PV system requires the knowledge of the parameter which 

describes the non-linear characters of PV cell. These parameters 

are calculated with the Dark current-voltage measurement 

method. After determining these parameters, it is easy to 

characterize the system and easy to model of the system. 

Modelling must be done from each level and should measure the 

quantity for the future reference. 

Nepal is a developing country struggling with the energy 

crisis. The government of Nepal is concerning about the meeting 

the demand of energy through the renewable resources. The solar 

photovoltaic system has been a good source of energy for the off-

grid population of Nepal since all the population is not connected 

to the grid. Nowadays not only the remote areas, a solar 

photovoltaic system has gaining its popularity in the cities areas 

too and many business firms, normal people have installed this 

system to their business house, home etc., so there is need of 

study of the non-operating conditions and faults in Nepal. This 

thesis work focus study of the potentiality of the solar 

photovoltaic system and its status. The measure problem has 

been identified and its measurement and recommendation have 
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been made. 

 

A. Problem statement 

As the demand for clean energy is increasing due to the global 

warming and pollution issues, Photovoltaic solar power 

generation has an important role in the clean energy. Now all 

the developed countries are focusing on this renewable source 

of energy. The capital cost and maintenance cost for 

Photovoltaic power generation is very high. It is necessary to 

supervise and monitor the unfavorable operating condition to 

ensure they are working correctly. It is required to have high 

efficiency and long-life span of PV system. Since the PV panel 

must mount on the open place so it is always prone to various 

defects. This kind of unfavorable conditions can degrade the 

efficiency of the solar panel. The decrease in the efficiency of 

PV panel can cause heavy loss to the owner because the cost of 

the panel is very high as compared to other energy sources. To 

save the money and environment it is necessary to monitor and 

supervise the condition of the PV system. The one of the 

method to monitor faults on the system is the supervision of 

output current-voltage characteristics, the analysis of current-

voltage curve for each unfavorable condition characterize its 

pattern, so this characteristics pattern is the very important tool 

in future for the monitoring and fault analysis of the system. 

Nepal is a small developing country, focusing on the 

renewable solar energy to meet the energy demand. Nepal has 

a huge potential of solar PV energy due to its geographical 

advantage, and there is increasing demand for the solar PV 

system though there are only the off-grid system exits. Till 

now there is collectively not more than few megawatts has 

installed but now the government is focusing on the 

flourishing the PV power. In this condition, it is necessary to 

be updated with the various faults and non-operating 

conditions in Nepal. A systematic study of the faults and 

maintenance of PV system in Nepal has not been done yet, so 

it’s a great chance to have such opportunity of doing 

something that has not been done. 

 

B. Solution/Objectives 

PV system must withstand the various environmental 

conditions. The output power of PV system is highly dependent 

on the operating conditions. The objective of this thesis is to 

study the current and voltage characteristics of the Photovoltaic 

system for the different unfavorable conditions. This thesis has 

presented the algorithm to detect the different faults associated 

with PV system. the algorithm solely depends on the 

perturbation of the current and voltage generated by PV system. 

The waveform of current and voltage changes with the 

operating conditions and plays vital role in determining the 

faults. These changes presented by waveforms are studied and 

identify the characteristics of faults. This characteristic is then 

used to determine the fault associated with the system. 

Finally, this thesis work emphasizes in the improvement of 

reliability of the PV system. This thesis work also focuses on 

the condition of PV system in Nepal and try to identify the 

problems associated with the PV system and their remedies. 

This thesis work can be a reference to the people who are 

interested in PV system in Nepal. 

 

II. BACKGROUND 

In this chapter, the main objective is to give the necessary 

knowledge to understand this article. We carefully explore the 

photovoltaic panel, focusing on its main constituent the solar 

cell. It is explained how it works, stated the main types and 

analysed the several properties. 

 

A. Solar cell 

The solar cell is a basic unit block of a solar photovoltaic system 

which is made of two layers of semiconductor materials. When 

the photon with sufficient energy strikes the surface of the solar 

cell, electron and hole pairs are released which causes to a 

generation of electricity. A solar cell works on the principle of 

Photovoltaic effect. Basically, the silicon is doped with 

pentavalent and trivalent impurities to increase the charge carrier 

concentration and these oppositely doped layers are brought 

together to form a junction. In the junction after the photons are 

absorbed the free electron of n region try to move to p-region and 

holes of p-region try to move to the n-region to compensate for 

their respective deficiencies. If electrical contacts are made with 

the two semiconductor materials, the free electrons will flow 

from the n-type through the external path to the p-type material. 

The flow of electrons through the external circuit will continue 

if more free electrons and holes are formed by the solar 

radiation[1]. There are various electrical circuit models of 

photovoltaic cells which have been widely described in the 

literature [2][3]. A most commonly used model is the one-diode 

model (Ideal model) as shown in figure 1. In one diode model, a 

cell is represented by a current source IL in parallel with a diode 

and a resistance (Rp) with and a series resistance (Rs). 

 
Figure 1  One diode model of a solar cell [source: pvpmc.sandia.gov] 

The governing equation for this model is given as 

Ish=(V+IRs)/Rsh---------------------(i) 
I=IL-ID-Ish---------------------------------ii) 
I=IL-I0{exp((V+IRs)/Vt)}- -(V+IRs)/Rsh----------------------(iii) 
Where Ish is parallel loss current, V is the voltage across the 

solar cell, ID is the diode current, IL is the photogenerated current, 

Rsh is the loss shunt resistance, Rs is series loss resistance, I am 

the current generated by a solar cell. 

IV Characteristic of solar cell 

The current-voltage curve of a solar cell describes its energy 

conversion capability at the existing conditions of irradiance and 

temperature. The IV curve provides a quick and effective means 

of accessing the true performance of a solar cell. The behavior of 

the current of a solar cell is nonlinear described by above equations 

(i, ii, iii). The curve is highly dependent on the irradiance [1] as 

well as the temperature of the cell and with the local weather 

condition  [4] too.  The typical IV and PV curve are shown in 

figure 2 
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Figure 2. IV and PV curve of a solar cell 

 The important parameters of IV and PV curve are the following 

• Short circuit current (Isc):  Maximum value of the 

current generated by a solar cell when the voltage is 

zero. 

• Open circuit voltage (Voc): Maximum value of the 

voltage generated across cell when there is an open 

circuit of the cell. 

• Maximum power point: The maximum value of power 

that can be extracted from a cell/module. 

• Imp: The value of current of a cell at MPPT 

• Vmp: the value of voltage of a cell at MPPT 

• Fill factor: It’s a ratio of the maximum power from the 

solar cell to the product of Voc and Isc.  

FF=
𝐼𝑚𝑝∗𝑉𝑚𝑝

𝐼𝑠𝑐∗𝑉𝑠𝑐
……(iv) 

 

A. Determining IV and P-V characteristics of solar cells 

Basically, the IV characteristic of a solar cell is 

determinedby changing the voltage applied to the cell 

gradually increasing a value of resistance from zero to 

infinite. Nowadays, to obtain this curve are used 6 distinct 

methods as per the precision of data required. These 

methods consist in using a variable resistor, capacitive load, 

electronic load, bipolar power amplifier, four-quadrant 

power supply or a DC to DC converter. A comparison 

between these 6 methods can be seen in the figure. In this 

thesis, a variable resistor is used, so it was not much 

convenient to obtain all the data from the experiment.  

 

B. Main factors which influence the solar cell behavior 

 The main factors that influence   the behavior of a solar cell 

is the irradiance and temperature.  

 

1. Irradiance: The generation of photocurrent from the solar 

cell is highly dependent on the solar radiation. The 

radiation having a certain range of frequency knot out the 

electron from the bond to the conduction band to form an 

electron-hole pair. The formation of the electron-hole pair 

is depending upon the intensity of the light i.e. more 

irradiance more generation of hole pair so therefore the 

irradiance plays a vital role in the magnitude of generated 

current. The influence of irradiance on a solar module can 

be seen in figure 4. The figure shows higher the value of 

irradiance, higher the value of solar current. The equation of 

current is given by 

 𝐼𝑠𝑐 =
𝐺

𝐺𝑟
∗ 𝐼𝑠𝑐_𝑟……. (v) 

Where G, Gr is the irradiances in operating and STC condition 

and Isc_r is short circuit current at STC condition. 

 

2. Temperature: The temperature plays a vital role in the 

performance of a solar cell. The power generated by the PV 

cell decreased with an increment of temperature above the 

STC condition [5]. Varying with the temperature, the 

saturation current Is of the diode varies. The relation 

between the temperature and current is given the following 

equation  

  Is = Iso (
𝑇

𝑇𝑜
)
3

exp(
𝐸𝑔

𝑚′
)(

1

𝑉𝑡_𝑟
−

1

𝑉𝑡
)……. (vi) 

Where Is and Iso are inverse saturation currents in T and STC 

temperature. Eg is the energy gap, Vt_r and Vt are a thermal 

voltage of a cell at T temperature and STC temperature, m’ is the 

ideality factor of a solar cell. The variation in the Is eventually 

changes the open circuit of a solar cell, it has the least effect on the 

Isc. 

 
Figure 4 The influence of irradiance in IV curve of PV module 

 

Figure 5 The influence of temperature in IV curve of PV cell 

 

C. A non-normal operating condition in a PV system 

There are four levels of the components to form a PV system: 

the PV cell unit, cell groups, the PV module and a PV string. 

These components are always exposed to some defects that can 

affect the performance of the whole system [6]. The main task 

for this thesis is to figure out the probable faults for each of the 

Figure 3 Comparison of different methods to obtain IV curve of a cell 
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components and its influence in the IV curve of the system. The 

table no 1 has hieratically listed the level of the faults from the 

cell to the string of the system. It has faults as well as the non-

normal operating condition associated with the PV system. 

These are the lists of faults that are tried to simulate in this 

thesis. These faults cause the changes in the IV curve of each 

level of PV system. The algorithm presented for the detection 

of a fault is very important and need to develop the 

instrumentation system for the implementation.  The changes 

in the curve are studied and recorded for the fault analysis All 

the conditions are not simulated here because of the difficulties 

in the modeling of the fault.  This thesis will present only the 

theoretical part of the detection not the development of the 

instrumentation system. 

 

 

Table 1 Faults associated with PV system 

 

Cells 

 

Series resistance 

Crack of cell 

Partial shading 

High temperature 

 

 

 

Group of cells/module 

No bypass diode 

Short circuit of bypass diode 

Reversal of bypass diode 

Partial shading 

Dust/dirt 

Damage of cell 

Hotspot 

Delamination 

 

 

String 

Diode destruction 

Reverse polarity of diodes 

Diode short-circuited 

Partial shading 

Aging  

 

III. DETERMINATION OF A SOLAR CELL 

PARAMETER  

All the solar cells have some parasitic resistances. To determine 

these parasitic shunt and series resistances an experiment is 

carried out known as dark current-voltage experiments [7]. 

Since it is done in the dark condition so it is termed as a dark 

current-voltage experiment. The dark current-voltage 

experiment is commonly used to analyse the electrical 

characteristics of solar cells. It provides an effective way to 

determine parasitic parameters without the need of a solar 

simulator. The dark IV measurement technique provides such a 

diagnostic tool for module manufacturers. 

To determine the IV characteristic of a solar cell, it required a 

power supply, two Multimeters (one ammeter and one 

voltmeter) and one solar cell. The voltmeter was placed in 

parallel with the cell so that the voltage can be measured across 

its terminals and the ammeter in series. 

 
Figure 6The experimental IV curve of a solar cell 

 The data provided by manufacturer company are following: Imp 

= 400mA; Vmp = 0.5V; Voc = 0,59V; Isc= 433mA. Based on the 

provided data and obtained data from experiment the cell 

parameters are calculated as following 

1. Inverse Saturation current (Io): The inverse saturation 

current of a solar cell is calculated using the following 

formula and obtained the value 2.9104e-8A. 

 Io=
𝐼𝑐𝑐_𝑟

𝑒𝑥𝑝
𝑉𝑜𝑐
𝑚𝑉𝑡−1

…………(vii) 

2. Ideal factor (m): The ideality factor of a diode is a measure 

of how closely the diode follows the ideal diode equation. 

The ideal factor of a solar cell is calculated from the 

following formula (4-2) and obtained the value of 1.333. 

m=
𝑉𝑚𝑝𝑟−𝐼𝑚𝑝_𝑟

𝑉𝑡𝑟∗ln(1−
𝐼𝑚𝑝𝑟
𝐼𝑠𝑐𝑟

)
 ……..(viii) 

3. Series Resistance (Rs): This method [8]  and “lsqnonlin” 

Matlab function are used to calculate the value of a  series 

resistance of a solar cell. The obtained value of Rs is   1.15Ω 

and 0.05Ω. The large value of Rs may be the error in the 

linearization of the non-linear equation. 

4. Shunt Resistance (Rsh): This method [9] and  “lsqnonlin” 

Matlab function are used to calculate the value of shunt 

resistance and obtained  995.6 Ω and   31.49 Ω. The shunt 

resistance must high enough for the good cell. 

 

IV. ALGORITHM FOR FAULT DETECTION 

The objective of this chapter is to develop an algorithm for the 

detection and localization of the fault in the PV system. The 

algorithm [6] developed here is based on the analysis of the IV 

characteristics of the PV system. This method first develops the 

IV characteristics for the list of fault scenarios and stores in the 

memory and access the memory as per required. At the time of a 

fault, the faulted IV characteristics are then compared with the 

each stored IV characteristics, find the most resembling 

characteristics and this is how it recognizes the type of fault and 

where it is located. The prior knowledge of the faulted condition 

can be established using the simulation programs like Matlab or 

Labview. The simulation of the faulted conditions provides the 

symptoms of the fault. These symptoms will help to diagnose the 

type of fault and the location of a fault. 

A. Symptoms for the detection of faults 

For the detection of the type of a fault, it is necessary to establish 

the knowledge of characteristics of the different kinds of faults 
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that can occur in the PV system. It is carried out by the series of 

simulations that must be performed for all the probable faults 

that can occur in the system. The results of the series of the 

simulation are thus recorded for the future reference. There is 

three factor that should be considered for the simulation they are 

the severity of the defect, the variation of the operating condition 

and the PV configuration system (module/string). “X” represents 

the consequences of fault that can only quantify with the number 

of faulty components. 

 
Table 2 The fault and its consequences 

Type of 

faults 

Fault  Result consequences 

Mismatch shading Iph (decreases) 

series resistance Rs(increases) 

Resistance Rp(increases) 

Temperature R increases 

Bypass 

diode fault 

Short circuit X 

Disconnection X 

Reverse connection  X 

Possess resistance R (increases) 

Module 

faults 

Short circuit of Module X 

Shunt of Module  Rm (decreases) 

Inversion of Module  X 

Connection 

faults 

Resistance due to 

connection 

X 

Disconnection Rm (increases) 

Non-return 

diode faults 

Short circuit X 

Module shunt  Rm (increases) 

Disconnection X 

Reverse connection X 

Environmental variation has great influence on the performance 

of the PV system. For the simulation, there should be different 

irradiance with the difference in temperature. The different 

weather condition should be applied to the simulation then only 

it is valid for the characterization of the fault condition according 

to the environment. The IV characteristics of each level are 

different from another level. The cumulative curve of cell gives 

rise to the module and the cumulative curve of module gives the 

curve of the array.  For the detection of the location of the fault, 

it is necessary to record the IV characteristics of the fault 

condition of each level of the PV system. 

B. Identification of symptoms 

The result of simulation of the different faults in the 

PV system is shown in figure 8. This figure gives the 

potential symptoms of different faults associated with 

PV system. Any fault can generate a single of several 

symptoms but some symptoms are common to several 

faults. Therefore, the detailed studies should be 

carried out to figure out the exact fault in the system. 

Basically, there are four zones that can be affected by 

the fault in the PV system. The first zone is the zone1, 

it’s a zone of the open circuit voltage. Zone 2 is the 

zone of the short circuit current. Similarly, Zone 3 is 

the zone of in between the open circuit voltage and 

short circuit current. Finally, Zone4 represent the 

slope of either short-circuit current or open circuit 

voltage. 

 

 
Figure 7 IV curve of PV module in different conditions 

 
Table 3 Faults symptoms and its zone 

Symptom Area of Characteristic 

IV 

Consequences 

S1  Reduction of maximum 

power 

S2 Zone1 Reduction of the open 

circuit voltage 

S3 Zone2 Reduction of short-circuit 

current 

S4 Zone3 Presence of one or more 

inflection points 

S5 Zone4 Deviation of the slope 

 
The symptom “S1” is the first symptom that can be identified from 

the comparison because it is obvious that any fault will lead to a 

loss of the power produced main difference is the magnitude of 

power loss. On the other hand, this observation is not always true 

because certain faults do not lead to any loss of power e.g. 

disconnection of bypass diode. 

The symptom “S2” is the difference between the open circuit 

voltage of the PV system in normal operating condition and the 

faulty condition.  

The symptom “S3” is the difference between the short-circuit 

current of the P-V system in normal operating condition and faulty 

condition.  

The symptom “S4” is based on the presence of one or more 

inflection points. These inflection points are results from the 

conduction of one or more bypass diode in case of shading. Partial 

shading is the major cause for this kind of fault. 

The symptom “S5” refers to the deviation of the slope of IV curve 

at the faulty condition as compared to the normal operating 

condition. This deviation is caused by the parasitic resistance 

appeared in the solar cell and other external wire resistances. 

 

 

C.  Qualitative analysis of detection 

Now it is required the qualitative analysis of the potential fault. 

Different faults have different influence in the IV characteristic of 

the PV system. It is required to find the peculiar characteristics for 

each fault which is the signature of that fault.   
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Table 4 Fault signatures of PV modules 

S no Nature of fault S1 S2 S3 S4 S5 

1 Normal condition 0 0 0 0 0 

2 Bypass diode 

disconnection  

0 0 0 0 0 

3 Bypass diode short circuit 1 1 0 0 0 

4 Inverse of bypass diode 1 1 0 0 0 

5 Shading  1 1 0 0 0 

6 Increase temperature 1 1 0 0 0 

7 Module short circuit 1 1 1 0 0 

8 Module inverse 

connection 

1 1 1 0 0 

9 Partial shading 1 1 0 1 0 

10 Shunt resistance 1 0 0 0 1 

11 Series Resistance 1 0 0 0 1 

12 Bypass diode failure 1 1 0 0 1 

13 Shunt module  1 1 0 0 1 

 

The qualitative analysis of the faults detection is required for the 

determining the fault and its location. The characteristics of each 

fault remain the same when the fault is at the module or of the 

string.  The symptom “S1” appears for all the defects so this 

symptom doesn’t contribute to identifying the fault. Therefore, it 

is necessary to exclude this symptom and examine the symptom 

“S2 to S5”. When these symptoms were identified, the signature 

table is constructed for the diagnosis of the faults. This analysis 

is done with the comparison of the healthy and faulted PV 

system.  

 

D. Flowchart: 

The flow chart for the above-mentioned algorithm is given 

following figure 9. 

 

 
Figure 8 Flowchart. 

 

V. EXPERIMENTAL WORKS AND SIMULATIONS 
 

Matlab (Matrix Laboratory) is the high-level programming 

language developed by Math Works. All the simulation works are 

carried out in Matlab. 

 
Figure 9 Matlab model for a solar cell  

The equation governing the Matlab simulation is given in 

equation no (viii) 

𝐼 = 𝐼𝑝ℎ − 𝐼𝑠 〈exp (
𝑉+𝐼𝑅𝑠

𝑁∗𝑉𝑡
) − 1〉 − 𝐼𝑠2 〈exp (

𝑉+𝐼𝑅𝑠

𝑁2∗𝑉𝑡
) − 1〉 − (

𝑉+𝐼𝑅𝑠

𝑅𝑝
).(ix) 

 

The Matlab also allows you to choose the 5 parameters model by 

assuming the shunt resistance infinite and inverse saturation 

current of the second diode to be zero. 

 
Table 5 Parameter a solar cell 

Sno Parameters Value Unit 

1 Short circuit current 0.435 Ampere 

2 Open circuit voltage 0.59 Volt 

3 Irradiance 1000 Watt/m2 

4 Ideal factor 1.3895  

5 Series Resistance 0.005 Ω 

 
An eperiment is carried out to trace the IV and PV curve of a 

solar cell. The figure 11 shows IV and PV curve from 

experimentt. The curves are plotted for different irradiances. 

 
Figure 10 IV and PV curve from experiment
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Figure 12 shows the simulation of two solar cell in series 

operating in a different irradiance and temperatures. 

 
Figure 11 IV and PV curve of two cell in series  

A.  Shading 

Shading on a group of cells will reduce the total generated 

power output of the panel by two reasons; it reduces the input 

energy and increases losses in the shaded cell. Shading is also 

responsible for creation of hotspot, which consequently 

increases the cell power dissipation and aging and eventual 

damage of the device [10]. The generation of current by normal 

cells are limited by shaded cells. The figure 13 show a simple 

configuration for the study of partial shading and its IV and PV 

curves can be seen in figure 14. 

 
Figure 12 Shading of a group of solar cells 

 
Figure 13 IV and PV curves of shading of a group of solar cells 

The use of a bypass diode provides a pathway for current in a 

group of the cell and avoid a severe power loss in a PV module 

as well as it provides the multiple maximum points of operations 

which can be seen in the fig.16. 

 
Figure 14 Simulation of shading on a group of solar cells 

 

 
Figure 15 Simulation of shading of a group of solar cells 

B. Fault on a bypass diode 

A bypass diode is wired parallel with an individual group of cells 

to provide a current path in case the cell (or module) becomes 

faulty or open circuited as shown in fig 16. One of the main 

technologies used by photovoltaic panels to mitigate the shading 

effects consists the use of this electronic device. The bypass diode 

is connected in reverse bias condition between the group of cells. 

A short circuit of a bypass diode, reverse connection, acts a 

resistance are the faults associated with a bypass diode. A short 

circuit and reverse connection give the decrease in the open circuit 

voltage of PV module eventually result in a loss of the output 

power as it changes the MPP point shown in fig 17. 

 
Figure 16 A model of a PV module 
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Figure 17 Simulation of faults on a bypass diode 

 
 

C. Faults in a PV module 

A PV module consists of three groups of cells and collectively has 

the following data parameter as given in table 6. The different 

probable faults are simulated shown in fig 18 and the results on the 

power generation are given in table 7. From the simulation, it is seen 

that shading has a most significant effect on power lost followed by 

the short circuit in a bypass diode. The increase in temperature has 

least significant as well as the degradation which is modelled by 

adding a series resistance. 

 
Table 6 Data parameter of a PV module 

Sno Description Value 

1 Open circuit voltage (Voc) 38.5 V 

2 Short circuit current (Isc) 9.43 A 

3 Voltage at maximum power (Vmp) 31.5 V 

4 Current at maximum power (Imp) 8.89 A 

5 Temperature coefficient of Voc -0.31 V/K 

6 Temperature coefficient of Isc -0.053 A/K 

 

 

 
Figure 18 Simulation of a PV module 

 
Table 7 Power lost by a PV module in different faults 

Sno Condition Power Available 

(W) 

Power 

loss (%) 

1 STC 271.739 0 

2 50% Shading 1388.88 48.88 

3 Series resistance (0.5 Ω) 204.13 24.868 

4 Effect of temp (60 °C) 250.705 7.728 

5 Short circuit of 1 BP diode 178.61 34.258 

 

 
D. Fault on a string of PV modules 

The PV array is the combination of series and parallel connection 

of the number of PV modules. The fault in a string is the fault 

associated with the PV module and non-return diode. 

Mismatches are also likely to occur in the string. Mismatch of 

modules occurs when the parameter of one module is significantly 

changed from others [11]. They are also likely to occur due to 

different environments. Mismatch losses may lead to a serious 

problem causing a drastic change in power generation. The 

difference environmental condition of a module in the same string 

gives such mismatch cases. The environmental conditions are 

irradiance, operating temperature. Partial shading, non-uniform 

temperatures in modules results in temporary mismatch while 

aging, hotspots, open circuit faults result in the permanent 

mismatch. 

 

 

a. Open voltage fault 

Figure 19 is the representation of the PV string having three 

modules in parallel. A fault has occurred on the middle module 

there is no supply of the power from the middle PV module due to 

fault in the diode (open circuit). The data parameters are the same 

as the above module. The figure 20 shows the IV and PV curves 

before and after the occurrence of fault and table 8 presents the 

available power after the fault has happened. The aging problem 

of the string has been simulated in the following case study 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 20 IV and PV curve of string of PV module on open voltage fault 

 
Table 8 Power available in open voltage fault 

Sno Power in normal 

case 

Power in fault case   Power 

available (%) 

1 1249.184847 W 832.7898977 W 66.667 

 

 

VI. CASE STUDY OF NEPAL 

Nepal is a developing country lies between two big courtiers China 

and India. Nepal is a beautiful country with geographical as well 

as cultural diversities. Since Nepal is a developing country so 

demand for energy is increasing. Nepal is said to be one of the 
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richest countries in the world for the water resource but 

unfortunately there no proper utilization of it. Despite the huge 

potential of hydropower, Nepal is suffering from energy 

deficient. Currently, only 76% [11] of total Nepal population has 

connected to the national grid and rest of the population still 

relies on traditional sources of power. Even in the electrified 

areas, there has been a power shortage. In this context, solar 

power has emerged as one of the best solutions since it is 

environment-friendly and consumes less time to implement. 

Currently, the government of Nepal is not focusing on the grid-

connected solar power, but they are focusing on the isolated 

system so that people of remote places can have the access to 

lighting than other works. 

 

 

Nepal is increasing the utilization of photovoltaic energy. There 

are more than hundred solar companies working in the field of 

photovoltaic technology. The solar companies basically provide 

the installation facilities and some maintenance work. Generally, 

in Nepal, a solar company gives the guarantee/warranty for the 

certain period. In that period, any malfunction, the companies 

maintain or monitors defects. The most maintenance work done 

is Nepal is checking the battery conditions and checking of 

connections during the warranty period. After the completion of 

the guarantee period, the maintains of fault monitoring case is 

very rare. Due to improper cleanliness problems, the solar panels 

have dust, dirt, sand, clay etc. the deposition of this kind of 

material not decrease the efficiency of the panel but also causes 

effective aging, corrosion in the metallic connection. The 

following are the most frequent faults in the case of Nepal 

 • Shading 

• Inappropriate position of panel (hit and trial 

method) 

• Dust, dirt, soiling, poor cleanliness, careless 

• Poor connections, corrosion of cable, joints 

• No monitoring body, use it until it works after 

some malfunctions then only alert 

• No budget for maintenance work 

 

Case study 

The simulation work is carried out for the real site. The site is 

one of the villages of Nepal known as Bhorleni, V.D.C, 

Makawanpur where the solar PV is installed as the primary 

source of the electricity. The installed capacity of the solar PV 

system is 35 KW. The installed system can have various 

unfavourable environmental conditions. This part tries to 

simulate the effect of such unfavourable conditions on that site 

for one panel. The system will behave as the integration of this 

single panel ie the generalization can be done for other panels for 

the whole system. 

a. Case – I: The partial uniform shading 

The shading effect decreases the power generation of the PV 

panel and it is described in the earlier part. Now it is required the 

quantitative analysis rather than qualitative analysis. The 

simulation results present the variation of voltage, current, and 

power in accordance with the shading problem. The figures 

below show the difference in the output for the two different 

cases i.e. in a normal case and in the cloudy day. Cloudy can be 

presumed as the partial uniform shading problem. The result 

clearly shows there is an extreme decrease in the output current 

as seen in fig 22 whereas, the voltage as shown in fig no 22. The 

comparison of the data obtained is shown in the fig. 23 

 
Figure 21 Generation of Current (down) and Voltage (up) with time of a 

day 

 

 
Figure 22. Comparison of data for normal and cloudy day 

b. Case-II Degradation of the system 

As the installed system must withstand the different weather 

conditions. The variation in the weather condition has a different 

effect on the PV system. The electrode oxidation and EVA and 

back sheet delamination are the major factors for degradation [4]. 

The degradation of the solar module can be modelled with help of 

the increase in series resistance. The following simulation is 

considering the context of Nepal rural village, where there is 

seldom maintenance occurs so it is logical to increase the 

significant value of resistance for the simulation work, reference 

taken from an example of Korea [4]. The simulation results show 

the gradual decrease of power generated by PV string. Table 9 

shows the power degradtion with its uses over a time. 

 
Figure 23 IV and PV curve for degradation of PV string 
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Table 9 Power degradation with use for a long time 

Sno Years Resistance Power 

Generated (W) 

Power available 

(%) 

1 1st Negligible 249.83 100 

2 5th 0.27Ω 232.56 92.8 

3 10th 1Ω 187.24 74.9 

 
  

VII. CONCLUSION 

From this thesis work, solar cells are studied, the parameter 

associated with the cells are determined from the dark IV 

characteristics. The non-operating conditions of PV system are 

studied with the variation of the physical parameter as well as the 

level of the PV system. The symptoms and operating zone of 

different faults are defined. The algorithm for determining the 

kind of faults and level of fault is presented. The experimental, 

as well as simulation, is carried out from the different kind of 

faults. The different kind of faults associated with a solar cell is 

the presence of the series resistance, mismatch effects, these are 

the 

faults mostly depend upon the manufacturing process. The fault 

with the module of PV cell are the faults associated with bypass 

diode, its inability to behave as required, partial shading, 

degrading, aging, hotspots etc. The fault associated with the 

string of a PV is the mismatch of the PV modules, it may 

temporary or permanent mismatch. The temporary mismatch is 

the result of the partial shading, an uneven temperature of the 

modules, whereas the permanent mismatch is the cause of the 

aging degradation, hotspot creation etc. These all faults are 

simulated and observed the IV and PV characteristics. These 

simulated results are the references for the detection of the faults. 

 

VIII. FUTURE WORKS 

The simulation work to carried out in the Matlab for all the non-

operating condition is not possible. The modelling in the 

simulation works sometimes do not work as in the practical field. 

Though Matlab provides much flexible for modelling it is not 

sufficient to model and simulate all the faults associated with PV 

panel. However, in the future, the modelling of each fault which 

is unable to simulate can be a model with great precision. In this 

thesis, only the theoretical simulation is carried out, the validity 

of simulation work should be performed in the practical field, 

this provides the future work. After only the practical 

experiments this work will be a reference to the others, so it is 

important to execute the experimental setup to validate this work 
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