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Abstract. This paper analyzes the impact of the snail trails and cracks phenomena in 200 

Wp photovoltaic (PV) modules to energy output after five years of operation. Data 

collection was carried out through string voltage measurement, visual inspection, and 

Real Operating Conditions (ROC) test for permanently degraded PV especially the type 

of snail trail and crack degradation conducted at the Lotas Off-Grid PV System, South 

Central Timor Indonesia. For this paper, we applied quantitative methods to analyze data. 

The result shows that the permanent degradation caused by the snail trail will experience 

a maximum power decrease of 67 Watt per m2, while permanent degradation caused by 

crack will experience a power decrease of 551 Watt/m2. 
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1 Introduction 

The use of solar energy for electricity production sharply increased due to the ongoing 

CO2 emission reduction policies and significant technical developments from Photovoltaic 

(PV) technology [1], and solar modules are one of the best choices for rural electricity 

providing it  is difficult to be reached by the Indonesian state electricity company (PLN) [2],[3]. 

At present solar modules are considered a reliable technology for providing short and medium-

term electricity [4]. Also, over the past decade, the cost of producing PV cells has dropped, 

making electricity costs closer to the costs of conventional fuels. This development requires a 

detailed evaluation of PV performance over the life span to identify potential degradation 

phenomena [5], [6]. Examples of degradation phenomena that occur in operating PV systems 

are browning encapsulants, delamination and bubble formation in encapsulants, back sheet 

polymer cracks, front surface fouling, blackening at the bottom of the module, junction box 

connection, corrosion, busbar oxidation, and discoloration, crossing degradation isolation 

junction cables, and glass damage [7]. 

Over the past few years, snail trail has increasingly occurred in PV systems in the months 

after installation. This effect appears on the front or edge of the solar cell [8], such as small 

narrow dark lines and discoloration on the cell surface. In previous studies, the correlations 

between changes in the color of the snail trail in cells and cell micro crack have been found. 

Meyer et al. [9] conducted chemical tests, investigated infrared Fourier transforms, and 

measurements of X-ray photoelectron spectroscopy on PV modules for the analysis of snail 

trace defects. The snail trail was correlated with chemical reactions that occur between silver 

finger tissue and air humidity. 
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Photovoltaic (PV) modules that are in an open environment receive different weather 

conditions, so many problems cause a decrease in the performance of PV modules, both 

temporarily and permanently. Permanent degradation occurs due to the age factor of the PV 

module and it will get worse when it does not well maintenance [10]. The economic life span 

of a PV module is calculated to be 20 years by the manufacturing industry. Lotas Off-Grid PV 

System capacity of 30 KWp is located in South Central Timor Regency, built-in 2013 by the 

Directorate General of EBTKE of the Ministry of Energy and Mineral Resources and it was 

first time used in 2014. Lotas Off-Grid PV System is now 5 years old and is not functioning 

optimally and it is suspected that the PV module used was degraded. However, it is necessary 

to know with certainty the level of degradation through technical inspection and measurement 

of variables that affect the performance of the PV module. By doing so, the characteristics of 

the degraded PV module can be found. Thus the decrease in the maximum power of the PV 

module performance can be known with certainty to determine the maintenance and repair 

needed, for that reason this research needs to be conducted.  

The degradation of the performance of PV modules caused by outdoor conditions is very 

significant. Temporary degradation factors that affect PV performance include: 1) Solar 

intensity. 2) Temperature. 3) Module placement position and 4) Shadow. The intensity of 

sunlight radiation in Kupang is very optimum in the dry season. In the mornings, afternoons 

and evenings the sun's radiation is very influential on the energy output of PV Modules [11]. 

PV module performance in the form of maximum power output varies with seasons. At the end 

of the summer and/or dry season, the temperature will increase and the performance of PV 

modules tends to increase [12]. 

Temperature is an important parameter of the operation of a PV system. The temperature 

coefficient for the open-circuit voltage ranges from -2.3 mV / ºC. Therefore, the voltage 

coefficient of a PV module is negative and very large because it consists of 33 to 36 cells 

connected in series. The voltage is determined by the operating temperature of the PV and solar 

radiation. So that the PV output power with different specifications can be compared, the 

current and voltage values at certain times need to be converted to standard values using the 

formulas in equations (1) and (2) [13]: 

 =  +  ( ) + α ( - )............................................................................................. (1) 

 = - ( - ) – k. (  - ) + β (  - )........................................................................ (2) 

From (1) and (2), Pmax = I2.V2  

Where: I1, V1 are coordinates of points on the measured characteristics; I2, V2 are coordinates 

of the corresponding points on the corrected characteristic; G1 is the irradiance measured with 

the reference device; G2 is the irradiance at the standard or other desired irradiance; T1 is the 

measured temperature of the test specimen; T2 is the standard or other desired temperature; Isc 

is the measured short-circuit current of the test specimen at G1 and T1; α and β are the current 

and voltage temperature coefficients of the test specimen in the standard or target irradiance 

for correction and within the temperature range of interest; Rs is the internal series resistance 

of the test specimen; k is a curve correction factor. 

The Fill Factor (FF) is the value of the voltage and current ratio at the maximum power 

state with the open circuit (Voc) voltage and short circuit current (Isc). The formulation is 

presented in equation (3). Pmax is one of the important electrical variables of a PV module that 

is often used by manufacturers to show a decrease in performance and is used to measure the 



 

percentage decrease of power (DoP) in the performance of degraded PV modules using 

equation (4). 

 

FF= ................................................................................................................................... (3) 

 

DoP =  x 100%................................................................................................. (4) 

 

Where: Pnmax is new PV module and Pcmax is current PV module. 

 

Degradation is one of the important factors considered for calculating Lifetime Energy 

Production in determining the Level of Cost of Electricity in the use of PV [14], therefore, 

studies or research on reliability and durability PV has become an interesting topic for 

researchers in recent years [15]. In a study of the degradation of PV in several regions with 

different climatic conditions, concluded that the change in color on the surface of the PV from 

a base color to yellowish (yellowing) was more significantly observed in PV that existed in 

countries with higher environmental temperatures (higher ambient temperatures). 

Degradation due to temperature was quantified further in another study in Africa [16] 

which found that, in addition to dust, an Organic PV (OPV) system experienced a 20% 

decrease in performance due to temperature measured after the system operated for 2.5 years. 

Dolara [17] in his research in Italy investigating the degradation of PV modules found that the 

PV had snail trails, micro-cracks on PV cells. As a result of these factors, PV modules that 

have been installed for 3 years have decreased Pmax by 10% to 30% from initial capacity. The 

same study was also conducted in 2016 for PV modules that had been installed for 20 years in 

Italy. Visually there are several degradation factors such as discoloration, junction box 

corrosion, delamination, front glass defects, busbar corrosion, fingers defects, cracks, dirt 

soiling and dark areas. As a result of these factors, there is a Pmax degradation of 22% per 

year. Another study [10] on PV modules with 20 years of age also found degradation factors as 

revealed [17]. 

This research is a development of previous research [11], especially in the technical 

inspection of the Off-Grid PV system focusing on cracks and snail trail. This research is aimed 

at finding the percentage of degradation caused by the snail trail and cracks as well as the 

decrease in power due to two types of permanent degradation in PV module. The novelty of 

this research is the optimization of inspection time by searching for damage per string through 

measurement of the output voltage of PV modules per string. The types of permanent damage 

that will be examined in this study include cracks and snail trail which are considered as major 

defects during operation. It can reduce more than 10% of the PV area and snail trails [10], 

[18]. 

2 Method 

The first step of this research is measuring the voltage per string (Figure 1) so that the 

lowest voltage per string will be found. It is an indication of degradation in the PV modules 

which then proceed with a visual inspection. Measuring cracks and snail trail degradation is 

carried out for finding out the percentage of permanent damage ie the area of damage 

compared to the area of the PV module. After that, the module performance test is done by 

measuring the daily variables that affect the performance through the Real Operating 



 

Conditions (ROC) test include the measurement of: 1) Open-circuit voltage (Voc) 2) Short-

circuit current (Isc). 3) Solar radiation (G). 4) The temperature inside of the PV module 

(Figure 2). 

Methods of data analysis using quantitative methods with quantification of measurement 

results both snail trail and crack area measurements as well as measurement results of 

variables that affect the performance of PV modules such as Voc, Isc, G, and T and calculating 

Pmax and energy production.   
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Fig.1. Schematic of the PV module voltage measurement at string connection  

 

 
 

Fig.2. Schematic of the Real Operating Conditions (ROC) test  

 



 

3  Results and Discussion  

Lotas Off-Grid PV system consists of 8 strings and each string consists of 19 PV 

modules, bringing the total PV modules of 152. Each module has a capacity of 200 Wp. The 

lowest voltage measurement results for each string are string 1 and string 2 as shown on Table 

1. For time effectiveness, visual observations are made on strings 1 and 2. The results found in 

string 1 are two solar modules that are indicated by snails trail and one module that has cracks 

is presented in Figures 3. 

 

Table 1. PV Module specification and string voltage measurement at  

Lotas Off-grid PV system 

String (s) Vs (Volt)

Brand Isolar-1 String 1 593

Model Type SPU-180M String 2 598

Peak Power (Pmax) 200 W String 3 736

Open Circuit Voltage (Voc) 45.9 V String 4 681

Sort Circuit Current (Isc) 5.5 A String 5 609

Peak Voltage (Vmp) 38.7 V String 6 609

Peak Current (Imp) 5.17 A String 7 711

Weight 15.21 Kg String 8 667

Dimension 1580x808x35 mm

Maximum System Voltage 1000 V

Maximum Series Fuse Rating 10A

Cell Technology Mono-Si

Number of Modules per String 19

Number of Strings 8

Spesification of PV Modules and String
String Voltage Measurement

 
 

The results of observation through visual inspection show that the Percentage of 

Degradation (PoD) of PV Module 1 in string 1 is caused the snail trail of 84.60%, PV module 

2 in string 1 is also caused by snail trail of 66.01%, while PV module 3 string 2 is caused the 

crack of 3.98%.  The degradation of the PV module is presented in Figures 3, while the 

Percentage of Degradation (PoD) of PV Module are presented in Table 2. 

 

 
Fig. 3. The snail trail and crack degradation of the PV modules 



 

Table 2. Percentage of Degradation (PoD) of PV module 

Nr String PV Module ToD AD (m2) PoD (%) 

1 1 1 Snail Trail 1.08000 84.60% 

2 
1 2 

Snail Trail 1 0.20025 15.69% 

3 Snail Trail 2 0.64240 50.32% 

4 
2 3 

Crack 1 0.02400 1.88% 

5 Crack 2 0.02684 2.10% 

Where: AD: Area Degradation of PV Module; AoM: Area of PV Modules 1.27664 m2; ToD: Type of 

Degradation; PoD: Percentage of Degradation 
 

The ROC test results of PV module (200 Wp) on August 14, 2019, for 6 hours showed 

that the new PV module (Pmax) had the maximum power of 189.31 Watt. Meanwhile the old 

PV module, for maximum power of PV module after degradation by snail trails in PV module 

1 in string 1 (Pmax1) of 105.25 Watt and PV module 2 on string 1 (Pmax2) was140.52 Watt.  

The maximum power of the PV module after degradation by a crack in PV module 3 in string 

2 (Pmax3) was 158.85 Watt. Maximum power comparison curve before and after the snail trail 

and crack degradation through the ROC test are presented in Figure 4 and I-V curves of PV 

module before and after snail trail and crack degradation are presented in Figure 5. 

 

 
Fig. 4. Pmax curves before and after snail trail and crack degradation  

 

 

Fig. 5. I-V curves of PV modules before and after snail trail and crack degradation  



 

The average energy decrease after degradation by snail trails on PV module 1 in string 1 

(DoE1) is 46% and the average energy decrease after degradation by snail trails on PV module 

2 in string 1 (DoE2) was 28%, while decrease of energy average after degradation by crack on 

PV module 3 in string 2 (DoE3) was 18%. Impact of snail trail and crack to energy decrease 

PV modules presented on Table 3. 

 

Tabel 3. Impact of snail trail and crack to energy decrease PV modules 
Time Emax Emax1 Emax2 Emax3 DoE1 (%) DoE2 (%) DoE3 (%)

WITA (Wh) (Wh) (Wh) (Wh) (%) (%) (%)

10.00 893            471           676           730           47% 24% 18%

10.30 1.136         632           843           953           44% 26% 16%

11.00 1.108         617           803           924           44% 28% 17%

11.30 1.116         637           806           932           43% 28% 17%

12.00 1.115         633           805           910           43% 28% 18%

12.30 971            551           699           802           43% 28% 17%

13.00 1.013         568           749           928           44% 26% 8%

13.30 941            518           675           702           45% 28% 25%

14.00 839            422           599           681           50% 29% 19%

14.30 710            357           502           565           50% 29% 20%

15.00 622            288           436           488           54% 30% 21%

Average 951            518           690           783           46% 28% 18%  

4  Conclusion  

Permanent degradation caused by snail trails on the PV modules area (200 Wp) of 1.08 

m2 (84.69%) will decrease the energy of 434 Wh (46%), while permanent degradation caused 

by cracks in the PV modules area on 0.051 m2 (3.98 %) will decrease the energy of 168 Wh 

(18%). Permanent degradation caused by the snail trails at PV modules (200 Wp) will 

experience a maximum power decrease of 67 Watt/m2, while permanent degradation caused by 

crack will experience a power decrease of 551 Watt/m2. 
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