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Currently several technologies are being developed to produce electricity 

from renewable sources, and the degrees of maturity, performance and 

lifetime are very different from one technology to another. This work 

presents a study by a simulation and analysis for clarity the effect of aging 

of a photovoltaic module associated with an energy production system of 

renewable origin installed in a desert environment. The PV array has a 

nominal power of 9,2KWp, and the photovoltaic module used in this 

study is heterojunction with intrinsic thin layer technology of 230WP. 

During this work, we obtained the system production is 17131 KWh/year, 

the producible is 1862 KWh/KWp/year, and the normalized production 

is 5,10 KWh/KWp/day, with the losses of the system is 

0,16KWh/KWp/day. The performance ratio of our simulated system is 

about 0,822, and the collection loss of the photovoltaic field is LC = 

0,94KWh/KWP/day, with loss system is LS = 0,16 KWh/KWP/day, and 

the aging rate of photovoltaic module estimated by simulation around the 

14% for 25 years of electrical production in a desert environment. 
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1. Introduction  

Energy is one of the engines of development of societies; it is also the pillar of the modern 

economy. It is the spark which enables the accomplishment of all human activity. Its sources 

diversified over time to meet the ever-increasing needs of industry and consumers. Today, a 

high of percentage of the energy used  in the world comes from deposits of fossil fuels (coal, 

oil, gas) or uranium[1]. One the most promising solutions for the energy future of humanity is 

the development of another form of energy known as renewable energy, these renewable 

energies are of natural origin, inexhaustible and non-polluting. In the global context of the 

diversification of the use of natural resources, recourse to renewable energies and in particular 

solar photovoltaic is increasing [2][3]. Current research and development efforts are leading to 

rapid progress, making the photovoltaic sector a sector in constant evolution. Photovoltaic 

energy is very suitable for typical and earthly applications, such as rural electrification, water 

pumping and telecommunication stations and this for economic reasons for these types of 

installations are often very far from the conventional networks power distribution, and require 

only small amounts of electricity[4]. Several software and computer codes calculated the 

performance and electrical power generated by a photovoltaic system, currently numerical 

modeling and simulation is almost indispensable for understanding, designing, and optimizing 

the photovoltaic system. Research work carried out to study the influence of aging and the loss 

mechanisms on the main characteristics of solar cells, A. Vasi et al study has clarified the 

influence of aging on the main characteristics of solar cells [5], the work of K. Krauss et al 

investigated the impact of LID on the conversion efficiency of different silicon solar cell 

architectures with and without ALOx passivation [6], the study of B. Sopori et al aims to 

understand the bulk ans surface components of lid in low Fe in c-Si solar cell[7], J. Schmidt et 

al presented the reviews the current status of the physical understanding of the degradation 

effect and an overview of different strategies for avoiding the degradtion[8], the effect and 

degradation by Snail trails in PV module has been studied by  S. Meyer et al [9], Miguel de 

Simón-Martín et al illustrates and analyzes cell and module degradation, mismatches and dust 

effects for preventive maintenance[10], Modanese et al show that the level of copper 

contamination and the quality of Cz silicon substrates is critical factor in light induced 

degradation[11], Kaushika et al calculed and found that in series string the fractional power 

loss would increase from 2% to 12%M with aging of solar cells[12],  

and various studies by theoretical and experimental around the phenomena of aging and 

analysis of mismatch losses in photovoltaic panels to know the effects of mismatch losses in 
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photovoltaic arrays[13][14][15][16][17][18]. The losses and degradation of photovoltaic 

systems are interested by several researchers in the world, whether it is by the modeling or 

experimental aspect, it is among these works allows them to find the study of hot spot 

susceptibility and testing of PV modules, which shows that shading can cause a larger 

temperature rise than current mismatch[19][26]. as well advanced modeling approaches to 

determine the losses by different degradation phenomena in geographical site clearly determine 

to be presented in the work named Modeling of photovoltaic soiling loss as a function of 

environmental variables[20]. The studies of degradation and aging of photovoltaic modules are 

also extended to the photovoltaic system by way of mentioning, not exclusive, we find 

Performance, energy loss, and degradation prediction of roof-integrated crystalline solar PV 

system installed in northern India[21], the contribution to the modeling of ageing effects in PV 

cells and modules[22], commonly observed degradation in field aged  photovoltaic 

modules[23], degradation and longevity of solar photovoltaic modules- An analysis of recent 

field studies in Ghana[24],the  ageing and degradation in solar photovoltaic modules installed 

in northern Ghana[25]. 

The simulation becomes an essential means for the prediction of the behavior and the electrical 

production of photovoltaic system and these losses, we propose in this work a contribution to 

the determination of the aging rate of a photovoltaic module 230Wp using the PVsyst software 

demo version 6.8.8 downloadable on the official site of PVsyst[27], also it is worth noting that 

are many works that have used PVsyst software to calculate and estimate the energy production 

by photovoltaic system whether connected to the grid or stand alone, whose objective is to 

evaluate the electricity production system of photovoltaic origin[28][29][30][31][32][33]. 

2. Definition and data settings 

This work focused on the simulation of a system connected to the electricity grid, with a view 

to completing the aging and degradation parameters of the long life PV module in a Sahara site. 

Usually, the idea to determine and calculate the rate of aging of a photovoltaic module uses 

accelerated aging systems in the real case, and to perform this technique we must have the 

necessary equipment. I got around these constraints by using PVsyst software version 6.8.8 to 

calculate the losses and the rate of aging of the HIT modules due to the various degradation 

phenomena: i) loss of Mismatch, ii) losses IAM, iii) degradation and aging [34]. The PV array 

has a nominal power of 9,2 KWp, of which the total surface of the modules is 50 m2, made up 

of 40 panels with configuration of 4 strings, each string contains10 modules in series, the 



Journal of Renewable Energies 24 (2021) 230 – 240   

233 
 

photovoltaic module used has a power of 230 Wp of heterojunction with intrinsic thin layer 

technology.  

 

Fig 1. Configuration PV System. 

The simulation was performed for a configuration fully injected into the grid by means of an 

inverter Sunny Tripower 1000TLEE-JP-11SMA of 9,9 KW power, the basic data of the module 

used in our simulation are defined by: the photovoltaic module model is VBHN230SF51, the 

module area is 1,261 m2, number of cells is 72 in series, the maximal power in standard 

condition test is 230Wp, Isc=5,78A, Voc=52,1V, Im=5,42A, Vm=42,5V, the absolute maximum 

field voltage under ICE standard conditions is 1000V (Voc at the lowest temperature). Under 

standard test conditions the efficiency of the cell is 21,09%, and the efficiency of the module is 

18,33%, the figure below illustrates the variations of the efficiency of Pmax with respect to the 

temperature and the illumination at the cell surface: 

 

Fig 2. Efficiency as function illumination and temperature cell. 
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The model parameter of characteristic I(v) of HIT module Panasonic VBHN230SE51 are : 

Rshunt =250 Ohm, Rserie = 1,387Ohm, diode ideality factor is 1,201, temperature coefficient 

with respect to Isc is 1,7mA/°C, the temperature coefficient with respect to Voc is -120mV/°C. 

 

Fig 3.  a) On the right I(v) vs illumination, b) on the left I(v) vs temperature. 

Field orientation parameters : fixed  inclined plane, inclination is 36°, azimuth is 0°, 

transposition factor is 1,06, loss from optimum is -0,5%, overall irradiation over the sensor plan 

is 2291 kWh/m2, according on the irradiation data from the Tamanrasset site in the PVsyst 

database and according to the references [35][36][27]. The following figure shows the horizon 

line and legal time of the installation site:  

 

Fig 4.  Horizon line and legal time of site. 

For the albedo coefficient, the best value for a given situation is obtained by a direct 

measurement on the site by a pyranometer turned towards the ground. The albedo coefficient 

for our case is 0,2 value for an urban situation. 

3. Results and discussion  
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The main results of electricity production from our system are: the system production is 17131 

KWh/year, the producible is 1862 KWh/KWp/year, and the normalized production is 

5,10KWh/KWp/day, with the losses of the system is 0,16KWh/KWp/day. The performance index 

of our simulated system is about 0,822, and the collection loss of the photovoltaic field is LC = 

0,94KWh/KWP/day, with loss system is LS = 0,16 KWh/KWP/day, in order to produce useful 

energy output from the inverter is  5,1 KWh/KWP/day. 

 

Fig 5. Normalized production per KWp over the year. 

A variation in the average temperature of the photovoltaic field during operation as a function 

of effective global irradiation is given by the following figure: 

 

Fig 6. Average temperature of the PV field during operation over the year. 
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According to figure 6 it can be seen that the average temperature of the photovoltaic field over 

the year is very distant from the temperature of the standard test condition, this is mainly due 

to the desert atmosphere of the site. We then focus on the losses of the photovoltaic field to 

determine the rate of aging of the HIT technology module used in our study case. We have a 

loss of 2,5% of the effective performance of the modules compared to the manufacturers 

specifications, the IAM losses is about 2,2%, the wiring resistance loss is -1,2%, and mismatch 

on the I(v) characteristic of the photovoltaic field of our system is shown in the following figure: 

 

Fig 7. Influence of losses on I(V) characteristic of the PV field.  

The string mismatch loss is the difference between the average strings power and the resulting 

maximum power point with voltage drop due to wiring resistance with string wire length is 200 

m, and the string wiring resistance is 1504 mOhm is shown in the following figure: 

 

Fig 8.  Mismatch between two strings. 
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The mismatch power loss between two strings is about 1W which represents a percentage of 

0,05%. The current mismatch loss for one module in the string is 2,08% with a current relative 

difference about 10% , and that illustrate by the following figure: 

 

Fig 9.  Current mismatch, one module in the string. 

The electrical losses by effect current mismatch for one photovoltaic module in a string with 

the relative difference of 10% is shown in the following figure: 

 

Fig 10.  Influence of the mismatch on the I(V) characteristic of string 

To calculate the aging rate for our system over 25 years, the PVsyst software performs a random 

degradation variation for each module; the evolution of the mismatch is calculated by the 

Monte-Carlo method. So for a calculation over 65 tests, the aging of the modules over 25 years 
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is 4,15% average mismatch loss and 2,09 % mismatch loss, the following figure shows the 

degradation rate of the HIT module over an operating period of  25 years. 

 

 Fig 11.  Degradation per year of operation. 

From the figure 11 the percentage of degradation is approximately around 14% for our case 

study by simulation, we can say that the aging rate of the solar penal is very acceptable for a 

period of 25 years operation. Through the figure, we can see the curve of the basic degradation 

do not go down under the cure of module warranty, it is considered as a positive point presented 

by our system. 

4. Conclusion 

Through this simulation study in PVsyst software, we found a percentage of 14% aging of the 

230 Wp photovoltaic panel (Heterojunction with intrinsic thin layer technology) during a 25 

year of service life in a 9,2 KWp photovoltaic system installed in a desert environment. This 

percentage is considered acceptable considering the good electrical yield of the PV system and 

the performance ratio which estimated at 82%. 
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