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The rapid emergence and evolution of renewable energy sources such as
solar energy has become a vital component of the global effort to meet the
energy needs of the future. The major concerns for continuous solar
photovoltaic (PV) generation are degradation rate, hot spots. These factors
lead to the negative impact on PV mismatch losses, fill factor, maximum
power and efficiency. To improve the performance of PV system, the
simplest solution is PV panel configuration hence in this paper spider web
tie (SWT) based PV Panel configuration in proposed. The proposed
configuration is implemented on KC200GT PV Panel of 5x5 size PV panels
considering degradation rate, hot spot. The performance of SWT
configuration is compared with series-parallel (SP), bridge-link (BL), triple-
tied (TT), and photovoltaic (PV) panel configurations and performance
parameters such as Vmp, Imp, Pmp, Voc, Isc. FF, APml, and n are
calculated in all the cases. In all the cases the proposed SWT configuration

exhibited the improved performance.
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1. INTRODUCTION

Despite the various challenges that solar photovoltaic (PV) system face, such as the high cost of
electricity, they are still considered to be the best option for addressing the future energy needs of nations. In
the next decade, the cost of renewables is expected to come down, making PV systems an ideal alternative to
fossil fuels. The rapid emergence and evolution of PV markets are attributed to various factors. Some of
these include the increasing demand for energy, the government's support for renewable energy sources and
the technological advancements that have occurred in the field. Nevertheless, the performance of the PV
system is of major concern. The output of the PV panels is effected by various factors. Degradation rate and
hotspots are notable parameters affect the output of the PV panel [1]-[3]. Degradation rate of PV panel lead
to decrease in PV output over a period of time [4], [5]. This leads to the increase in PV mismatch losses and
decrease in efficiency and fill factor [6]. In a PV module, a hot spot represents an over proportional heating
of a single solar cell or a cell part compared to the surrounding cells [7]. When the operating current of a PV
module exceeds the short-circuit current due to the faulty or shadowed cell, it can cause overheating. This
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condition can cause the affected cell to get forced into reverse bias, which then dissipates the power in the
form of overheat and this leads to the hot spot [8]-[11]. Deng et al. [12] analysed the effects of hotspots in
the PV panels using ANSYS simulation software. Studies in [13]-[15] reviewed the impact of panel
degradation rates.

To improve the performance of PV system, the simplest solution is PV panel configuration hence in
this paper spider web tie (SWT) based PV panel configuration in proposed. The proposed configuration is
implemented on KC200GT PV Panel of 5x5 size PV panels considering degradation rate, hot spot. The
performance of SWT configuration is compared with series-parallel (SP), bridge-link (BL), triple-tied (TT),
and PV panel configurations and performance parameters such as Vmp, Imp, Pmp, Voc, Isc. FF, APml, 1 are
calculated in all the cases. In all the cases the proposed SWT configuration exhibited the improved
performance.

2. DEGRADATION RATE

PV panels are made up of PV cells that convert sunlight into electricity. Over time, PV panels can
experience a decrease in their energy output, which is known as degradation [16]—[18]. There are various
factors that contribute to the degradation rate of PV panels, such as temperature, humidity, UV radiation,
mechanical stress, and quality of material and manufacturing. The degradation rate of PV panels can have
several effects on their performance and overall efficiency. Some of the most notable effects of degradation
rate are reduced energy output, reduced lifespan, reduced return on investment, environmental impact, and
safety concern.

3. HOTSPOTS

A PV panel hotspot refers to an area on a PV panel where the temperature is significantly higher
than the surrounding area. This can occur when a portion of the panel becomes shaded or damaged, leading
to reduced power output in that area [19]-[22]. The reduction in power output causes the shaded or damaged
area to absorb more energy than it can dissipate, resulting in an increase in temperature.

3.1. Failures in PV systems due to hotspots

There are several types of failures in the PV systems due to the hotspot. Oufettoul et al. [23] suggest
about 49% of the failures in the PV systems are due to the hotspots [24], [25]. Some of the common failures
due to the hotspots are cracking, delamination, encapsulation material damage corrosion, bypass diode
failure, interconnection failure, arc fault, shading and soiling and mismatch fault. PV panel hotspots can have
several negative effects on the performance and reliability of PV systems as reduced power output, thermal
stress, risk of fire and reduced lifespan.

4. RESULTS AND DISCUSSIONS

The proposed configuration is implemented on KC200GT PV panel of 5x5 size PV panels
considering degradation rate, hotspot. The performance of SWT configuration is compared with SP, BL, TT,
and PV panel configurations and performance parameters such as Vmp, Imp, Pmp, Voc, Isc. FF, APml, and n
are calculated in the following cases:
— Performance evaluation considering degradation rate.
— Performance evaluation considering hotspot.

4.1. Performance evaluation considering degradation rate

In this work 1.37% and 2.7% of PV panel degradation rate for 10 years of operation is considered.
PV panels with degradation rates are considered as follows, the rest of the PV panels are not affected by the
PV panel degradation rate as shown in Figure 1. The above PV panel degradation rate condition is
implemented in Simulink on a test case of a KC200GT 200 W solar panel system as shown in Figure 2.

— The PV panels PV (12), PV (22), PV (32), PV (42), PV (52)-2.7% for 10 years of operation.
— The PV panels PV (14), PV (24), PV (34), PV (44), PV (54)-1.37% for 10 years of operation.

The performance of the SWT, SP, BL, and TT configurations are evaluated. Performance
parameters such as Vmp, Imp, Pmp, Voc, Isc. FF, APml, and n are calculated in all the cases and tabulated in
Table 1. It is observed that in the PV panel degradation rate condition the SWT configuration exhibits the
improved performance when compared to SP, BL, and TT configurations.

— The efficiency is improved from 13.039% to 13.587%,
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— Fill factor is improved from 74.385% to 74.874%,
— PV mismatch losses are reduced from 8.553% to 4.172%.
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Figure 1. PV panel considering degradation rate
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Figure 2. Simulink implementation of degradation rate

Table 1. Performance parameters under degradation rate

CMIR Vi (V) (A PuW) Ve k() g i n)
SP 131.805 34.97276 4609.585 163.665 37.864 74.385 8553 13.039
BL 131.988 35.02371 4622.710 163.811 37.899 74.460 8.245 13.076
TT 132.341  35.765 4733.176 164.248 38.612 74.633 5719 13.389
SWT 132971  36.124  4803.444 164.635 38.967 74.874 4.172 13.587

4.2. Comparison analysis

A comparison analysis is then carried out for the various parameters of the solar PV system, such as
the PV Mismatch losses Pml (%), fill factor FF (%), efficiency n (%), maximum power Pmp (W). Detailed
comparison charts are presented in Figures 3 to 6 respectively. Figure 6 maximum power Pmp (W).
In degradation rate, it is observed that the SWT configuration exhibited improved performance in comparison
with SP, BL, and TT configurations.
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4.3. Performance evaluation considering hot spots
In this work, 50% and 30% effect of hotspot condition is considered. The percentage of PV panels
that are effected by hotspots is as follows. The rest of the PV panels are not affected by the hotspots as shown
in Figure 7, the Simulink model is presented in Figure 8.
— The PV panels PV (12), PV (14), PV (23), PV (32), PV (34), PV (42), PV (44), PV (53)-50% effected by
hotspots.
— The PV panels PV (13), PV (22), PV (24), PV (43), PV (52), PV (55)-30% affected by hot spots.
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Figure 7. PV system considering hotspots

The performance of the SWT, SP, BL, TT configurations evaluated. Performance parameters such
as Vmp, Imp, Pmp, Voc, Isc. FF, APml, and n are calculated. All these cases are tabulated in Table 2. In the
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hotspot condition, it is observed that the SWT configuration exhibits improved performance compared to SP,
BL and TT configurations.

— The efficiency is improved from 9.550% to 10.402%.

— Fill factor is improved from 53.881% to 62.720%.

— PV mismatch losses are reduced from 48.213% to 36.074%.
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Figure 8. Simulink implementation of hot spots

Table 2. Performance parameters under hot spot condition
Configuration type Vi (V) Imp (A) Pup(W) Vo (V)  I(A)  FF (%) AP (%) 1n(%)

SP 137.085  24.627  3376.121 162.285 38.610 53.881  48.213 9.550
BL 137.121 24712 3388534 162.290 36.331 57.470  47.670 9.585
TT 137.445  24.898 3422.104 16233  36.122 58.360  46.221 9.680
SWT 137.663 26.71225 3677.288 162.345 36.114 62.720  36.074  10.402

4.4. Comparison analysis

A comparison analysis is then carried out for the various parameters of the solar PV system, such as
the PV mismatch losses Pml (%), fill factor FF (%), efficiency n (%), maximum power Pmp (W). Detailed
comparison charts are presented in Figures 9 to 12 respectively. From the above it is observed that the
proposed SWT configuration exhibited improved performance in comparison with SP, BL, and TT
configurations.
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Figure 11. Efficiency n (%) Figure 12. Maximum power Pmp (W)
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5. CONCLUSION

To improve the performance of PV system, SWT based PV Panel configuration in proposed in this
paper. The proposed configuration is implemented on KC200GT PV panel of 5x5 size PV panels considering
degradation rate, hotspot. The performance of SWT configuration is compared with SP, BL, TT, and PV
panel configurations and performance parameters such as Vmp, Imp, Pmp, Voc, Isc. FF, APml, and 1 are
calculated in all the cases. In all the cases the proposed SWT configuration exhibited the improved
performance. In the degradation rate condition, PV mismatch losses are reduced from 8.553% to 4.172%.
In the hotspots condition, PV mismatch losses are reduced from 48.213% to 36.074%.

REFERENCES

[1]  H. Yousufetal., “A review on degradation of silicon photovoltaic modules,” New & Renewable Energy, vol. 17, no. 1, pp. 19-32,
Mar. 2021, doi: 10.7849/ksnre.2021.2034.

[2]  S. Bouguerra, M. R. Yaiche, O. Gassab, A. Sangwongwanich, and F. Blaabjerg, “The impact of PV panel positioning and
degradation on the PV inverter lifetime and reliability,” IEEE Journal of Emerging and Selected Topics in Power Electronics,
vol. 9, no. 3, pp. 3114-3126, Jun. 2021, doi: 10.1109/JESTPE.2020.3006267.

[3] B. Aboagye, S. Gyamfi, E. A. Ofosu, and S. Djordjevic, “Investigation into the impacts of design, installation, operation and
maintenance issues on performance and degradation of installed solar photovoltaic (PV) systems,” Energy for Sustainable
Development, vol. 66, pp. 165-176, Feb. 2022, doi: 10.1016/j.esd.2021.12.003.

[4] A. H. M. Nordin, S. I. Sulaiman, and S. Shaari, “Life cycle impact of photovoltaic module degradation on energy and
environmental metrics,” Energy Reports, vol. 8, pp. 923-931, Nov. 2022, doi: 10.1016/j.egyr.2022.05.257.

[5] M. Bdour, Z. Dalala, M. Al-Addous, A. Radaideh, and A. Al-Sadi, “A comprehensive evaluation on types of microcracks and
possible eects on power degradation in photovoltaic solar panels,” Sustainability (Switzerland), vol. 12, no. 16, p. 6416, Aug.
2020, doi: 10.3390/SU12166416.

[6] S. Chattopadhyay et al., “Visual degradation in field-aged crystalline silicon PV modules in India and correlation with electrical
degradation,” IEEE Journal of Photovoltaics, vol. 4, no. 6, pp. 1470-1476, Nov. 2014, doi: 10.1109/JPHOTOV.2014.2356717.

[71  A. H. Mohd Nordin, S. . Sulaiman, S. Shaari, and R. F. Mustapa, “Effect of photovoltaic (PV) module degradation rate on the
greenhouse gas emissions: a life-cycle assessment,” Journal of Electrical & Electronic Systems Research, vol. 18, no. APR2021,
pp. 58-62, Apr. 2021, doi: 10.24191/jeesr.v18i1.010.

[8] D. P. Winston et al., “Solar PV’s micro crack and hotspots detection technique using NN and SVM,” |IEEE Access, vol. 9,
pp. 127259-127269, 2021, doi: 10.1109/ACCESS.2021.3111904.

[91 N. Prajapati, R. Aiyar, A. Raj, and M. Paraye, “Detection and identification of faults in a PV module using CNN based
algorithm,” in 2022 3rd International Conference for Emerging Technology, INCET 2022, IEEE, May 2022, pp. 1-5. doi:
10.1109/INCET54531.2022.9825452.

[10] R. V. Mahto, D. K. Sharma, D. X. Xavier, and R. N. Raghavan, “Improving performance of photovoltaic panel by
reconfigurability in partial shading condition,” Journal of Photonics for Energy, vol. 10, no. 04, p. 1, Feb. 2020, doi:
10.1117/1.jpe.10.042004.

[11] A. Di Tommaso, A. Betti, G. Fontanelli, and B. Michelozzi, “A multi-stage model based on YOLOv3 for defect detection in PV
panels based on IR and visible imaging by unmanned aerial vehicle,” Renewable Energy, vol. 193, pp. 941-962, Jun. 2022, doi:
10.1016/j.renene.2022.04.046.

[12] S. Deng et al., “Research on hot spot risk for high-efficiency solar module,” Energy Procedia, vol. 130, pp. 77-86, Sep. 2017,
doi: 10.1016/j.egypro.2017.09.399.

[13] M. Kargaran, H. R. Goshayeshi, H. Pourpasha, 1. Chaer, and S. Zeinali Heris, “An extensive review on the latest developments of
using oscillating heat pipe on cooling of photovoltaic thermal system,” Thermal Science and Engineering Progress, vol. 36,
p. 101489, Dec. 2022, doi: 10.1016/j.tsep.2022.101489.

[14] C. L. Kuo, J. L. Chen, S. J. Chen, C. C. Kao, H. T. Yau, and C. H. Lin, “Photovoltaic energy conversion system fault detection
using fractional-order color relation classifier in microdistribution systems,” IEEE Transactions on Smart Grid, vol. 8, no. 3,
pp. 1163-1172, May 2017, doi: 10.1109/TSG.2015.2478855.

[15] L.-H. Fatima, C. A. Mohamed, L. N. Mamadou, and K. U. Anna, “Evaluation of the impact of partial shading on the performance
of photovoltaic panels,” Journal of Engineering and Technology Research, vol. 14, no. 1, pp. 1-8, Sep. 2022, doi:
10.5897/jetr2022.0733.

[16] A. Javeed, W. Ali, M. U. Aslam, U. Ali, H. Farooq and M. U. Ramzan, "Technical Feasibility Study of 150 kW Grid-Connected
PV System for an Academic Institution in Pakistan," 2024 IEEE 1st Karachi Section Humanitarian Technology Conference (KHI-
HTC), Tandojam, Pakistan, 2024, pp. 1-6, doi: 10.1109/KHI-HTC60760.2024.10482220.

[17] S. S. Kshatri, D. S. N. M. Rao, P. C. Babu, D. G. Kumar, and N. V. Sireesha, “Reliability evaluation of PV inverter considering
impact of reactive power injection,” in 2022 IEEE 2nd International Conference on Sustainable Energy and Future Electric
Transportation, SeFeT 2022, IEEE, Aug. 2022, pp. 1-5. doi: 10.1109/SeFeT55524.2022.9909259.

[18] S. S. Kshatri, J. Dhillon, and S. Mishra, “Impact of panel degradation rate and oversizing on pv inverter reliability,” in 2021 4th
International Conference on Recent Developments in Control, Automation and Power Engineering, RDCAPE 2021, IEEE, Oct.
2021, pp. 137-141. doi: 10.1109/RDCAPE52977.2021.9633585.

[19] S. S. Kshatri, J. Dhillon, and S. Mishra, “High resolution MP based electro thermal modelling of PV inverter for junction
temperature estimation,” in 2022 International Virtual Conference on Power Engineering Computing and Control: Developments
in Electric Vehicles and Energy Sector for Sustainable Future, PECCON 2022, IEEE, May 2022, pp. 1-7. doi:
10.1109/PECCON55017.2022.9851147.

[20] S. S. Kshatri et al., “Reliability analysis of bifacial PV panel-based inverters considering the effect of geographical location,”
Energies, vol. 15, no. 1, 2022, doi: 10.3390/en15010170.

[21] H. Agharazi et al., "Installation and Testing of a Two-Level Model Predictive Control Building Energy Management System,"
in IEEE Transactions on Control Systems Technology, vol. 32, no. 2, pp. 326-339, March 2024, doi:
10.1109/TCST.2023.3313961.

Indonesian J Elec Eng & Comp Sci, Vol. 35, No. 3, September 2024: 1397-1403



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 O 1403

[22] S. S. Kshatri, J. Dhillon, S. Mishra, A. T. Haghighi, J. D. Hunt, and E. R. Patro, “Comparative reliability assessment of hybrid
Si/SiC and conventional si power module based PV inverter considering mission profile of India and Denmark locations,”
Energies, vol. 15, no. 22, p. 8612, Nov. 2022, doi: 10.3390/en15228612.

[23] H. Oufettoul, N. Lamdihine, S. Motahhir, N. Lamrini, I. A. Abdelmoula, and G. Aniba, “Comparative performance analysis of PV
module positions in a solar PV array under partial shading conditions,” IEEE Access, vol. 11, pp. 12176-12194, 2023, doi:
10.1109/ACCESS.2023.3237250.

[24] 1. Rahul and R. Hariharan, “Enhancement of solar PV panel efficiency using double integral sliding mode MPPT control,”
Tsinghua Science and Technology, vol. 29, no. 1, pp. 271-283, Feb. 2024, doi: 10.26599/TST.2023.9010030.

[25] M. J. Alshareef, “A comprehensive review of the soiling effects on PV module performance,” IEEE Access, vol. 11,
pp. 134623-134651, 2023, doi: 10.1109/ACCESS.2023.3337204.

BIOGRAPHIES OF AUTHORS

Dr. Suresh Kumar Asadi © B4 B8 © his higher studies in Ph.D. Electrical Engineering by
Coursework at the Department of Electrical and Electronics Engineering, Sri Venkateswara
University, India. He pursuied his Master of Engineering from Sri Venkateswara University,
India. At present he is working in the Department of Electrical and Electronics Engineering,
G Pullaiah College of Engineering and Technology, Kurnool. His research area is PV panel
configuration, solar data analatics, small hydro power plants, grid integration of renewable

energy systems, electric vechicles. He published various paper in SCI and Scopus indexed
journals. He attended various international and national conferences. He can be contacted at
2 email: madhuryaas@gmail.com.

Dr. Jinka Sreeranganayakulu g 12 has completed his UG in Electrical and
Electronics Engineering from JNTU, Hyderabad, PG in Power System Operation and Control
from Sri Venkateswara University, Tirupati in the years 2005 and 2008 respectively. He
completed his Ph.D. from JNTUA, Anantapuramu. He is presently working as Assistant
Professor in Annamacharya Institute of Technology and Sciences, Rajampet, Andhra Pradesh,
India. His areas of interests in research are power system protection, FACTS and fuzzy
systems. He can be contacted at email: ranga2k6@gmail.com.

Dr. Sainadh Singh Kshatri REIE © his higher studies in Ph.D. Electrical Engineering by
Coursework at the School of Electronics and Electrical Engineering, Lovely Professional
University, India. He pursued his Master of Engineering from Andhra University, India. At
present he is working in the Department of Electrical and Electronics Engineering, B V Raju
Institute of Technology, Narspur. His research area is reliability of PV inverter, solar data
analatics, small hydro power plants, grid integration of renewable energy systems, electric
vechicles. He published various papers in SCI and Scopus indexed journals. He attended
various international and national conferences. He can be contacted at email:
sainadhsingh@gmail.com.

Karimulla Syed Mohammad Bl 2 received the B.Tech. degree in Electrical and
Electronics Engineering from the Jawaharlal Nehru Technological University Hyderabad,
India, in 2002. M. Tech. degree in Electrical Power Systems in 2009 from the Jawaharlal
Nehru Technological University Hyderabad, India, and Ph.D. degree in Power Systems
Engineering from Acharya Nagarjuna University, Guntur, Andhra Pradesh, India. Also
currently working in University of Technology and Applied Sciences (UTAS)-Shinas,
Sultanate of Oman as faculty in Department of Engineering. He has authored or coauthored
more than 10 publications: His research interests include electrical power systems, renewable
energy, smart grids and microgrids. He can be contacted at email: syedkarimullal@gmail.com.

Performance evaluation of PV configurations considering ... (Suresh Kumar Asadi)


mailto:syedkarimulla1@gmail.com
https://orcid.org/0000-0002-7771-0604
https://scholar.google.com/citations?hl=en&user=3bTbJVcAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57410313100
https://orcid.org/0000-0001-8478-8584
https://scholar.google.co.in/citations?user=dCzKxdQAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57133043900
https://orcid.org/0000-0003-2357-0180
https://scholar.google.co.in/citations?user=JyAIN8YAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57133185500
https://www.webofscience.com/wos/author/record/2134986
https://orcid.org/0000-0002-6768-1352
https://scholar.google.com/citations?hl=en&view_op=list_works&gmla=AH70aAUqHuubaKUQLH6f8VyC5a-Biei9-tw7VDBE3-9ROZzu4Vzj6t0wa-Qqis0oGP8smxGltpwiJ321MxqsZYCc5Rv-&user=OJkLK00AAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57212047892
https://www.webofscience.com/wos/author/record/IWV-0969-2023

