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ARTICLE INFO ABSTRACT

The main objective of this study is to systematically review research on
environmental parameter modeling for photovoltaic systems and to highlight recent
methodological trends. PV performance is strongly influenced by environmental
factors such as solar irradiance, temperature, wind speed, dust, humidity,
precipitation, and atmospheric pressure. Accurate modeling of these parameters is
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essential for improving efficiency and reliability. To address this, the study employs
bibliometric and content analysis of Scopus publications from 1984 to 2024. Results
show a 9.13% annual growth in related studies, with China, India, Italy, the U.S,,
and Iran as leading contributors. Modeling approaches are categorized into white-
box, black-box, and hybrid methods. Findings indicate that while white-box models
provide interpretability, machine learning-based black-box models achieve higher
predictive accuracy. Hybrid models, integrating physical and data-driven techniques,
offer the most robust solutions. The study underscores the increasing role of ML in
PV performance and recommends future research on hybrid frameworks, 10T-
enabled data collection, and explainable Al.

Content analysis.
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Photovoltaic (PV) systems are among the fastest-growing renewable energy technologies due to their
significant role in reducing greenhouse gas emissions and dependence on fossil fuels. However, their
performance is strongly influenced by environmental parameters such as solar irradiance, temperature,
dust accumulation, wind speed, humidity, and atmospheric pressure, which introduce considerable
variability in power output. To address this challenge, two main modeling approaches have been
widely adopted: physics-based (white-box) models and data-driven (black-box) models. While white-
box models provide physical interpretability, they often fail to capture the nonlinear behavior of real
operating conditions. In contrast, machine learning-based black-box models offer high predictive
accuracy but suffer from limited transparency and generalization issues. Consequently, hybrid
modeling approaches have recently emerged as a promising solution. Given the rapid growth of this
field, a comprehensive and systematic review is required to identify research trends, methodological
developments, and existing knowledge gaps.
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Materials and Methods
A hybrid systematic review methodology was adopted, incorporating bibliometric analysis and content
analysis.

Bibliometric Analysis: Research articles from Scopus (1984-2024) were analyzed to determine
publication trends, citation impact, leading journals, geographic distribution of authors, and keyword
co-occurrence networks.

Content Analysis: Studies were categorized based on modeling approaches, emphasizing white-box
models, black-box models, and hybrid approaches. The effectiveness of ML techniques, including
Artificial Neural Networks (ANNSs), Support Vector Machines (SVMs), Decision Trees (DT), and
Deep Learning models (LSTM, CNN), was evaluated. To provide a clear overview of the adopted
methodology, a flow diagram (Fig. 1) has been included. The diagram illustrates the two main
components of the study: (i) bibliometric analysis, which covers data collection from Scopus, trend
identification, and keyword co-occurrence analysis; and (ii) content analysis, which categorizes
modeling approaches into white-box, black-box, and hybrid models. This visual representation helps
readers to easily follow the logical sequence of the study.
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2024 articles)

|
|
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Content Analysis
mm Publication trends
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Fig. 1. The diagram for the methodological process.
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Results

The bibliometric analysis reveals a strong and continuous growth in research on environmental
parameter modeling for PV systems, with an average annual publication growth rate of 9.13%. Major
contributions originate from China, India, Italy, the United States, and Iran, reflecting both
technological advancement and high solar energy potential in these regions. Keyword co-occurrence
analysis identifies three dominant research clusters: (i) the impact of environmental parameters such as
temperature, dust, and humidity on PV performance; (ii) modeling techniques, including numerical,
machine learning, and hybrid approaches; and (iii) technological advancements related to PV
optimization, such as maximum power point tracking and intelligent control strategies.

The content analysis shows that white-box models remain valuable for physical interpretation but
struggle with nonlinear environmental dynamics. Black-box machine learning models demonstrate
superior predictive accuracy, particularly when handling complex interactions among environmental
parameters. Hybrid models consistently outperform individual approaches by combining physical
understanding with data-driven learning, highlighting their growing importance in recent studies.
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Discussion and Conclusion

The results of this review confirm and extend findings reported in earlier studies, which highlighted
the limitations of physics-based models in accurately representing nonlinear and dynamic
environmental conditions affecting PV systems. While white-box models are essential for theoretical
insight and parameter estimation, their applicability is often restricted under real-world operating
conditions. In contrast, machine learning-based models, including artificial neural networks and deep
learning architectures, have demonstrated superior predictive capabilities in capturing complex
environmental effects such as dust accumulation, temperature fluctuations, and irradiance variability.
A key contribution of this study is the identification of a clear and accelerating shift toward hybrid
modeling approaches. By integrating physical principles with data-driven learning, hybrid models
achieve improved accuracy, robustness, and partial interpretability, addressing the shortcomings of
standalone methods. The bibliometric trends further indicate that research in this domain is expanding
globally and becoming increasingly interdisciplinary. Despite these advances, challenges related to
data quality, model transparency, and cross-climatic generalization remain unresolved. Future research
should focus on hybrid ML—physics frameworks, real-time data acquisition through 10T technologies,
transfer learning for multi-region applicability, and explainable artificial intelligence techniques.
Overall, this review provides a structured roadmap for advancing PV performance modeling under
diverse environmental conditions.
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2. Efficiency
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4. Dust Effect
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2. Training
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1. Target variable

2. Features

3. Regression

4. Classification

5. Clustering

6. Root Mean Squared Error (RMSE)
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1. Autoregressive Integrated Moving Average (ARIMA)
2. Multi-variant Linear Regression

3. Kernel Ridge Regression (kRR)

4. Convolutional Neural Network (CNN)
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1. Gradient Boosting (GB)



14 OIS 9 030308 | (sutedd 95 Kbyl (slodilolw 9, Klas yy pigo o slo oyl (s jlwJto (55500 dlho

Solggd slaslob 3,Skes ol 86 (Gilodse 5 oyl cal 38> Ol o)l )5 lon Jlad 5 Cagb, ol
ol 3 oxdplnl (cwlidez yo ot 4 dagi b 293 (Sllee (sladiza (il 5 ()90 500 d9s2 9o Bl oo c(siudyg>
23 gldlie ) uile ($x53L 5 Gyt Solggd saailols 3 Slas (ot ladie (S g9 dw lic
s 4 &Sl gy s gladiloln 5, Slas Doty ) LmJ Caodl > 4 biSa dagasge pl .Cul 48)3 )13 dasgi 390
latngg lodd dius y Gilise ame byl )0 (sandy 5 Sllged slaaibols 3.5 lupiy 5 gl S (18
e o)l (cw)p (lp 5503 ot )sSll g g5 comas laaSid Wil dle (65 slagshy) ) goaaie
IS 00 (5245 Siglidgs (glailolus IS 5T

5 Sellygd slaaibols 5o J5e e sboyielll gilodae sl Sopllss 950 ingh (1l (hol Slaal
Ol s yobo & 2lgizne g (cwlida yo Sl ol Cusl 0391 050>l 3 (Sioy SIS 5 (ng5 sladig) 2lulid
3 lyme Jdo5 g 0j nl (1938l39) Cumal Sly sele il dtwgy A3 (ob Hob 4 S oo Sty |) Sl
(555 aol B Al oMo baasdly cpl .ol oSy g o0l sla Jde Caon s (Sujd sla e 51 NS Basas i
wong )3 Wjlocor bg) (sebBlile (s pdimren g e (s 03> CudS laptlle disej )3 1) (lojl sl 3dl
A o &l oa] clajimgh (glp paduio pue g 4t addllae Glual b bgy L3 ygpe cpl slad ygliwd

s bla wilg o cdiiS o odliiwl oluwdirs § Mbwdzs o 90y 3l ST S5 gl o) o LS ladors dulde
b o Jo >l Gl Gnpie €85 398 ol dle (6153L b (g oo oS 5 s by |) S e
Flabelid p dlge 58 Gree b b pgal (Bily Glaghy) w5 epdear b SRRl 03508 slaodls &
il dudo laailels 3 Slae g9 Lulyd g )le g2 S

adlllas ol &l 5l )8 ol (glalaio s (rsliisl g oo o A a5 5 slabe s &S Jb
3 oslizl (St €85 GBI st S5 653l b dsgs Jold oanl slagingly sl Woslgiiy ol o35
38des ilwdingg Sly (Eoane (h9n Sl xSore 9 0038 3lge )3 (gileae dgme (sl JUE 6 xSl oSS
ol Ll oyl (ol S (laosls 5l (63500 oizmen Cunl pite (dazme Lulyd )3 (gindyob Sullged slaaloles
g2 anlgs 05 cul y el slasi) ) (S ot grUde S5



VFoF ) 6lacs B 8593 il (7o (oloppmisins dolilias IAY

&b

[1] Mahmoudian Yonesi S, Gandomzadeh M, Mosayyebi A, Mazlom Farsibaf M, Zandi M. Modeling
the supply chain of LNG with system dynamic method (Case study: Iran). Strateg Stud Pet Energy
Ind. 2024;60(16).

[2]Jami M, Parsay A, Gandomzadeh M, Mosayyebi A, Gavagsaz-Ghoachani R, Zandi M. Future
Energy Modeling Pathway in Iran: Scenario Analysis Using Cross-Impact Balance Method. J
Sustain Energy Syst. 2024;3(2):193-208.

[3] Gholami A, Deghan Banadaky M, Gholami A. Advancing Sustainability in Dairy Farming:
Integrating Renewable Energy and Dietary Innovations. In: 2025 10th International Conference on
Technology and Energy Management (ICTEM). 2025.

[4]Parsay A, Gandomzadeh M, Gholami A, Gavagsaz-Ghoachani R, Phattanasak M. Multi-Purposeful
Visualization Card: A Creative Teaching Tool For Attractive Engineering Education. 4th Res
Invent Innov Congr Innov Better Life (RI2C 2023). 2023;1-4.

[5]Parsay A, Gandomzadeh M, Yaghoubi AA, Hoorsun A, Gholami A, Zandi M, et al. Enhancing
photovoltaic efficiency: An in-depth systematic review and critical analysis of dust monitoring,
mitigation, and cleaning techniques. Appl Energy [Internet]. 2025 Jun;388:125668. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0306261925003988

[6]Alvari Y, Zandi M, Jahangiri A, Ameri M, Gholami A, Shahidi P, et al. BIPV-driven smart vertical
greenhouses: a water energy food environment nexus framework for sustainable urban agriculture.
Energy Nexus. 2025;19.

[7]Akhbari H, Eslami S, Gholami A. Long-term performance evaluation of hybrid solar thermal and
desalination Systems: Heat transfer fluids and advanced configurations insights. Case Stud Therm
Eng. 2025;73:106601.

[8] Goharian MS, Gandomzadeh M, Gholami A, Gavagsaz-Ghoachani R, Phattanasak M. Floating
Solar Photovoltaics: Design Classifications and Technological Trends. Proc - 2025 IEEE 7th Glob
Power, Energy Commun Conf GPECOM 2025. 2025;668—72.

[9]Minoofar A, Zandi A, Gholami A. Precise prediction models for floating and land-based
Photovoltaics: Comparative analysis for advancing sustainable energy and water management
solutions. Renew Energy. 2025;255.

[10] Piryaei Z, Gholami A, Zandi M, Gavagsaz-Ghoachani R, Phattanasak M. Advances in
Nanotechnology for Sustainable Photocatalytic Water Splitting. In: V International Conference on
Electrical, Computer and Energy Technologies (ICECET 2025). Paris: IEEE; 2025.

[11] Yousefi Roshan A, Gandomzadeh M, Alvari Y, Gholami A, Zandi M. Nanomaterials in Zero
Energy Buildings: A Comprehensive Review of Achievements, Challenges, and Urban
Perspectives. Urban Dev Policy Mak. 2025;

[12] Yaghoubi AA, Gandomzadeh M, Gholami A, Gavagsaz-Ghoachani R, Zandi M, Phattanasak M.
Harnessing Machine Learning with Advanced Linear Regression Models to Forecast PV System.
In: 2024 International Conference on Materials and Energy: Energy in Electrical Engineering
(ICOME 2024) [Internet]. IEEE; 2024. p. 1-4. Available from:
https://ieeexplore.ieee.org/document/10845673/

[13] Gandomzadeh M, Kabiri-Sedeh M, Gavagsaz-Ghoachani R, Zandi M. Practical reliability study
of a photovoltaic system for the supply of home load profile; Case study: Tehran city. In: 2019
Iranian Conference on Renewable Energy & Distributed Generation (ICREDG2019). Tehran;
2019. p. 1-6.

[14] Hoorsun A, Gandomzadeh M, Yaghoubi AA, Parsay A, Gholami A, Zandi M. Insights and
Research Trends of Dust and Cleaning in Solar Energy: A Bibliometric Review Study. In: 2024 9th
International Conference on Technology and Energy Management, ICTEM 2024. Behshahr,
Mazandaran, Iran: IEEE; 2024. p. 1-5.

[15] Bozorgpuore S, Gholami A. Impacts of Shading on Photovoltaic Panel Performance and
Mitigating Strategies. Iran Electr Ind J Qual Product. 2025;14(2):1-13.

[16] Ameri M, Gandomzadeh M, Yaghoubi AA, Gholami A, Zandi M, Gavagsaz-Ghoachani R.
Revolutionizing Solar Panel Maintenance in Photovoltaic Systems: Reviewing Intelligent UAV



IAr OIS 9 030308 | (sutedd 95 Kbyl (slodilolw 9, Klas yy pigo o slo oyl (s jlwJto (55500 dlho

Solutions for Efficient Dust Mitigation and Perspectives. In: 7th International Conference on
Advances in Mechanical Engineering (ICAME 2024). 2024. p. 111-9.

[17] Gandomzadeh M, Gholami A, Zandi M. Modeling Environmental Parameters Affecting the
Performance of Solar Photovoltaic Systems Using Machine Learning. 2025 10th Int Conf Technol
Energy Manag ICTEM 2025. 2025;

[18] Rostami S, Zeinalpourcharigh H, Kouhzadi Hikoee MA, Gandomzadeh M, Minoofar A, Gholami
A, et al. Convolutional Neural Networks for Hotspot Detection in Photovoltaic Systems. In: V
International Conference on Electrical, Computer and Energy Technologies (ICECET 2025). Paris:
IEEE; 2025.

[19] Kouhzadi Hikoee MA, Rostami S, Zeinalpourcharigh H, Gandomzadeh M, Minoofar A, Gholami
A, et al. PV Panel Defect Detection Based on CNN Machine Learning Using Electroluminescence
Dataset. In: V International Conference on Electrical, Computer and Energy Technologies
(ICECET 2025). Paris: IEEE; 2025.

[20] Gholami K, Karimi S, Rastgou A. Fuzzy risk-based framework for scheduling of energy storage
systems in photovoltaic-rich networks. J Energy Storage. 2022;52.

[21] Piryaei Z, Gholami A, Zandi M. 4E performance evaluation of renewable microgrids :
Comparing hydrogen and battery storage for nearly net zero energy buildings. Energy Convers
Manag [Internet]. 2025;332(March):119711. Available from:
https://doi.org/10.1016/j.enconman.2025.119711

[22] Gandomzadeh M, Malandish E, Gavagsaz-Ghoachani R, Jafari H, Phattanasak M. Purposeful
Learning Booklet a method for teaching Engineering. In: 2019 6th International Conference on
Technical Education (ICTechEd6). 2019. p. 1-6.

[23] Yaghoubi AA, Gandomzadeh M, Gholami A, Gavagsaz Ghoachani R, Zandi M, A. Kazem H.
Optimize photovoltaic panels cleaning scheduling framework based on variations of hourly-based
active electricity pricing in the market. Sol Energy. 2024 Jun;275(May):112633.

[24] Gholami A, Ameri M, Zandi M, Ghoachani RG, Kazem HA. Predicting solar photovoltaic
electrical output under variable environmental conditions: Modified semi-empirical correlations for
dust. Energy Sustain Dev. 2022;71:389-405.

[25] Gandomzadeh M, Gholami A, Zandi M. Modeling Environmental Parameters Affecting the
Performance of Solar Photovoltaic Systems Using Machine Learning. In: 2025 10th International
Conference on Technology and Energy Management (ICTEMZ2025). Tabriz; 2025.

[26] Gandomzadeh M, Mahmoudian Younesi S, Mosayyebi A, Zandi M. Development scenarios for
electrical energy storage in Iran with Cross-Impact Balance method. J Sustain Energy Syst
[Internet]. 2022;1(4):373-96. Available from: https://ses.ut.ac.ir/article_91815.html?lang=en

[27] Gandomzadeh M, Yaghoubi AA, Hoorsun A, Parsay A, Gholami A, Zandi M, et al. Dust
mitigation methods and multi-criteria decision-making cleaning strategies for photovoltaic systems:
Advances, challenges, and future directions. Energy Strateg Rev. 2025;57:101629.

[28] Rezvani M, Gholami A, Gavagsaz-Ghoachani R, Zandi M. A Review on The Effect of Dust
Properties on Photovoltaic Solar Panels’ Performance. J Renew New Energy. 2023 Mar;10(1):198—
211.

[29] Yaghoubi AA, Gandomzadeh M, Parsay A, Gholami A, Gavagsaz-Ghoachani R, Zandi M. A
Review on Machine Learning Model Implementation for Photovoltaic Systems. In: 2024 11th
Iranian Conference on Renewable Energy and Distribution Generation, ICREDG 2024. Yazd, Iran:
IEEE; 2024. p. 1-5.

[30] Jordehi AR. Parameter estimation of solar photovoltaic (PV) cells: A review. Renew Sustain
Energy Rev. 2016;61:354—71.

[31] Chen D, Irwin D. Black-box solar performance modeling: Comparing physical, machine
learning, and hybrid approaches. ACM SIGMETRICS Perform Eval Rev. 2017;45(2):79-84.

[32] Gaviria JF, Narvaez G, Guillen C, Giraldo LF, Bressan M. Machine learning in photovoltaic
systems: A review. Renew Energy. 2022;196:298-318.

[33] Gholami A, Ameri M, Zandi M, Gavagsaz Ghoachani R. Electrical, thermal and optical modeling
of photovoltaic systems: Step-by-step guide and comparative review study. Sustain Energy Technol
Assessments. 2022 Feb;49:101711.



[34] Silva LAC, Ruiz LGB, Criado-Ramoén D, Bessa JG, Micheli L, Jiménez M del CP. Assessing the
impact of soiling on photovoltaic efficiency using supervised learning techniques. Expert Syst
Appl. 2023;231:120816.

[35] Yaghoubi AA, Gandomzadeh M, Gholami A, Gavagsaz-Ghoachani R, Zandi M. Long-term
comparative analysis of machine learning models: A deep dive into applications of artificial
intelligence for enhancing photovoltaic performance prediction. Int J Electr Power Energy Syst.
2025;170.

[36] Gholami A, Ameri M, Zandi M, Gavagsaz Ghoachani R. Electrical, thermal and optical modeling
of photovoltaic systems: Step-by-step guide and comparative review study. Sustain Energy Technol
Assessments. 2022;49.

[37] Zandi M, Amirhosseini M. Solar Energy; Solar Photovoltaic Systems. 2021. 418 p.

[38] Baig MQ, Khan HA, Ahsan SM. Evaluation of solar module equivalent models under real
operating conditions - A review. J Renew Sustain Energy. 2020 Jan;12(1):012701.

[39] Yildiran N, Tacer E. Identification of photovoltaic cell single diode discrete model parameters
based on datasheet values. Sol Energy. 2016;127:175-83.

[40] Notton G, Cristofari C, Mattei M, Poggi P. Modelling of a double-glass photovoltaic module
using finite differences. Appl Therm Eng. 2005;25(17-18):2854-77.

[41] Siddiqui MU, Arif AFM, Kelley L, Dubowsky S. Three-dimensional thermal modeling of a
photovoltaic module under varying conditions. Sol energy. 2012;86(9):2620-31.

[42] Weiss L, Amara M, Ménézo C. Impact of radiative-heat transfer on photovoltaic module
temperature. Prog Photovoltaics Res Appl. 2016 Jan;24(1):12-27.

[43] Smestad GP, Germer TA, Alrashidi H, Fernandez EF, Dey S, Brahma H, et al. Modelling
photovoltaic soiling losses through optical characterization. Sci Rep. 2020;10(1):58.

[44] Russell SJ, Norvig P. Artificial intelligence: a modern approach. Pearson; 2016.

[45] Sahin G, Isik G, van Sark WGJHM. Predictive modeling of PV solar power plant efficiency
considering weather conditions: A comparative analysis of artificial neural networks and multiple
linear regression. Energy Reports. 2023;10:2837-49.

[46] Paletta Q, Hu A, Arbod G, Lasenby J. ECLIPSE: Envisioning CLoud Induced Perturbations in
Solar Energy. Appl Energy. 2022;326.

[47] Jiao X, Li X, Yang Y, Xiao W. Novel and comprehensive approach for power loss estimation of
soiled photovoltaic modules. Sol Energy. 2024;268:112283.

[48] Kassem Y, Othman AA. Selection of most relevant input parameters for predicting photovoltaic
output power using machine learning and quadratic models. Model Earth Syst Environ.
2022;8(4):4661-86.

[49] Tina GM, Ventura C, Ferlito S, De Vito S. A state-of-art-review on machine-learning based
methods for PV. Vol. 11, Applied Sciences (Switzerland). 2021.

[50] Keddouda A, Thaddadene R, Boukhari A, Atia A, Arict M, Lebbihiat N, et al. Photovoltaic
module temperature prediction using various machine learning algorithms: Performance evaluation.
Appl Energy. 2024;363:123064.

[51] Kayri I, Aydin H. ANN Based Prediction of Module Temperature in a Single Axis PV System.
In: IEEE Global Energy Conference, GEC 2022. 2022. p. 361-7.

[52] Fara L, Diaconu A, Craciunescu D, Fara S. Forecasting of Energy Production for Photovoltaic
Systems Based on ARIMA and ANN Advanced Models. Int J Photoenergy. 2021;2021.

[53] Li J, Ward JK, Tong J, Collins L, Platt G. Machine learning for solar irradiance forecasting of
photovoltaic system. Renew Energy. 2016;90:542-53.

[54] Ceylan |, Erkaymaz O, Gedik E, Gurel AE. The prediction of photovoltaic module temperature
with artificial neural networks. Case Stud Therm Eng. 2014;3:11-20.

[55] Hammad B, Al-Abed M, Al-Ghandoor A, Al-Sardeah A, Al-Bashir A. Modeling and analysis of
dust and temperature effects on photovoltaic systems’ performance and optimal cleaning
frequency: Jordan case study. Renew Sustain Energy Rev. 2018 Feb;82(April 2017):2218-34.

[56] Sharma S, Joshua Thomas J, Vasant P. Performance Analysis and Effects of Dust & Temperature
on Solar PV Module System by Using Multivariate Linear Regression Model. In: Artificial
Intelligence for Renewable Energy and Climate Change. 2022. p. 217-75.



144 OIS 9 030308 | (sutedd 95 Kbyl (slodilolw 9, Klas yy pigo o slo oyl (s jlwJto (55500 dlho

[57] Amer HN, Dahlan NY, Azmi AM, Latip MFA, Onn MS, Tumian A. Solar power prediction
based on Artificial Neural Network guided by feature selection for Large-scale Solar Photovoltaic
Plant. Energy Reports. 2023;9:262—6.

[58] Durganjali CS, Avinash G, Megha K, Ponnalagu RN, Goel S, Radhika S. Prediction of PV cell
parameters at different temperatures via ML algorithms and comparative performance analysis in
Multiphysics environment. Energy Convers Manag. 2023;282:116881.

[59] Mohammad AT, Hussen HM, Akeiber HJ. Prediction of the output power of photovoltaic module
using artificial neural networks model with optimizing the neurons number. Int J Renew Energy
Dev. 2023 May;12(3):478-87.

[60] Villan JS, Mantalaba RR, Diaz RJB, Albios KDO, Elevencionado VT, Benares NP, et al. Dust
Impact Assessment on Micro Solar Voltage: A Deep Learning-Enabled Prediction Approach. In:
2023 IEEE 15th International Conference on Humanoid, Nanotechnology, Information Technology,
Communication and Control, Environment, and Management (HNICEM). 2024. p. 1-5.

[61] Yousif JH, Kazem HA, Bwalya KJ. Dust impact on photovoltaic technologies: a comparative
analysis using deep recurrent neural networks. Energy Sources, Part A Recover Util Environ Eff.
2024;46(1):3023-40.

[62] Tossa AK, Soro YM, Coulibaly Y, Azoumah Y, Migan-Dubois A, Thiaw L, et al. Artificial
intelligence technique for estimating PV modules performance ratio under outdoor operating
conditions. J Renew Sustain Energy. 2018;10(5).

[63] Tripathi AK, Aruna M, Venkatesan EP, Abbas M, Afzal A, Shaik S, et al. Quantitative Analysis
of Solar Photovoltaic Panel Performance with Size-Varied Dust Pollutants Deposition Using
Different Machine Learning Approaches. Molecules. 2022;27(22).

[64] Ra N, Varman S, Antony Joseph K, Bhattacharjee A. Prediction of Optical Performance of Solar
PV under the Impact of Natural Dust Accumulation: Machine Learning Approach. In: 2023 IEEE
IAS Global Conference on Renewable Energy and Hydrogen Technologies, GlobConHT 2023.
2023. p. 1-5.

[65] Kayri I, Bayar MT. A new approach to determine the long-term effect of efficiency losses due to
different dust types accumulation on PV modules with artificial neural networks. J Clean Prod.
2024;434:140282.



