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Abstract

The enormous dependency on fossil fuel–based energy and mechanization is leading to

unprecedented environmental challenges. The adverse impact of human-made

technology on the environmental challenges is undeniable, necessitating a balanced

approach between energy consumption and environmental sustainability. As societies

become increasingly reliant on modern technology, so global power consumption is

projected to be increased significantly, highlighting the urgency for sustainable energy

solutions. Although renewable energy offers a viable alternative, it faces several
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challenges, particularly in the field of solar energy. Using the photoelectric effect

principle, PV converts solar radiation into electrical energy and is a promising renewable

solution. This technology is hindered by efficiency-reducing factors such as temperature-

induced losses, shading effects, dust accumulation, and infrared radiation absorption. To

overcome these limitations, hybrid PV technology has been introduced, integrating

thermal management solutions to enhance efficiency and cost-effectiveness while

optimizing heat utilization. Among different techniques, the cooling mechanism plays a

major role in mitigating thermal losses, improving system performance, and extending

the operational lifespan of PV panels. This study examines hybrid PVT system,

emphasizing its benefits, drawbacks, and categories. PVT systems are still a viable energy

source with scope to develop and have possibilities for further study into cost-

effectiveness and performance improvement, despite the financial constraints and

technological limitations.

 This is a preview of subscription content, log in via an institution  to check

access.

Access this chapter

Subscribe and save

Springer+ from €37.37 /Month

Buy Now

Log in via an institution

Starting from 10 chapters or articles per month

Access and download chapters and articles from more than 300k books and 2,500

journals

Cancel anytime

View plans 

7/9/26, 12:37 AM Modeling and Characterization of Photovoltaic Thermal System an Overview | Springer Nature Link

https://link.springer.com/chapter/10.1007/978-3-032-10281-2_13 2/10

https://wayf.springernature.com/?redirect_uri=https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F978-3-032-10281-2_13
https://wayf.springernature.com/?redirect_uri=https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F978-3-032-10281-2_13
https://link.springer.com/product/springer-plus


Chapter EUR 29.95

Price includes VAT (Portugal)

eBook EUR 171.19

Hardcover Book EUR 213.99

Tax calculation will be finalised at checkout

Purchases are for personal use only

Institutional subscriptions 

Explore related subjects
Discover the latest articles, books and news in related subjects, suggested using machine

learning.

Energy Conservation Solar Thermal Energy Photovoltaics

Renewable Energy Thermal Process Engineering Thermophotovoltaics

References

Available as PDF

Read on any device

Instant download

Own it forever

Buy Chapter 

7/9/26, 12:37 AM Modeling and Characterization of Photovoltaic Thermal System an Overview | Springer Nature Link

https://link.springer.com/chapter/10.1007/978-3-032-10281-2_13 3/10

https://www.springernature.com/gp/librarians/licensing/agc/ebooks
https://www.springernature.com/gp/librarians/licensing/agc/ebooks
https://link.springer.com/subjects/energy-conservation
https://link.springer.com/subjects/solar-thermal-energy
https://link.springer.com/subjects/photovoltaics
https://link.springer.com/subjects/renewable-energy
https://link.springer.com/subjects/thermal-process-engineering
https://link.springer.com/subjects/thermophotovoltaics


1. Ahmed, M.T., Rashel, M.R., Islam, M., Hoque, T.T., Tlemçani, M., Janeiro, F.M.:

Characterization, performance, and efficiency analysis of hybrid photovoltaic thermal

(PVT) systems. Energies 18(5), 19961073 (2025)

2. Power consumption to triple by 2050’—McKinsey report.

https://www.modernpowersystems.com/news/power-consumption-to-triple-by-

2050-mckinsey-report-9655086/ (Accessed on: February 17, 2025)

3. IEA Solar PV. https://www.iea.org/energy-system/renewables/solar-pv (Accessed on:

24th March 2025)

4. Solar Power Europe: EU Market Outlook for Solar Power 2022–2026.

https://api.solarpowereurope.org/uploads/5222_SPE_EMO_2022_full_report_ver_03_1

_319d70ca42.pdf (Accessed on: 29 January 2025)

5. Ahmed, M.M.S., Hasan, M.J., Chowdhury, M.S., Rahman, M.K., Islam, M.S., Hossain,

M.S., Islam, M.A., Hossain, N., Mobarak, M.H.: Prospects and challenges of energy

storage materials: a comprehensive review. Chem. Eng. J. Adv. 20, 100657 (2024).

https://doi.org/10.1016/j.ceja.2024.100657

6. El-Sebaey, M.S., Hegazy, A., Essa, F.A.: Performance enhancement of a tubular solar

still by using stepped basins: an experimental approach. J. Clean. Prod. 437, 140746

(2024)

7. Meillaud, F., Boccard, M., Bugnon, G., Despeisse, M., Hänni, S., Haug, F.J., Ballif, C.:

Recent advances and remaining challenges in thin-film silicon photovoltaic

technology. Mater. Today 18, 378–384 (2015)

7/9/26, 12:37 AM Modeling and Characterization of Photovoltaic Thermal System an Overview | Springer Nature Link

https://link.springer.com/chapter/10.1007/978-3-032-10281-2_13 4/10

https://www.modernpowersystems.com/news/power-consumption-to-triple-by-2050-mckinsey-report-9655086/
https://www.modernpowersystems.com/news/power-consumption-to-triple-by-2050-mckinsey-report-9655086/
https://www.iea.org/energy-system/renewables/solar-pv
https://api.solarpowereurope.org/uploads/5222_SPE_EMO_2022_full_report_ver_03_1_319d70ca42.pdf
https://api.solarpowereurope.org/uploads/5222_SPE_EMO_2022_full_report_ver_03_1_319d70ca42.pdf
https://doi.org/10.1016/j.ceja.2024.100657


8. Shukla, A., Kant, K., Sharma, A., Biwole, P.H.: Cooling methodologies of photovoltaic

module for enhancing electrical efficiency: a review. Sol. Energy Mater. Sol. Cells 160,

275–286 (2017)

9. Radwan, A., Mahmoud, M., Olabi, A.G., Rezk, A., Maghrabie, H.M., Abdelkareem,

M.A.: Thermal comparison of mono-facial and bi-facial photovoltaic cells considering

the effect of TPT layer absorptivity. Int. J. Thermofluids 18, 100306 (2023)

10. Salameh, W., Faraj, J., Khaled, M.: Numerical study of cooling photovoltaic panels

with air exhausted from industrial systems: comparisons and innovative

configurations. Int. J. Thermofluids 20, 100493 (2023).

https://doi.org/10.1016/j.ijthermalsci.2023.100493

11. Almadhhachi, M., Seres, I., Farkas, I.: Electrical power harvesting enhancement of

PV module by a novel hemispherical configuration. Int. J. Thermofluids 20, 100460

(2023). https://doi.org/10.1016/j.ijthermalsci.2023.100460

12. Aljaghoub, H., Abumadi, F., AlMallahi, M.N., Obaideen, K., Alami, A.H.: Solar PV

cleaning techniques contribute to sustainable development goals (SDGs) using

multi-criteria decision-making (MCDM): assessment and review. Int. J.

Thermofluids 16, 100233 (2022). https://doi.org/10.1016/j.ijthermalsci.2022.100233

13. Mussard, M., Amara, M.: Performance of solar photovoltaic modules under arid

climatic conditions: a review. Solar Energy 174, 409–421 (2018).

https://doi.org/10.1016/j.solener.2018.08.045

14. Sun, C., Zou, Y., Qin, C., Zhang, B., Wu, X.: Temperature effect of photovoltaic cells: a

review. Adv. Compos. Hybrid Mater. 5(4), 2675–2699 (2022).

https://doi.org/10.1007/s42114-022-00138-0

7/9/26, 12:37 AM Modeling and Characterization of Photovoltaic Thermal System an Overview | Springer Nature Link

https://link.springer.com/chapter/10.1007/978-3-032-10281-2_13 5/10

https://doi.org/10.1016/j.ijthermalsci.2023.100493
https://doi.org/10.1016/j.ijthermalsci.2023.100460
https://doi.org/10.1016/j.ijthermalsci.2022.100233
https://doi.org/10.1016/j.solener.2018.08.045
https://doi.org/10.1007/s42114-022-00138-0


15. Salehi, R., Jahanbakhshi, A., Ooi, J.B., Rohani, A., Golzarian, M.R.: Study on the

performance of solar cells cooled with Heatsink and Nanofluid added with aluminum

nanoparticle. Int. J. Thermofluids 20, 100445 (2023).

https://doi.org/10.1016/j.ijthermalsci.2023.100445

16. Alsaqoor, S., Alqatamin, A., Alahmer, A., Nan, Z., Al-Husban, Y., Jouhara, H.: The

impact of phase change material on photovoltaic thermal (PVT) systems: a

numerical study. Int. J. Thermofluids 18, 100365 (2023)

17. Ahmed, M.T., Rashel, M.R., Islam, M., Islam, A.K., Tlemcani, M.: Classification and

parametric analysis of solar hybrid PVT system: a review. Energies 17(3), 588 (2024)

18. Ahmed, M.T., Rashel, M.R., Abdullah-Al-Wadud, M., Hoque, T.T., Janeiro, F.M.,

Tlemcani, M.: Mathematical modeling, parameters effect, and sensitivity analysis of

a hybrid PVT system. Energies 17(12), 2887 (2024)

19. Mostakim, K., Hasanuzzaman, M.: Global prospects, challenges and progress of

photovoltaic thermal system. Sustainable Energy Technol. Assess. 53, 102426 (2022)

20. Mahmood Alsalame, H.A., Lee, J.H., Lee, G. H.: Performance evaluation of a

photovoltaic thermal (PVT) system using nanofluids. Energies 14(2), 301 (2021).

https://doi.org/10.3390/en14020301

21. Al-Waeli, A.H.A., Sopina, K., Kazem, H.A., Chaichan, M.T.: Photovoltaic/Thermal

(PV/T) systems: status and future prospects. Renew. Sustain. Energy Rev. 77, 109–

130 (2017)

22. El-Sebaey, M.S., Hegazy, A., Essa, F.A.: Performance enhancement of a tubular solar

still by using stepped basins: An experimental approach. J. Clean. Prod. 437, 140746

(2024)

7/9/26, 12:37 AM Modeling and Characterization of Photovoltaic Thermal System an Overview | Springer Nature Link

https://link.springer.com/chapter/10.1007/978-3-032-10281-2_13 6/10

https://doi.org/10.1016/j.ijthermalsci.2023.100445
https://doi.org/10.3390/en14020301


23. Al-Waeli, A.H., Kazem, H.A., Yousif, J.H., Chaichan, M.T., Sopian, K.: Mathematical

and neural network models for predicting the electrical performance of a PV/T

system. Int. J. Energy Res. 43, 8100–8117 (2019)

24. Ahmed, M.T., Gonçalves, T., Tlemcani, M.: Single diode model parameters analysis

of photovoltaic cell. In: Proceedings of the 2016 IEEE International Conference on

Renewable Energy Research and Applications, Birmingham, UK (2016)

25. Mesbahi, O., Afonso, D., Tlemçani, M., Bouich, A., Janeiro, F.M.: Measurement

interval effect on photovoltaic parameters estimation. Energies 16(18), 6460 (2023)

26. Mesbahi, O., Tlemçani, M., Janeiro, F.M., Hajjaji, A., Kandoussi, K.: Recent

development on photovoltaic parameters estimation: total least squares approach

and metaheuristic algorithms. Energy Sources, Part A: Recovery, Utilization, and

Environmental Effects 44(2), 4546–4564 (2022)

27. Abdulrazzaq, A.K., Plesz, B., Bognár, G.: A novel method for thermal modelling of

photovoltaic modules/cells under varying environmental conditions. Energies 13,

3318 (2020)

28. Gu, W., Ma, T., Shen, L., Li, M., Zhang, Y., Zhang, W.: Coupled electrical-thermal

modelling of photovoltaic modules under dynamic conditions. Energy 188, 116043

(2019)

29. Azad, A.K., Parvin, S.: Photovoltaic thermal (PV/T) performance analysis for

different flow regimes: a comparative numerical study. Int. J. Thermofluids 18,

1000319 2023 [Google Scholar]

7/9/26, 12:37 AM Modeling and Characterization of Photovoltaic Thermal System an Overview | Springer Nature Link

https://link.springer.com/chapter/10.1007/978-3-032-10281-2_13 7/10



30. Rahman, M.M., Hasanuzzaman, M., Abd Rahim, N.: Effects of operational

conditions on the energy efficiency of photovoltaic modules operating in Malaysia. J.

Clean. Prod. 143, 912–924 (2017). https://doi.org/10.1016/jclepro.2016.12.029

31. Solar Panel Roof Load Calculator: Will My Roof Support Solar Panels?

https://greencoast.org/solar-panel-roof-load-

calculator/#:~:text=The%20weight%20load%20of%20the,acceptable%20limits%

20of%20any%20roof. Green Coast, (accessed on: 30th January 2025)

32. Al-Waeli, A.H., Chaichan, M.T., Kazem, H.A., Sopian, K., Ibrahim, A., Mat, S.,

Ruslan, M.H.: Comparison study of indoor/outdoor experiments of a photovoltaic

thermal PV/T system containing SiC nanofluid as a coolant. Energy 151, 33–44

(2018)

Acknowledgements

The second author would like to extend gratitude to the Foundation for Science and

Technology (FCT) for the research grant 2020.06312.BD

(https://doi.org/10.54499/2020.06312.BD, accessed on March 20, 2025). The authors also

acknowledge the CREATE of the University of Evora for providing the research scope and

enabling this work.

Author information

Authors and Affiliations
Center for Sci-Tech Research in Earth System and Energy—CREATE, Instrumentation

and Control Laboratory- LAICA, Escola de Ciências e Tecnologia, Universidade de

Évora, Evora, Portugal

Ashrafun Naeema, Md Tofael Ahmed, Masud Rana Rashel & Mouhaydine Tlemcani

Editor information

7/9/26, 12:37 AM Modeling and Characterization of Photovoltaic Thermal System an Overview | Springer Nature Link

https://link.springer.com/chapter/10.1007/978-3-032-10281-2_13 8/10

https://doi.org/10.1016/jclepro.2016.12.029
https://greencoast.org/solar-panel-roof-load-calculator/#:~:text=The%20weight%20load%20of%20the,acceptable%20limits%20of%20any%20roof
https://greencoast.org/solar-panel-roof-load-calculator/#:~:text=The%20weight%20load%20of%20the,acceptable%20limits%20of%20any%20roof
https://greencoast.org/solar-panel-roof-load-calculator/#:~:text=The%20weight%20load%20of%20the,acceptable%20limits%20of%20any%20roof
https://doi.org/10.54499/2020.06312.BD


Editors and Affiliations
Center for sci-tech Research in EArth sysTem and Energy (CREATE), University of

Évora, Évora, Portugal

Mourad Bezzeghoud

Department of Mathematics, Centro de Investigação em Matemática e Aplicações

(CIMA), University of Évora, Évora, Portugal

Fernando Carapau

Department of Mathematics, Centro de Investigação em Matemática e Aplicações

(CIMA), University of Évora, Évora, Portugal

Feliz Minhós

Department of Mathematics, Montclair State University, Montclair, NJ, USA

Ashwin Vaidya

Rights and permissions

Reprints and permissions

Copyright information

© 2026 The Author(s), under exclusive license to Springer Nature Switzerland AG

About this paper

Cite this paper
Naeema, A., Ahmed, M.T., Rashel, M.R., Tlemcani, M. (2026). Modeling and

Characterization of Photovoltaic Thermal System an Overview. In: Bezzeghoud, M.,

Carapau, F., Minhós, F., Vaidya, A. (eds) Advances in Mathematical Modeling in Science,

Engineering, and Social Sciences. IWMPS 2024. Trends in Mathematics. Birkhäuser, Cham.

https://doi.org/10.1007/978-3-032-10281-2_13

.RIS .ENW .BIB

7/9/26, 12:37 AM Modeling and Characterization of Photovoltaic Thermal System an Overview | Springer Nature Link

https://link.springer.com/chapter/10.1007/978-3-032-10281-2_13 9/10

https://s100.copyright.com/AppDispatchServlet?publisherName=SpringerNature&orderBeanReset=true&orderSource=SpringerLink&title=Modeling%20and%20Characterization%20of%20Photovoltaic%20Thermal%20System%20an%20Overview&author=Ashrafun%20Naeema%2C%20Md%20Tofael%20Ahmed%2C%20Masud%20Rana%20Rashel%20et%20al&contentID=10.1007%2F978-3-032-10281-2_13&copyright=The%20Author%28s%29%2C%20under%20exclusive%20license%20to%20Springer%20Nature%20Switzerland%20AG&publication=eBook&publicationDate=2026&startPage=205&endPage=218&imprint=The%20Author%28s%29%2C%20under%20exclusive%20license%20to%20Springer%20Nature%20Switzerland%20AG
https://citation-needed.springer.com/v2/references/10.1007/978-3-032-10281-2_13?format=refman&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-032-10281-2_13?format=refman&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-032-10281-2_13?format=endnote&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-032-10281-2_13?format=endnote&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-032-10281-2_13?format=bibtex&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-032-10281-2_13?format=bibtex&flavour=citation


DOI

https://doi.org/10.1007/9

78-3-032-10281-2_13

Published

07 November 2025

Publisher Name

Birkhäuser, Cham

Print ISBN

978-3-032-10280-5

Online ISBN

978-3-032-10281-2

eBook Packages

Mathematics and Statistics

Mathematics and Statistics

(R0)

Springer Nature

Proceedings excluding

Computer Science

Publish with us

Policies and ethics

7/9/26, 12:37 AM Modeling and Characterization of Photovoltaic Thermal System an Overview | Springer Nature Link

https://link.springer.com/chapter/10.1007/978-3-032-10281-2_13 10/10

https://link.springer.com/search?facet-content-type=%22Book%22&package=11649&facet-start-year=2026&facet-end-year=2026
https://link.springer.com/search?facet-content-type=%22Book%22&package=43713&facet-start-year=2026&facet-end-year=2026
https://link.springer.com/search?facet-content-type=%22Book%22&package=43713&facet-start-year=2026&facet-end-year=2026
https://link.springer.com/search?facet-content-type=%22Book%22&package=85345&facet-start-year=2026&facet-end-year=2026
https://link.springer.com/search?facet-content-type=%22Book%22&package=85345&facet-start-year=2026&facet-end-year=2026
https://link.springer.com/search?facet-content-type=%22Book%22&package=85345&facet-start-year=2026&facet-end-year=2026
https://www.springernature.com/gp/policies/book-publishing-policies

