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 Reduced energy consumption is a direct result of building optimization. Solar 

panels and heat detectors can provide the necessary power. After years of 

refinement and development, methods for regulating solar panels' output are 

finally finding their way into everyday life, where they are having a dramatic 

impact on the foundations of sustainability. This document provides an up-to-

date assessment of several strategies for preventing solar panels from 

overheating, all of which serve to boost their efficiency and prolong their 

service life. It begins with a brief background on protection technologies 

before moving on to a survey of recently filed patent applications that address 

this topic. The study concludes with a proposed assessment of the strengths 

and shortcomings of these safeguards. We anticipate that the information 

included in this review paper will be an invaluable tool for scholars and 

researchers. 
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1. INTRODUCTION  

Today, solar energy is one of the most promising sources to meet the world’s energy needs. This 

energy has the advantage of being clean and renewable, and Morocco is classified as one of the most promising 

countries in solar energy. The best time for solar panels is in summer. This is where they generate the most 

energy. But it's also the time of year when people go on vacation and leave their homes unoccupied. Solar 

collectors suffer from this major problem which is the phenomenon of overheating. Therefore, it's prudent to 

consider the risks and difficulties related to overheating in thermal and photovoltaic panels. We know that 

conventional thermal panels may reach temperatures of up to 150 °C. There is no domestic hot water draw 

when the house is empty, for example, for showers. As a result, the thermal panels are not mechanically cooled. 

Then, they are vulnerable to overheating issues on some installations, which might lead to significant 

mechanical loads on joints and pipework and circuit obstruction. The heat transfer fluid inside the panel can 

boil and vaporize. This produces an expansion and, as a result, an overpressure, which the expansion vessel 

absorbs. If this vessel is poorly built, the installation will fail because of the overpressure when the heat transfer 

fluid boils and turns to gas. However, the gas expands with less effort. A solar panel installation will be needed 

to help with draining, recycling, and replenishing the glycol fluid. The mechanical parts of the solar installation 

can deteriorate if it becomes too hot, which might lead to the system failing altogether. heated thermal solar 

panels pose risks to the overall system and are expensive to replace. Numerous approaches may be taken to 

prevent the solar panel from getting too hot. One example is the hybrid solar panel. Its stagnation temperature 
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is a significant technical advantage over traditional thermal solar panels. The stagnation zone has a comfortable 

temperature. The maximum temperature, when not integrated, is 70 degrees. This uniqueness results from 

technical decisions while developing a hybrid solar collector. Recent studies by Gao et al. [1] have shown the 

significance of form-stable, mineral-based phase transition materials for thermal energy storage. Overheating 

self-protection features have also been the topic of research by Li et al. [2]. They demonstrated a self-protecting 

method against overheating that makes organic cathode materials for lithium batteries safer. To improve cycle 

stability and overheated self-protection, they provided LiNi0.8Co0.1Mn0.1O2 cathode materials with a 

temperature-responsive coating [3]. In the interest of sustainable development, new methods of optimizing 

energy consumption [4] and integrating energy efficiency systems [5] were invented to ensure the comfort of 

human beings. Indeed, energy administration can reduce primary energy consumption, extend the life of 

powerful production equipment, reduce greenhouse gas emissions, cover energy needs, and meet demand in 

[6]-[9]. The function of energy production in efficient-energy systems using solar energy as daylight [10], 

useful heat, and electricity requires a transformation in the way solar panels are designed and operated to be 

cost-effective and affordable. Overheating is the primary obstacle solar panels must overcome in our study. In 

this paper, we examine the strategies that protect solar panels against the phenomena of overheating in order 

to determine the pros and cons of each kind. In addition, we will identify a new viable study field as the primary 

goal of this investigation. 
 

 

2. METHODS  

2.1.  Autonomous systems for protecting solar collectors against overheating 

Overheating happens when the solar energy absorbed by the solar water heater surpasses the thermal 

capacity of its principal heat transfer fluid circuit [11], this results in high absorber temperatures. Similarly, it 

is found when circumstances are adverse for solar panels. It can be encountered on a solar installation during 

periods of strong sunshine for at least two main reasons: When the recovered solar energy is no longer 

transmitted to the solar storage volume, in case of pump failure, clogging of the exchanger, or simply a power 

failure; or when the recovered solar energy is not consumed, in case of an unoccupied period of the building, 

or of over-dimensioning of the solar installation for example. 

Solutions were presented in the 2020s by Hajji [12], it’s part of the theory and practice of variable 

structure systems whose principal aims are to protect solar panels from overheating. This is an automatic 

system that plays a double role: the protection of solar collectors against overheating and dust. This system 

uses a blind that goes up and down depending on the conditions. This system increases the efficiency of the 

solar collector and extends its life. To highlight the effect of overheating on a PV collector, a modeling of the 

solar water heater in the case of stagnation using MATLAB/Simulink was done. Based on our literature review 

in [11]-[13], we can conclude that this autonomous protection system has an excellent performance in terms of 

adaptability to different weather conditions. However, this solution has some shortcomings such as the 

complexity due to the over-parameterization and the inaccurate estimation of the maximum heat limit of the 

system components. 
 

2.2.  Self-draining solution   

When the solar thermal system is designed for space heating and solar water heaters production. The 

risk of overheating collectors is important in summer. It consists in draining the solar collectors of the heat 

transfer fluid as soon as no heat is required. To achieve this, a recovery bottle must be installed. The latter is 

only partially filled. The available space allows the heat transfer fluid to be recovered from the collectors as 

soon as the pump stops working. As soon as there is a need for heat, the pump starts up again and the collectors 

are filled with fluid again (Figure 1). 
 

 

  
 

Figure 1. The operation principle 

 
 

Figure 2. The expansion tank position 
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The phenomenon of stagnation is no longer possible. The system does not overheat. Therefore, the 

expansion tank is not necessary (Figure 2). Wenisch G. presented a new method for automatically controlling 

the draining of a self-draining thermal solar plant. For function testing of a solar installation, the device involves 

the collectors during periods of overheating or frost risk discharging automatically into a collection container. 

During the emptying phase by-passing the collectors, a flow component was used, permitting a circulation only 

in the overheating/frost-free area in a connecting conduit from the collector backflow to the collector forward 

flow. A separate hand-operated switch for function testing in the regulating apparatus acts on the flow 

component and the circulating pump. This switch acts as a time switch for the automatic switch-off after 

completion of the function test [14]. 

Savariaux et al. [15], the solution involves introducing a fixed volume of heat transfer fluid into an 

installation. The dynamic flow of the fluid circulating in an outgoing circuit is measured. Measurement is 

performed until the end of energy production by a solar collector. Flow and time of flow of the fluid from the 

collector in the direction of a buffer tank are measured when the production is stopped. The volume of liquid 

flown out of the collector is compared with the initial volume of fluid introduced into the installation, and 

corrective actions are performed if the liquid volume is less than the initial volume. An independent claim is 

also included for a self-drainable solar thermal installation. 

 

2.3.  Thermodiode system 

A thermodiode device can relieve solar heating issues in the summer [16]. The bidirectional 

thermodiodes invented by Chun et al. can minimize solar heating in the summer and capture solar energy as 

heat in the winter [17]. The design, construction, and testing of a novel bidirectional thermodiode for energy-

efficient buildings have been completed. For applications involving solar heating, experimental results are 

provided and disputed.  

The thermodiode system comprised of numerous water-filled rectangular loops. For operations in both 

directions, the tilting angle of the loops can be altered to reverse the natural convection inside the loops. 

Horizontal parts of the loops were fastened to metallic panels facing either the interior or outside. By rotating 

the panels or putting a detachable shade device in front of the surfaces, the quantity of heat radiation striking 

the surfaces facing the outside may be controlled. The indoor investigations for the thermodiode's use in the 

winter indicated that it takes between 7 and 20 minutes for natural convection to develop throughout the loops. 

Before the throughflow commenced, the fluid in the heated copper tubes had attained maximum temperature.  

This temperature decreased immediately after the beginning of throughflow and then regained [18]. 

Eventually, temperatures on the thermodiode rose at approximately the same rate at different locations until a 

steady state was reached. During the cool-down phase, the temperatures fell at the same rate without humps, 

showing that only conduction occurred in the rectangular loops when the thermodiode was reverse-biased. 

Chun et al. [16], devised a simple analytical model to evaluate the diode system's temperature changes and 

heat transfer rates. Forward biasing the diode approximately multiplies the heat transfer rate for incoming 

radiation of 600 W/m2 by a factor of 100. In the context of research for the development of modern 

technologies based on innovative methods, Prismatic structures have received immense interest from 

researchers and industrialists since 1999. The work of Slaman M. and Griessen R. presents a relevant method 

of solar collector overheating protection [19].  

 

2.4.  Highly efficient thermal solar collector overheating protection: innovative smart selective coating 

High-efficiency solar thermal systems often experience stagnant conditions where solar panel 

temperatures can reach as high as 190-200 °C [20]. One of the most common issues with solar thermal systems 

is stagnation, which leads to evaporation and glycol deterioration, decreased performance, and more frequent 

maintenance and repair expenditures. With the help of a novel intelligent selective coating, which exhibits a 

dramatic rise in infrared emissivity thermochromic effect) at the crucial temperature, the stagnation 

temperature may be lowered to just 150 °C. Light intensity is 1000 W/m2 and the temperature is 35 degrees 

Celsius outside [20]. Because of the new smart selective coating's high solar absorption coefficient (>94%) and 

low emissivity (6%) at low temperatures, and because the thermochromic effect only becomes noticeable once 

the temperature rises to about 70°C, the high performance of the new thermochromic thermal solar system 

serves as an excellent example of the effect of using the smart selective coating. Hot water production relies 

on how well the system performs. The composition, structure, and optical characteristics of a new generation 

of selective coatings based on Vanadium and Alumina mixes (VO2/VnO2n1/Al2O3/SiO2) were described in 

[20]-[21]. Above 70 degrees Celsius, emissivity dramatically increased, as seen in FTIR (Fourier Transform 

Infrared) spectroscopy and infrared camera photos. The new generation of thermochromic solar panels was 

shown to have a minimum lifetime of 25 years even after being exposed to aging behavior (high temperatures, 

humidity, and temperature swings). 
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2.5.  Usage of supercritical fluids in parabolic solar collector 

Due to its capacity to function at greater temperatures than thermal oil, which restricts the overall 

efficiency of a thermodynamic cycle, researchers are investigating the use of supercritical fluid in parabolic 

solar collectors. An investigation on the usage of different supercritical fluids in parabolic trough solar 

collectors was detailed in [22]. Zaharil [22], examined and studied the performance of three distinct 

supercritical fluids, namely water nitrogen and Sulphur hexafluoride. The commercial software EES was used 

to construct, validate, and solve a 1-D mathematical model. At common inlet temperatures, the results 

demonstrated that water outperforms the other fluids in terms of energy performance. At an inlet temperature 

of 477 °C, all fluids showed maximum energetic efficiency, with 46.46%, 46.24%, and 45.76% for Water, 

Sulphur hexafluoride, and Nitrogen, respectively [22]. Because water has a thermal storage energy density of 

roughly 165% higher than the greatest value of molten salt, it is the best supercritical fluid for use in thermal 

storage at 377 °C, according to a comparison of various supercritical fluids [22]. 

 

2.6.  Usage of nanofluids in solar thermal collectors 

Most solar collectors have the potential to improve overall efficiency using nanofluids [23]-[26]. To 

highlight the effect of using nanofluids on solar thermal collectors, modeling of this product in a numerical 

simulation was done. The impact of various nanomaterials on the efficiency of solar collectors was discussed 

in [27]-[28]. Wole‑Osho  et al. [27], cover the constraints of using nanofluids in solar collectors and the long-

term difficulty of doing so. Most solar collectors have the potential to improve overall efficiency using 

nanofluids. However, the full promise of nanofluids in heat transfer applications will not be realized until some 

of the problems about hysteresis, stability, and overall predictability of nanofluids were answered. One of the 

problems with numerical modeling of nanofluids as heat transfer fluids in collectors. The thermophysical 

parameters of the heat transfer fluid are used in collector flow models. Consequently, any mistakes in the 

nanofluid thermophysical property model would lead to inaccuracies in estimating the collector's flow and heat 

transfer [29]-[31]. Photovoltaic and thermal collector PV/T technologies have gotten a lot of interest because 

they solve the problem of unwanted overheating of solar cells [29]-[31]. These systems are designed to 

transport heat away from photovoltaic cells, allowing them to cool and increase efficiency by lowering 

resistance [32]-[35]. 
 

2.7.  Application of artificial intelligence against overheating of solar panels 

To increase the efficiency of solar panels, cooling is an important element, the efficiency of which 

can be enhanced by artificial intelligence. Artificial intelligence (AI) is a set of algorithms that provide a 

computer with both analytical and decision-making capabilities, allowing it to intelligently adapt to situations 

by making predictions based on previously collected data. Today, several studies are looking at integrating AI 

into solar power systems to protect them from overheating. 
 

Artificial intelligence approaches can provide better, faster, and more practical forecasts than any 

other method. AI consists of several branches such as artificial neural network (ANN), fuzzy logic (FL), 

adaptive network-based fuzzy inference system (ANFIS), and data mining (DM) [36]. The optimization of 

each solar panel according to the time of day and its geographical location is a method to take into account the 

atmospheric variations in the design of solar cells to produce more energy. It includes in the calculation of solar 

power generation systems all the variations of the solar spectrum to predict the production of solar photovoltaic 

energy by: 

− Using a statistical and artificial intelligence technique called clustering [37]; 

− Boosting solar radiation predictions with global climate models, observational predictors, and hybrid 

deep-machine learning algorithms [38]; 

− Accurate thermal prediction model for building-integrated photovoltaics systems using guided artificial 

intelligence algorithms [39]; 

− Improving the efficacy of diagnosis and remote sensing of solar photovoltaic systems [40]. 

There are several optimization methods using artificial intelligence algorithms to estimate the energy 

efficiency of solar panels [41]. We can mention that using AI techniques can guarantee autonomous protection 

against overheating for solar panels of new generations. 

 

 

3. RESULTS AND DISCUSSION 

Based on our review, we screened several journal articles and selected 50 articles from over 100 

evaluated scientific documents including all the proceedings, which contained qualitative information about 

solutions for the protection of solar panels from overheating. Very few of the articles explicitly explored the 

autonomous protection system of solar collectors against overheating. Furthermore, several studies were 
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investigated. Consequently, we had to include studies that are only part of reducing the impacts of stagnation 

[42]-[44]. Some of those methods offered aren't appropriate for all system designs and situations. Furthermore, 

the expense of anti-stagnation measures should be reduced, and passively functioning systems, which do not 

rely on user or controller intervention or needs extra power to operate, appear to have considerable durability 

advantages.  

In general, techniques for stagnation control differ by climate and were influenced by other system 

design factors like freeze security solutions, system design temperatures, collector type, and loads. The most 

important thing that was learned from this analysis was the need of having protective measures against 

overheating to ensure that installations would last for a significant amount of time [45]-[46]. It had a substantial 

influence on a number of the experiments, but when we compared them, we discovered that the connection 

between overheating and the style of installation is not necessarily an obvious one. The concept of gaining 

knowledge from the experiences of others was one that was discussed in a number of articles, and the 

significance of support groups and other networks was emphasized [47]. Nevertheless, the research conducted 

by Jun et al, described the structure of the solar/photovoltaic hybrid system to prevent overheating and improve 

system performance. This also appears to be applicable to synchronous motors using wavelets packets [48]-

[49]. This study's findings also emphasize the need to use wavelets [50]-[52], integrated with data analysis 

techniques often employed in biomedical signal processing, such as ICA-NMF-SVD-PCA [53], [54] to further 

improve the aforementioned techniques' efficacy. 

This could be an important area to investigate further regarding the scarcity of water in particular 

sites and hybrid mechanism energy production. In addition, it is demonstrated that the incorporation of solar 

energy concerns into the urban design is essential for the development of low-carbon cities. Akrofi and 

Okitasari [55] recognize the validity of the processual view in their own study.  
 

 

4. CONCLUSION 

This qualitative systematic review has analyzed the literature on the overheating protection of solar 

panels with a focus on photovoltaic, thermal, and hybrid systems to produce renewable energy. Several 

important issues about the heating mechanism and the stagnation problem that might lead to the installation's 

destruction were found in the review. The good news is that numerous viable alternatives were also uncovered. 

More in-depth studies would be welcome additions to the rather limited body of literature on the experiences 

of development of various methods in follow-up, especially if they explicitly explore perceptions and 

experiences for protecting solar panels against overheating and carefully analyze these particular situations. 

Despite the remarkable advantages of several methods, we notice the deficiency of solutions that consider not 

only the phenomenon of overheating but also the protection against freezing. The scarcity of water leads us to 

think about other responsible solutions to produce electricity. The extension of our work is to introduce these 

problems, which is one of our main concerns in this research paper. Moreover, Cost reduction and durability 

enhancement of solar protection systems through the application of new components and materials have been 

and remain the main challenges of research interest. Therefore, the use of AI techniques can guarantee 

autonomous protection against overheating for solar panels. 

 

 

REFERENCES  
[1] D. C. Gao, Y. Sun, A. M. Fong and X. Gu, “Mineral-based form-stable phase change materials for thermal energy storage: A state-

of-the-art review.” Energy Storage Materials, vol. 46, pp. 100-128, 2022, doi: 10.1016/j.ensm.2022.01.003. 

[2] T. Li, L. Wang, and J. Li, “A safer organic cathode material with overheating self-protection function for lithium batteries”, Chemical 

Engineering Journal, vol. 431, part 1, 133901, 2022, doi: 10.1016/j.cej.2021.133901. 

[3] T. Li, L. Wang, and J. Li, “Temperature–responsive coating endowing LiNi0.8Co0.1Mn0.1O2 cathode materials with improved cycling 

stability and overheating self-protection function,” Chemical Engineering Journal, vol. 434, 134645, pp. 1385-8947, 2022, doi: 

10.1016/j.cej.2022.134645. 

[4] K. Hilliaho, E. Mäkitalo, and J. Lahdensivu, “Energy-saving potential of glazed space: sensitivity analysis”, Energy and Buildings, 

vol. 99, pp. 87–97, 2015, doi: 10.1016/j.enbuild.2015.04.016. 

[5] A. Vukadinović, J. Radosavljević, A. Dordević, D. Vasovic and G. L. Janackovic, “Sunspaces as passive design elements for energy-

efficient and environmentally sustainable housing”, Proceedings of the VIII international conference industrial engineering and 

environmental protection, Zrenjanin, Serbia, Oct. 2018. 

[6] C. F. T. Ribeiro, et al. “Spaces in-between impacts on indoor environment and energy efficiency in dwellings”, In: Proceedings of 

the Central European symposium on building physics, Prague, Czech Republic, Sep. 2019. MATEC Web of Conferences 282(3): 

02071, doi: 10.1051/matecconf/201928202071. 

[7] T. Kisilewicz, “The influence of resistive, dynamic and spectra features of the building walls on the thermal balance of the low 

energy buildings”, (in Polish), Kraków, Wydawnictwo PK, 2008. 

[8] K. M. Bataineh, and N. Fayez, “Analysis of thermal performance of building attached sunspace”, Energy and Buildings, vol. 43, no 

8, pp. 1863-1868, 2011, doi: 10.1016/j.enbuild.2011.03.030. 

[9] G. Oliveti, et al., “Solar heat gains and operative temperature in attached sunspaces.” Renewable energy, vol. 39, no 1, pp 241-249, 

2012, doi: 10.1016/j.renene.2011.08.010. 

 



                ISSN: 2502-4752 

Indonesian J Elec Eng & Comp Sci, Vol. 29, No. 1, January 2023: 49-55 

54 

[10] C. Porteous, “Solar architecture in cool climates.” (1st ed.). Routledge, 2005, doi: 10.4324/9781849772587. 

[11] A. Hajji, “Techniques innovantes pour la gestion et l'optimisation de l'énergie consommée dans les bâtiments,” PhD thesis in 

engineering sciences and techniques, Mohammadia School of Engineering EMI, University Mohammed V Rabat- Morocco, 2022.  

[12] A. Hajji, Y. Lahlou and A. Abbou, “Système autonome de protection des collecteurs solaires contre la surchauffe et la poussière.” 

Application for invention no. 50822- Filed on Sep. 2020- Notification date Feb. 26, 2021. 

[13] A. Amiche, A. Llarabi, S. M. K. El Hassar, and M. A. Dahmane, “Modélisation d’un capteur solaire thermique plan à eau doté d’un 

système d’ombrage automatique.” 13ème Congress of Mechanics Apr. 2017, Meknès-Morocco. 

[14] G. Wenisch, “Function testing device for solar installation involves collectors which discharge automatically into collection container 

during risk of overheating or frost,” DE19906087A1, 1999. 

[15] N. Savariaux, J. F. Chavagnac, and F. Gibert, “Method for automatically controlling the emptying of a self-draining solar thermal 

installation and installation equipped for carrying out such a method.” EP2765367A1, 2014. 

[16] W. Chun, K. Chen, and H. T. Kim, “Performance study of a bi-directional thermodiode designed for energy-efficient buildings,” 

Journal of Solar Energy Engineering, vol. 124, no. 3, pp 291–299, 2002, doi: 10.1115/1.1498849. 

[17] K. Chen, R. W. Shorthill, S. S. Chu, P. Chailapo, and S. Narasimhan. “An Energy Efficient Construction Module of Variable 

Direction of Heat Flow, Heat Capacity, and Surface Absorptivity,” US Air Force Report WL-TR-95-3045, 1995. 

[18] W. Chun, S. J. Oh, H. Han, J. T. Kim, and K. Chen, “Overview of several novel thermodiode designs and their application in 

buildings”, International Journal of Low Carbon Technologies, vol. 2, no. 2, pp 83–100, Apr. 2008, doi: 10.1093/ijlct/3.2.83. 

[19] M. Slaman, and R. Griessen, “Solar collector overheating protection”, Solar Energy, vol. 83, pp 982–987, 2009, doi:  

10.1016/j.solener.2009.01.001. 

[20] M. Ouhadou, A. El Amrani, C. Messaoudi, and S. Ziani, “Experimental modeling of the thermal resistance of the heat sink dedicated 

to SMD LEDs passive cooling,” Proceedings of the 3rd International Conference on Smart City Applications, 2018. 

[21] F. Capon, D. Mercs, A. Didelot, D. Pilloud, J. F. Pierson, “Thermochromic thin film as a smart absorbent layer for solar collectors”, 

Material Research Society Conference (MRS 2015 Spring Meeting), San Francisco, 2015. 

[22] H. A. Zaharil, “An investigation on the usage of different supercritical fluids in parabolic trough solar collector”, Renewable Energy, 

vol. 168, pp. 676-691, 2021, doi: 10.1016/j.renene.2020.12.090. 

[23] Y. Chaou, S. Ziani, H. B. Achour, and A. Daoudia, "Nonlinear Control of the Permanent Magnet Synchronous Motor PMSM using 

Backstepping Method," WSEAS Transactions on Systems and Control, vol. 17, pp. 56-61, 2022, doi: 10.37394/23203.2022.17.7. 

[24] M. Mehrabi, M. Sharifpur, and J. P. Meyer, “Application of the FCM-based neuro-fuzzy inference system and genetic algorithm-

polynomial neural network approaches to modeling the thermal conductivity of alumina-water nanofluids.” International 

Communication in Heat and Mass Transfer (S0735-1933), vol. 39, pp. 971–977, 2012, doi:  

10.1016/j.icheatmasstransfer.2012.05.017. 

[25] M. Ouhadou, A. El Amrani, C. Messaoudi, S. Ziani, “Experimental investigation on thermal performances of SMD LEDs light bar: 

Junction-to-case thermal resistance and junction temperature estimation,” Optik, vol. 182, 2019. 

[26] E. C. Okonkwo, H. Adun, A. A. Babatunde, M. Abid, and T. A. H. Ratlamwala, “Entropy generation minimization in a parabolic 

trough collector operating with SiO2 - water nanofluids using genetic algorithm and artificial neural network.” Journal of Thermal 

Science and Engineering Applications, vol. 12, no. 3, 031007 (11 pages), 2020, doi: 10.1115/1.4044755. 

[27] I. Wole‑Osho, E. C. Okonkwo, S. Abbasoglu, and D. Kavaz, “Nanofluids in Solar Thermal Collectors: Review and Limitations”, 

International Journal of Thermophysics, vol. 41, pp. 157, 2020, doi: 10.1007/s10765-020-02737-1. 

[28] R. Ghasemiasl, S. Hoseinzadeh, M. A. Javadi, “Numerical analysis of energy storage systems using two phase-change materials with 

nanoparticles.” Journal of Thermophysics and Heat Transfer, vol. 32, no. 2, pp. 440–448, 2018, doi: 10.2514/1.T5252. 

[29] J. J. Michael, S. Iniyan, and R. Goic, “Flat plate solar photovoltaic– thermal (PV/T) systems: A reference guide”, Renewable and 

Sustainable Energy Reviews, vol. 51, pp. 62–88, 2015. 

[30] L. Sahota and G. N. Tiwari, “Review on series-connected photovoltaic thermal (PVT) systems: Analytical and experimental studies.” 

Solar Energy, 2017, 150: 96–127. 

[31] Y.-J. Jun, K.-S. Park, and Y.-H. Song, “A study on the structure of Solar/Photovoltaic Hybrid system for the purpose of preventing 

overheat and improving the system performance.” Solar Energy, vol. 230, pp. 470–484, 2021, doi: 10.1016/j.solener.2021.10.019. 

[32] H. B. Achour, S. Ziani, Y. Chaou, Y. El Hassouani, and A. Daoudia, "Permanent Magnet Synchronous Motor PMSM Control by 

Combining Vector and PI Controller," WSEAS Transactions on Systems and Control, vol. 17, pp. 244-249, 2022, doi: 

10.37394/23203.2022.17.7. 

[33] M. S. Buker, and S. B. Riffat, “Building-integrated solar thermal collectors-A review”, Renewable and Sustainable Energy Reviews, 

vol. 51, pp. 327–346, 2015, doi: 10.1016/j.rser.2015.06.009. 

[34] M. Lämmle, et al., “PVT collector technologies in solar thermal systems: A systematic assessment of electrical and thermal yields 

with the novel characteristic temperature approach.” Solar Energy, vol. 155, pp. 867–879, 2017, doi : 10.1016/j.solener.2017.07.015. 

[35] C. A. F. Ramos et al., “Photovoltaic-thermal (PVT) technology: Review and case study”, International Conference on New Energy 

and Future Energy System. IOP Conf. Ser.: Earth Environ. Sci. 2019, 354 012048. doi: 10.1088/1755-1315/354/1/012048. 

[36] S. A. Kalogirou and A. Şencan, “Artificial Intelligence Techniques in Solar Energy Applications’’, In Book: Solar Collectors and 

Panels, Theory and Applications- edited by RECCAB MANYALA. p. 316, 2010, doi: 10.5772/10343. 

[37] M. K. Boutahir, Y. Farhaoui, and M. Azrour, “Machine Learning and Deep Learning Applications for Renewable Energies sector 

towards a state of the art”, The 5th Edition of the Doctoral Days in Sciences and Techniques (JDOCST2021), Faculty of Sciences 

and Techniques Errachidia FSTE, Moulay Ismail University Morocco, 2021, doi: 10.13140/RG.2.2.26611.81443. 

[38] S. Ghimire, C. D. Ravinesh, D. Casillas-Pérez, and S. Salcedo-Sanz, “Boosting solar radiation predictions with global climate 

models, observational predictors and hybrid deep-machine learning algorithms”, Applied Energy, vol. 316, 119063, 2022, doi: 

10.1016/j.apenergy.2022.119063. 

[39] A. Mellit and S. Kalogirou, “Artificial intelligence and internet of things to improve efficacy of diagnosis and remote sensing of 

solar photovoltaic systems: Challenges, recommendations, and future directions”, Renewable and Sustainable Energy Reviews, vol. 

143, 110889, 2021,  doi: 10.1016/j.rser.2021.110889. 

[40] L. Serrano-Luján, C. Toledo, J. M. Colmenar, J. Abad, and A. Urbina, “Accurate thermal prediction model for building-integrated 

photovoltaics systems using guided artificial intelligence algorithms,” Applied Energy, vol. 315, 119015, 2022, doi: 

10.1016/j.apenergy.2022.119015. 

[41] M. Zamen, A. Baghba, S. M. Pourkiaei, and M. H. Ahmadi, “Optimization methods using artificial intelligence algorithms to estimate 

thermal efficiency of PV/T system”, Energy Sci. Eng., vol. 7, pp. 821– 834, 2019, doi: 10.1002/ese3.312. 

[42] K. Resch, R. Hausner, and G. M. Wallner, “All polymeric flat-plate collector-Potential of thermotropic layers to prevent 

overheating.” Proceedings of Ises Solar World Congress Beijing 2007. Berlin (DE): Springer, vols I-V, pp. 561-565, 2007. 



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

 

 Solar panels overheating protection: a review (Imad Laabab) 

55 

[43] F. Ozgen, M. Esen, and H. Esen, “Experimental investigation of thermal performance of a double-flow solar air heater having 

aluminum cans”, Renewable Energy, vol. pp 34 -11, 2391-2398. 2009, doi: 10.1016/j.renene.2009.03.029. 

[44] P. D. Pascali, and A. Bagaini, “Energy transition and urban planning for local development. A Critical Review of the Evolution of 

Integrated Spatial and Energy Planning”, Energies, vol. 12, p. 35, 2018, doi: 10.3390/en12010035. 

[45] J. Jacob, et al., “Concentrated photovoltaic thermal (CPVT) systems: Recent advancements in clean energy applications, thermal 

management, and storage.” Journal of Energy Storage, vol. 45, 2022, doi: 10.1016/j.est.2021.103369. 

[46] A. Amiche, et al., “Innovative overheating solution for solar thermal collector using a reflective surface included in the air gap”, 

Renewable Energy, vol. 151, pp. 355-365, 2020, doi: 10.1016/j.renene.2019.11.023. 

[47] W. B. Youssef, T. Maatallah, C. Menezo, and S. B. Nasrallah, “Modeling and optimization of a solar system based on concentrating 

photovoltaic/thermal collector”, Solar Energy, vol. 170, pp. 301-313, 2018, doi: 10.1016/j.solener.2018.05.057. 

[48] S, Ziani, and Y. El Hassouani, “A new approach for extracting and characterizing fetal electrocardiogram.” Traitement du Signal, 

Vol. 37, No. 3, pp. 379-386, 2020, doi: 10.18280/ts.370304G. 

[49] S, Ziani, Y. El Hassouani and Y. Farhaoui" An NMF Based Method for Detecting RR Interval", International Conference on Big 

Data and Smart Digital Environment. Springer. 2019. 

[50] S, Ziani, Y. El Hassouani “Fetal-Maternal Electrocardiograms Mixtures Characterization Based on Time Analysis,” 2019 5th 

International Conference on Optimization and Applications (ICOA), 2019, pp. 1-5, doi: 10.1109/ICOA.2019.8727619. 

[51] S. Ziani, A. Jbari and L. Bellarbi, "QRS complex characterization based on non-negative matrix factorization NMF," 2018 4th 

International Conference on Optimization and Applications (ICOA), 2018, pp. 1-5, doi: 10.1109/ICOA.2018.8370548.   

[52] S. Ziani, A. Jbari and L. Bellarbi, Y. Farhaoui, Blind Maternal-Fetal ECG Separation Based on the Time-Scale Image TSI and SVD-

ICA Methods, Procedia Computer Science, vol. 134, 2018. 

[53] S, Ziani, Y. El Hassouani. (2020). Fetal Electrocardiogram Analysis Based on LMS Adaptive Filtering and Complex Continuous 

Wavelet 1-D. In: Farhaoui, Y. (eds) Big Data and Networks Technologies. BDNT 2019. Lecture Notes in Networks and Systems, 

vol 81. Springer, Cham. https://doi.org/10.1007/978-3-030-23672-4_26 

[54] S. Ziani, A. Jbari and L. Belarbi, "Fetal electrocardiogram characterization by using only the continuous wavelet transform 

CWT," 2017 International Conference on Electrical and Information Technologies (ICEIT), 2017, pp. 1-6, doi: 

10.1109/EITech.2017.8255310. 

[55]  M.M. Akrofi and M. Okitasari, “Integrating solar energy considerations into urban planning for low carbon cities: A systematic 

review of the state-of-the-art,” Urban Governance, 2022, doi: 10.1016/j.ugj.2022.04.002. 

 

BIOGRAPHIES OF AUTHORS  

 

 

Imad Laabab      is a PhD student at the Department of Physics, Faculty of 

Sciences and Technologies Errachidia (FSTE), Moulay Ismail University (UMI)-Morocco, 

from 2021. He is membre of Optoelectronics and Applied Energy Techniques Research 

team-Laboratory of Mechanics, Energy Efficiency and Renewable Energies FSTE/UMI 

Morocco. He is Hydrogeotechnical engineer from National Graduate Engineering School-

Mines Rabat/Morocco (ENSMR) in 2018. Bachelor’s Degree in Electrical Engineering from 

Royal Military Academy (ARM) Meknes- Morocco in 2013. His research interests include 

photovoltaics solar, energy materials, renewable energy technologies, energy engineering, 

energy optimization, and sustainable buildings. He can be contacted at emails: 

im.laabab@edu.ac.ma and imadlaabab@gmail.com. 

  

 

Prof. Dr. Said Ziani      is a professor at the Department of Electrical Engineering 

at Hassan II University (ESTC) in Casablanca, Morocco. His research interests include 

digital design, industrial applications, industrial electronics, industrial informatics, power 

electronics, motor drives, renewable energy, FPGA and DSP applications, embedded 

systems, adaptive control, neural network control, automatic robot control, motion control, 

and artificial intelligence. Laboratory of Networks, Computer Science, Telecommunication, 

Multimedia (RITM), Department of Electrical Engineering, High School of Technology 

ESTC, Hassan II University, Casablanca, Morocco. He can be contacted at emails: 

said.ziani@univh2c.ma and ziani9@yahoo.fr. 

  

 

Prof. Dr. Abdellah Benami     is a PhD Professor of applied physics and the head 

of physics department, Faculty of Sciences and Techniques Errachidia (FSTE), Moulay 

Ismail University (UMI)-Morocco. He is membre of Optoelectronics and Applied Energy 

Techniques Research team-Laboratory of Mechanics, Energy Efficiency and Renewable 

Energies FSTE/UMI Morocco. His research interests include Photovoltaics Solar, Energy 

Materials, Renewable Energy Technologies, and Energy Optimization. His disciplines: 

Electrical Engineering, and Engineering Physics. He can be contacted at emails: 

a.benami@fste.umi.ac.ma and abdou_benami@yahoo.fr. 

 

https://doi.org/10.1007/978-3-030-23672-4_26
https://orcid.org/0000-0002-4608-2684
https://scholar.google.com/citations?hl=fr&user=qq1ZM9IAAAAJ&view_op=list_works&gmla=AJsN-F5EfjAuccG3wrHNHbBnOdfryFJF3J-yOKbsZKR5oEauRcWL-8484quDJHjIeGv8QMFvPIzI8HbPYfc5DF3s5c03J9-XzTqHdprOWBxrjZ6_6z46ORUKpAzQUcjrRMNfs6hMDs9j
https://id.elsevier.com/settings/redirect?code=l0nbhab-XoFTLKGskYS7EFl9YXNfI7HMX1Y93GJe
https://www.webofscience.com/wos/author/record/GPW-7413-2022
https://orcid.org/0000-0001-9586-4511
https://scholar.google.com.pk/citations?user=2BntV9IAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57202161842
https://orcid.org/0000-0001-5516-5660
https://scholar.google.com/citations?user=5H9a-BQAAAAJ&hl=fr&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=15062217800
https://www.webofscience.com/wos/author/record/3631018

