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Introduction

As Solar Energy becomes
an increasingly crucial :
source of renewable * Increasing its efficiency in converting solar irradiance _‘.’_
energy, increasing to usable electricity is critical. Y T 1 |
economy of solar panels is AN B

an engineering challenge. y 1 1 N

"I

* The semiconductors used in solar panels are
Overheating is one of the sensitive to high temperature

key factors that affect * Their efficiency reduces by 0.5% for every degree
efficiency of a solar panel Celsius rise above the optimum temperature of 25
degrees Celsius




Wider Implications of Reduced Efficiency

INEQUITABLE ACCESS TO ENERGY, INCREASED OPERATING COST WITH WATER AS A WIDELY
ESPECIALLY CLEAN ENERGY, ESPECIALLY OF DEVICES THAT USE SOLAR USED COOLANT, ALTERNATE
FOR DEVELOPING AND UNDER- PANELS. COOLANTS NEED TO BE
DEVELOPED COUNTRIES. EXPLORED, GIVEN CRISIS OF

FRESH WATER.




The research, by elaborating the impact of various
coolants with unique specific heat capacity on the
efficiency of solar panels, aims to throw light on the
relation, 1f any, between specific heat capacity and solar
panel efficiency.

It explores the possibility of using alternative coolants in
ameliorating the adverse effect of overheating of the solar
panels.
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Secondary Research: Science of Solar Panels & Role of Coolants
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1. An expression for the rate of SRH
recombination including the expression for
Intrinsic carrier concentration

2. An expression for the relationship
between the size of the band gap and
temperature.
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3. An expression for the correlation between the n(T)
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4. The final expression for the maximum
efficiency achieved by a solar panel.
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Hypothesis

Solutions with higher specific heat capacities are more effective as coolants,
as they absorb more heat without seeing a large rise in their own temperatures

Thus, coolants with higher specific heat capacities are expected to be more
effective in cooling down solar panels.

By reducing the surface temperature of solar panels, coolants should also
bring about an improvement in the efficiency of solar panels.




Experiment: Change 1n efficiency of a solar panel w
treated with the following liquid coolants with differ
specific heat capacity:

Coolant Used Specific Heat Capacity (kJ kg K!) ‘
Cooking Oil (Solar Panel 5) 1.9

Ethylene Glycol (Solar Panel 1) 2.42 ‘
Ethanol (Solar Panel 4) 2.46

Soapy Water (Solar Panel 3) 3.15

Distilled Water (Solar Panel 2) 4.18



Variables

Independent Variable: Specific Heat Capacity of Coolant (2 kJ kg™ K'to 4.5 kJ kg™' K™)

Dependent Variable: Efficiency of solar panel (%)

Control Variables
* Angle of the solar panel
» Time of the day when the data is collected
* Volume of coolants

» Material and surface area of solar panels

Extraneous Variables:

*  Amount of dust collected on solar panels
* Albedo of coolants

* Fluid viscosity




Methodology and Procedure

The coolant was made to flow on the top surface of the solar panel through holes in the bucket

holding the coolant. Identical buckets were used with identical size and placement of holes. The /Voltmeter
coolant was collected back in a bucket placed below the panel. @
For each trial (total 5 trials), Solar Irradiance and Voltage was measured. Next each solar panel 100 Q resi
- resistor
was treated with the fixed volume of one of the 4 coolants. The voltage after each treatment was —
calculated.
Using specific formula, Change in Voltage, Power . Power _ and Change in Efficiency was
calculated. %7 )
AL/
The experiment was conducted during the months of May 2024 and June 2024 outside the P = \»Solar Paiial

laboratory of Cairo American College, Egypt.



Results: Initial and Final Efficiency for each trial

Coolant |Initial Final Initial Final Initial Final Initial Final Initial Final
Efficiency |Efficiency |Efficiency |Efficiency |Efficiency |Efficiency |Efficienc |Efficiency |Efficiency |Efficiency
Trial 1 (%) | Trial 1 (%) | Trial 2 (%) | Trial 2 (%) | Trial 3 (%) | Trial 3 (%) |y Trial 4 |Trial 4 (%) | Trial 5 (%) | Trial 5 (%)
+ 0.006 + 0.006 + 0.006 + 0.006 + 0.006 + 0.006 (%) + 0.006 + 0.008 + 0.008

+0.006

Ethylene |6.80 7.57 6.53 7.57 6.45 7.52 5.85 6.87 8.42 9.70

Glycol

Distilled |7.03 8.08 6.68 8.17 6.60 7.93 6.01 7.06 8.42 9.70

Water

Soapy 7.16 8.10 6.94 8.02 6.86 7.84 5.96 7.20 8.66 10.06

Water

Ethanol |6.81 8.05 6.68 7.81 6.34 7.58 5.90 6.82 8.58 9.86

Cooking |7.10 7.48 6.59 6.89 6.80 7.35 5.72 6.45 8.50 9.70

O1l




Results: Change in Efficiency for each trial

Coolant AEfticiency AEfticiency AEfficiency AEfficiency AEfficiency Trial 5 | Average Uncertainty in
Trial 1 (%) Trial 2 (%) Trial 3 (%) Trial 4 (%) (%) AEfticiency Average
+0.01 +0.01 +0.01 +0.01 +0.02 (%) AEfticiency (%)

Ethylene 0.77 1.04 1.07 1.02 1.28 1.0 +0.3

Glycol

Distilled 1.05 1.49 1.33 1.36 1.28 1.3 +0.2

Water

Soapy 0.94 1.08 0.98 1.24 1.40 1.1 +0.2

Water

Ethanol 1.24 1.13 1.24 0.92 1.28 1.2 +0.2

Cooking 0.38 0.30 0.55 0.73 1.20 0.6 + 0.5

O1l




Average Change in Surface Temperature Brought About by Coolants

Coolant Average Change in
Surface Temperature
(°C)
+ 0.1
Ethylene Glycol 22.45
Distilled Water 25.53
Soapy Water 27.03
Ethanol 26.73
Cooking Oil 23.40

Average Change in Efficiency (%)

Average Change in Efficiency VS. Specific Heat Capacities of Coolants Used

2—

0— T T T T T T T T T T T T T T ‘ T T T T ] T
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Specific Heat Capacities of Coolants Used (kJ kg ' K1)

.Line of Best Fit

3 . 0 -1
Il Vinimum Line Maximum Slope: 0.3087 % kJ kg K

. . Line of Best Fit Slope: 0.2175 % kJ'' kg K
[l Maximum Line Minimum Slope: 0.003104 % kJ' kg K



Conclusion

* The experiment shows that solar panels showed an increase in efficiency after treatment with a coolant. Further, it confirms the

hypothesis that a coolant with a higher specific heat capacity is more effective in increasing the efficiency of the solar panel.

* Ethanol stands as an outlier — despite a lower specific heat capacity than soapy water, it showed a higher change in efficiency of the
solar panel, post treatment. This could be attributed to better thermal conductivity and low viscosity of ethanol as compared with

soapy water where the presence of soap could have affected its evaporation and rate of cooling.

» It is advisable to use coolants that produce minimal fluctuations in the output of solar panels so as to no have large impact on the

longevity of the panel by enabling it to deliver optimum output consistently within the optimum temperature range. All the coolants
used in the experiment produced minimal fluctuation in the output of the solar panels, as illustrated by the relatively small size of the

error bars.



https://ar.wikipedia.org/wiki/%D9%85%D9%84%D9%81:Ethanol-structure.svg

Questions?

; inshrimali@gmail.com




Bibliography

“1-1. Energy Band Diagram | Toshiba Electronic Devices & Storage Corporation | Asia-English.” Toshiba.semicon-Storage.com,
toshiba.semicon-storage.com/ap-en/semiconductor/knowledge/e-learning/basics-of-schottky-barrier-diodes/chap1/chap1-2.html. Accessed 26 Apr. 2024.

ABP News Bureau. “Temperature Soars beyond 50 Degrees Celsius in Delhi, National Capital Records Hottest Day Ever.” Abplive.com, ABPLive, 29 May 2024,
news.abplive.com/delhi-ncr/delhi-weather-news-delhi-sees-highest-temperature-ever-mungeshpur-anand-vihar-imd-1691098#:~:text=Delhi%200n%20Wednesday%20recor
ed%20the. Accessed 12 Aug. 2024.

Achakpa lkyo, Barnbas. “Electron-Hole and Photon Recombination Processes in Quantum Well Semiconductor Lasers.” American Journal of Optics and Photonics, vol. 3, no. 5,
2015, p. 80, https://doi.org/10.11648/j.ajop.20150305.14. Accessed 23 Apr. 2024.

aurorasolardev. “Solar Fundamentals: What's the Difference between AC vs. DC?” Aurora Solar, 12 May 2021,
aurorasolar.com/blog/solar-fundamentals-whats-the-difference-between-ac-vs-dc/#:~:text=1s%20Solar%20Power%20AC%200r. Accessed 6 May 2024.

Bahaidarah, H., et al. “Performance Evaluation of a PV (Photovoltaic) Module by Back Surface Water Cooling for Hot Climatic Conditions.” Energy, vol. 59, Sept. 2013, pp.
445-53, https://doi.org/10.1016/j.energy.2013.07.050. Accessed 31 Mar. 2024.

“Boltzmann Constant | Physics.” Encyclopaedia Britannica, 2019, www.britannica.com/science/Boltzmann-constant. Accessed 2 Aug. 2024.

Britannica. “Photoelectric Effect.” Encyclopaedia Britannica, 19 Jan. 2018, www.britannica.com/science/photoelectric-effect. Accessed 6 May 2024.

Buschow, K. H. J., et al. Encyclopedia of Materials : Science and Technology. Elsevier, 2001.

Chandler, David. “Explained: Bandgap.” MIT News | Massachusetts Institute of Technology, 23 July 2010, news.mit.edu/2010/explained-bandgap-0723. Accessed 6 May 2024.

Claus Borgnakke. Fundamentals of Thermodynamics. 6th ed., Wiley, 2019,
www.kashaninejad.com/uploads/4/6/7/6/46761445/fundamentals_of_thermodynamics__6th_edition.pdf. Accessed 26 Aug. 2024.

Conlin, Caleb. “Reasons for Using a Coolant over Water.” KOST USA, 19 Sept. 2018, kostusa.com/reasons-for-using-a-coolant-over-water/. Accessed 26 Apr. 2024.




dalton2004. “Ethylene Glycol Heat.” Scribd, 2024, www.scribd.com/document/380618732/Ethylene-Glycol-Heat. Accessed 16 Aug. 2024.

David, Leonardo. “What Is Solar Panel Efficiency? (2023).” MarketWatch, 13 June 2024,
www.marketwatch.com/guides/solar/solar-panel-efficiency/#:~:text=Most%20commercially%Z20available %20solar%20panels. Accessed 15 June 2024.

Deng, Yu-Hao. Can Defects Be Positive in Perovskite Optoelectronic Devices? Dec. 2020. Accessed 4 Aug. 2024.
Diebel, Carsten. Semiconductors and Semimetals. 2011. Accessed 3 Aug. 2024.

Dwivedi, Pushpendu, et al. “Advanced Cooling Techniques of P.V. Modules: A State of Art.” Case Studies in Thermal Engineering, vol. 21, Oct. 2020, p.
100674, https://doi.org/10.1016/j.csite.2020.100674. Accessed 31 Mar. 2024.

“GaAs Solar Cell Pros and Cons.” Www.universitywafer.com, 1 Oct. 2018,
www.universitywafer.com/gaas-solar-cell-pros-cons.html#:~:text=Cost%200f%20Gallium%20Arsenide%20Solar. Accessed 15 Aug. 2024.

Gouveia De Souza, A, et al. “ATHERMOANALYTIC and KINETIC STUDY of SUNFLOWER OIL.” Brazilian Journal of Chemical Engineering, vol. 21,
no. 02, 2004, pp. 265-73, www.scielo.br/j/bjce/a/bF9vpHfD4t7 GKszGGy7pgCh/?format=pdf&lang=en. Accessed 16 Aug. 2024.

Green, Martin A., et al. “Solar Cell Efficiency Tables (Version 50).” Progress in Photovoltaics: Research and Applications, vol. 25, no. 7, June 2017, pp.
66876, https://doi.org/10.1002/pip.2909. Accessed 15 Aug. 2024.

Homer, David, et al. Physics Course Companion. Oxford, 2023, p. 205.

Honsberg, Christiana, and Stuart Bowden. “Intrinsic Carrier Concentration | PVEducation.” Www.pveducation.org,
www.pveducation.org/pvcdrom/pn-junctions/intrinsic-carrier-concentration#:~:text=The%Z20intrinsic%20carrier%20concentration%20is. Accessed 2 Aug.
2024.

Honsberg, Christiana, and Stuart Bowden. “Minority-Carrier Lifetime | PVEducation.” Www.pveducation.org,
\év(g\évX.pveducation.org/pvcdrom/pn-junctions/minority-carrier-lifetime#:~:text=Depending%200n%20the%2Ostructure%2C%2OsoIar. Accessed 26 Apr.

---. “Open-Circuit Voltage | PVEducation.” Pveducation.org, 2017, www.pveducation.org/pvcdrom/solar-cell-operation/open-circuit-voltage. Accessed 3
Aug. 2024.

Honsberg, Christiana, and Stuart Bowden. “Solar Energy | PVEducation.” Www.pveducation.org,
www.pveducation.org/pvcdrom/introduction/solar-energy. Accessed 23 Apr. 2024.

---. “Types of Recombination | PVEducation.” Pveducation.org, 2024,
www.pveducation.org/ru/%D1%84%D0%BE%D1%82%D0%BE%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5
%D1%81%D0%BA%D0%B8%D0%B5/types-of-recombination. Accessed 6 May 2024.

“‘How a Solar Cell Works - American Chemical Society.” American Chemical Society, 2014,
www.acs.org/education/chemmatters/past-issues/archive-2013-2014/how-a-solar-cell-works.html. Accessed 12 Aug. 2024.




IEA. “Solar PV.” IEA, 2023, www.iea.org/energy-system/renewables/solar-pv. Accessed 26 Apr. 2024.

Kumari, Shilpa, et al. “Efficiency Enhancement of Photovoltaic Panel by Heat Harvesting Techniques.” Science Direct , edited by Sadhana Rayalu, vol. 73, Apr. 2023,
https://doi.org/10.1016/j.esd.2023.02.007. Accessed 12 Aug. 2024.

Landi, G., et al. “A Noise Model for the Evaluation of Defect States in Solar Cells.” Scientific Reports, vol. 6, no. 1, July 2016, https://doi.org/10.1038/srep29685. Accessed 6 Aug. 20
Liu, Zesheng, and Yuze Lin. “Testing Trap States in Polymer Solar Cells.” Science Direct, vol. 132, Mar. 2024, https://doi.org/10.1016/j.polymertesting.2024.108387. Accessed 1

Macdonald, Daniel, and Andrés Cuevas. “Validity of Simplified Shockley-Read-Hall Statistics for Modeling Carrier Lifetimes in Crystalline Silicon.” Physical Review, vol. 67, no.
Society, Feb. 2003, https://doi.org/10.1103/physrevb.67.075203. Accessed 6 Aug. 2024.

Masterson, Victoria. “Why Don’t Solar Panels Work as Well in Heatwaves?” World Economic Forum, 9 Aug. 2022,
www.weforum. org/agenda/2022/08/heatwaves-can-hamper-solar-panels/#:~:text= When%20temperatures%ZOSoar%2C%20these%20eIectrons Accessed 23 Apr. 2024.

Meyijes, Sam. The Physics of Solar Power. www.coloradocollege.edu/academics/dept/physics/ _documents/seminar/posters_17_18/Sam.pdf. Accessed 23 Apr. 2024.

Moharram, K. A,, et al. “‘Enhancing the Performance of Photovoltaic Panels by Water Cooling.” Ain Shams Engineering Journal, vol. 4, no. 4, Dec. 2013, pp. 869-77,
https://doi.org/10.1016/j.asej.2013.03.005. Accessed 31 Mar. 2024.

Moller, Christian, and Kevin Lauer. “Charge Carrier Lifetime Shift Induced by Temperature Variation during a MWPCD Measurement.” Energy Procedia, vol. 38, 2013, pp. 153-60,
https://doi.org/10.1016/j.egypro.2013.07.262. Accessed 6 Aug. 2024.

NOAA. “2023 Was the Warmest Year in the Modern Temperature Record | NOAA Climate.gov.” Www.climate.gov, 17 Jan. 2024,
www.climate.gov/news-features/featured-images/2023-was-warmest-year-modern-temperature-record#:~:text=The%20year%202023%20was%20the. Accessed 15 June 2024.
“Nonradiative Recombination in Semiconductors.” Fosco Connect, www.fiberoptics4sale.com/blogs/wave-optics/nonradiative-recombination-in-semiconductors. Accessed 6 Aug. 2024.

Norwegian Polar Institute. “Albedo Effect.” Www.npolar.no, 2023, www.npolar.no/en/fact/albedo/. Accessed 7 Sept. 2024.

“P-Type Semiconductor | Toshiba Electronic Devices & Storage Corporation | Asia-English.” Toshiba.semicon-Storage.com,
toshiba.semicon-storage.com/ap-en/semiconductor/knowledge/e-learning/discrete/chap1/chap1-4.html#:~:text=What%20is%20a%20p%2Dtype. Accessed 6 May 2024.

Pelant, lvan, and Jan Valenta. Luminescence Spectroscopy of Semiconductors. OUP Oxford, 2012.
---. “Non-Radiative Recombination.” Oxford University Press EBooks, Feb. 2012, pp. 148-60, https://doi.org/10.1093/acprof:0s0/9780199588336.003.0006. Accessed 4 Aug. 2024.
Perkowitz, Sidney. “Phonon | Physics.” Encyclopaedia Britannica, 2019, www.britannica.com/science/phonon. Accessed 15 Aug. 2024.

“Quagt(i)f%/ing Trap States in Perovskite & Organic Solar Cells.” Fluxim, www.fluxim.com/trap-states-perovskite-solar-cells#:~:text=The%20unintentional%20introduction%200f%20defects. Accessed 6
Aug. 4

“Recombination Calculator.” Pvlighthouse.com.au, 2014, www2.pvlighthouse.com.au/calculators/Recombination%20calculator/Recombination%20calculator.aspx. Accessed 4 Aug. 2024.

Saadi, Ahmed. “System ldentification to Optimize Inputs Conditions for Plant Design of Ethanol.” Research Gate, Jan. 2012,
www.researchgate.net/publication/318055101_System_Identification_to_Optimize_Inputs_Conditions_For_Plant Design_of Ethanol. Accessed 26 Aug. 2024.

Sachs, Mendel. Solid State Theory. 1963. McGraw-Hill Book Company, 1963, pp. 159—-60; 238-242.




Salem, M. R., et al. “Performance Enhancement of the Photovoltaic Cells Using AI203/PCM Mixture And/or Water Cooling-Techniques.” Renewable Energy, vol. 138, Aug. 2019, pp. 876-90,
https://doi.org/10.1016/j.renene.2019.02.032. Accessed 31 Mar. 2024.

Shukla, Raghvendra, et al. “Theoretical Study of Charge Carrier Lifetime and Recombination on the Performance of Eco-Friendly Perovskite Solar Cell.” IEEE Transactions on Electron Devices, vol. 6
pp. 3446-52, https://doi.org/10.1109/ted.2021.3078063. Accessed 2 Aug. 2024.

“Solar Performance and Efficiency.” Energy.gov, www.energy.gov/eere/solar/solar-performance-and-efficiency#:~:text=Direct%20recombination%2C%20in%20which%20light. Accessed 26 Apr. 2024.
Sutherland, Brandon R. “Solar Materials Find Their Band Gap.” Joule, vol. 4, no. 5, May 2020, pp. 984—85, https://doi.org/10.1016/j.joule.2020.05.001.

Sze, Simon, and Kwok Ng. Physics of Semiconductor Devices. 2007, ia601608.us.archive.org/5/items/PhysicsOfSemiconductorDevices_855/PhysicsOfSemiconductorDevices3rdEdition-S.M.SzeAndKwokK.Ng.pdf.
Accessed 3 Aug. 2024.

Taqwa, Ahmed. “Automatic Cooling of a PV System to Overcome Overheated PV Surface in Palembang.” Journal of Physics: Conference Series , 2020, https://doi.org/10.1088/1742-6596/1500/1/012013.

Teba Nassir Sultan, et al. “Using Cooling System for Increasing the Efficiency of Solar Cell.” Journal of Physics, vol. 1973, no. 1, IOP Publishing, Aug. 2021, pp. 012129-29,
https://doi.org/10.1088/1742-6596/1973/1/012129. Accessed 31 Mar. 2024.

The Editors of Encyclopaedia Britannica. “Fermi Level | Physics.” Encyclopedia Britannica, 6 Oct. 2006, www.britannica.com/science/Fermi-level. Accessed 6 May 2024.

U.S. Department of Energy. ADVANCED MANUFACTURING OFFICE Wide Bandgap Semiconductors: Pursuing the Promise. Apr. 2013,
www.energy.gov/eere/amo/articles/wide-bandgap-semiconductors-pursuing-promise#:~:text=Wide%20bandgap%20(WBG)%20semiconductor%20materials. Accessed 4 Aug. 2024.

Ullah, Hanif, et al. “Effect of Defects on the Performance of Some Photovoltaic Solar Cells: An Introduction to Research Methods to Engineering Students.” 44 Th SEFI Conference, 2016, pp. 12-15,
sefi.be/wp-content/uploads/2017/09/ullah-effect-of-defects-on-the-performance-of-some-photovoltaic-solar-cells-222.pdf. Accessed 27 Apr. 2024.

University of Cambridge. “Direct and Indirect Band Gap Semiconductors.” Www.doitpoms.ac.uk, www.doitpoms.ac.uk/tlplib/semiconductors/direct.php#:~:text=In%20an%20indirect%20band%20gap. Accessed 2 Aug.
2024.

“Valence Band - Energy Education.” Energyeducation.ca, energyeducation.ca/encyclopedia/Valence_band. Accessed 3 Aug. 2024.
Waiirfel, Peter, and Uli Wirfel. Physics of Solar Cells. 2008. 3rd ed., John Wiley & Sons, 2016, faculty.kashanu.ac.ir/file/download/page/1614009723-wurfel-physicsofsolarcells-3ed.pdf. Accessed 15 Aug. 2024.
Yang, Ji, et al. “Non-Radiative Carrier Recombination Enhanced by Two-Level Process: A First-Principles Study.” Scientific Reports, vol. 6, no. 1, Nature Portfolio, Feb. 2016, https://doi.org/10.1038/srep21712.

Zhang, Yiming, et al. “Temperature-Dependent Band Gaps in Several Semiconductors: From the Role of Electron—Phonon Renormalization.” Journal of Physics: Condensed Matter, vol. 32, no. 47, Sept. 2020, p. 475503,
https://doi.org/10.1088/1361-648x/aba45d. Accessed 15 Aug. 2024.




