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Introduction

India has the world’s fastest-growing economy,
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Abstract: This study explores the performance of PV-PCM and PV-PCM-Water systems, which
were constructed and subjected to comparative experimental analysis during the month of February.
The PV-PCM systems incorporate PCM OM29 positioned behind the PV panel within an aluminum
container, storing excess heat as latent heat and transitioning from a solid to a liquid state at a constant
temperature. Furthermore, the PV-PCM-W system includes a heat exchanger arrangement within the
same container, facilitating the circulation of water to harness the heat stored by the PCM for
potential domestic heating applications. With PV-PCM and PV-PCM-W, the temperature of the PV
decreased by 11°C at its peak and 6°C on average, and the voltage output was increased by 10 %
approximately for both peak and average conditions. The gain in power output was about 10.5% and
8.5% for both conditions. Percentage gain in efficiency was found about 5.5 and 8.5, respectively.
Also PV-PCM-Water systems showed around 8 °C increase in temperature for, which would be
equivalent to total of 3348.4 kJ or 930 Wh/day. The experimental results obtained shows that a PCM
based system is an effective way of regulating PV panel temperature and performance enhancement.

Keywords: Phase Change Material, PV-PCM system, PV/T-PCM system, Thermal Regulation

2. Literature Review

2.1 Effect of surface temperature on performance of

averaging GDP 5.0%/year from 2015 to 2040", which
results in an average of 3.2%/year increase in net
electricity generation. Till 2040, solar energy contribution
in electricity generation is continuously increases and
dominates other renewable energy sources?. India
committed at Paris in COP21 for achieving 40% non-
fossil fuel based energy by 203034, Utilizing the solar
energy for different applications are increasing
progressively, i.e. solar air heater”, solar water heating
system®, solar distiller”, solar AC system®, solar
incubator?” etc.

Solar cells are made of semiconductors used to convert
the solar radiation (or other electromagnetic radiation)
emitting on it into electricity!?. The efficiency of solar cell
is limited due to many losses occurring when energy
conversion takes place, in which excess photon energy
loss is our prime concern'). It will increase the
temperature of solar cell which reduces conversion
efficiency due to reverse flow of ions. So cooling of PV
panels is the solution for temperature regulation of solar
cell. It gives optimum efficiency at standard test
conditions (STC).

PV panel

Many researchers bring into being the adverse effect of
surface temperature of PV panel on power output and
efficiency during their experimental and simulation work.
Agarwal, A. et al. presented the effect of panel
temperature on voltage and current output. The simulation
results shows that the efficiency of the panel decreases as
temperature increases. They suggested the use of PCM as
passive cooling for PV'?, Also Tiwari, G. N. et al. founds
similar results'®. It is found that the increasing cell
temperature of the PV module gives an adverse effect on
the performance of that module. So, In the next section,
we discuss how the performance was enhanced with the
help of modification in PV panels by passive approach via
thermal management.

2.2 PV Panel Cooling Techniques

Thermal management or regulation or cooling of PV
panels are broadly classified on the basis of external
electric power used or not used. There are of mainly two
types, i.e. Active cooling and Passive cooling. Active
cooling used the external electric power like for forced
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flow of air or water requires fan and pump respectively.
But passive cooling need not to require any external
electric power. Fig. 1.6. shows the different PV panel

cooling techniques used!+!9,

PV Panel Cooling
Methods

Air

Liquid

Nano- |
Bi-Fluid| | Fluid
Basel based
Cooling Bl C]?)i:)slil Cooling

Liquid Thermo- Heat PCM

Immersion | | electric Pipe based
Cooling | |Cooling | |Cooling| |Cooling

[ water
Based

Natural or
Passive

|
Refrigerant Based

Active
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Forced or
Active

-

Active |

Passive

Fig. 1. 6. Different types of PV panel cooling techniques

The experimental and simulation results with pros and
cons of different types of thermal management techniques
reviewed and suggested that PCM has good potential for
cooling purpose but still need to explore on solidification
and melting process''®,

2.3 PV-PCM System

Many researchers modified the simple PV module by
incorporating PCM at back side in a box. They compare
operating data for a modified PV-PCM system with
Reference PV. Some of these research work is summarize
in tablel.

Table 1 Comparative Literature Review of PV-PCM systems

g PCM Used with Results Obtained
E melting T | lati Voltage & Power | Comments/Suggestions/Conclusions
g | temperature (°C) ermal regulation Output / Efficiency
Paraffin  (42-44), . . .
2 thick Paraffi th wat 1
19) | RT22 and Ceresin | 7 K for 5 hours NA sucmestel; aratin with wafer cootng
(61-78) £8
Effici fi ithout
20) paraffin wax (46.7), | maintained temperature below P Cll\j[lirslcg 10r6 5“; :r];ld Beeswax has shows better heat
A= . 0 . -
beeswax (51) ref. PV panel with PCM is 7.0- 7.8 % absorbing capacity
21 Inorganic  glauber | Surface  temperature is | Electrical efficiency is | Suggested east orientation in hot and
salt (32) reduced by 8 °C increases by 10 % humid location
22) RT22 (20-23) and | temperature of both modules | Eff. 10.5/10.8% (M1), | Due to very thin layer of PCM, desired
Ceresine(61-78) equal to 55 °C 10.15/10.6% (M2) effect was not achieved
lectrical
average drop of 6 °C (April) ¢ ec' ried Y |y peak hot and cold months, PCM
23) | RT42 capitulate by 5.9% . .
compared to 2.3 °C (June) provides less cooling
annualy
temperature reduced by 10°C, | conversion efficiency | validate results by comparing it with
24) | RT35 . . .
remains constant for 4-6 hours | increases other researchers findings
% increase in average
Coconut Oil, Crude | Max. of 9.6°C for 102 mm | power and efficiency .
25 . . 80 thick CPO h ted
)| paim 0il (CPO) thickness was 23.8%and 29.3% | oo e as suggeste
respectively
Avg. red. PCM is 9.6 °C | gives 15.15 GW
26) | RT42 (13.8%) & with n-PCM is | increment in electrical | n-PCM founds effective
11.3°C (16.2%) output
improved max.
duced by 15 °C forl2-fi
27) | RT27 reduce y orteim electrical conversion | LHTES approach was used
configuration .
efficiency of 5.39%
. Overall net effici A t with 30 thick PCM
28) | paraffin wax RT40 | reduction of 19 °C . verat met elielency . frangement wi fm e
increased by 12.97% infused was suggested

It is concluded from above table that PCM inclusion
behind the PV panel shows positive results for
temperature regulation and performance improvement.

All researchers suggested the use of PCM via passive
cooling technique is better option with compare to active
cooling techniques.
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24 PV/T-PCM System

been made on the basis of different parameters like PCM
used, temperature regulation, voltage & power output,

A comparative literature review, shown in table 2, has

Table 2 Comparative Literature Review of PV/T-PCM systems

efficiency gained, working fluid and their heat gained.

g Results Obtained
§ PCM melting Voltage & Power Heat gained / Comments /
& | temperature (°C) | Temperature regulation Output / Temperature gain by Suggestions
~ Efficiency working fluid
.| PVT-PCM
. Avg. water temp. in
maximum backplane . system make
29) capric acid (30.1) | temperature difference is powet output | incorprated tank of PVT significance  for
P ' 15 8p oC differenceis 7.4 W | and PVT-PCM is 42.4°C f;grformance
' and 40.3 °C P
improvement
max,seducion s 47% & | LU, P Cteney i 1
30 RT-30 53 % for PVT & PVT- o NA
) ; c1v/10 or & 32.5% for 230% & 300 % for
PVT & PVT-CM PVT & PVT-PCM
thermal efficiency | PV/T-PCM system can | PVT-PCM
31) C-P acid (17-22) NA is  20-25% for | transfer heat 28 % longer | efficiency
PVT-PCM than that of the PVT increases by 3.9 %
t i t PV/T-PCM syst
peak front surface | gain in electrical Wa e emperature . system
. . increase of 9 °C, | gives better
temperature drop is 9°C, | conversion . .
32) RT42 . . . circulating water | performance
while the average drop is | efficiency by
500 1.3% extracted 521 Wh/day | compare to other
' thermal energy systems

All experimental and simulation results proven that
modified PV-PCM system is acceptable for better cooling
with higher conversion or efficiency. Also PV/T-PCM
systems can be used to increase thermal efficiency.

3.
3.1 Phase Change Material

Certain substances changes its phase at a particular
phase transition temperature and offer significant heat
interaction within a narrow temperature range, these are
called as PCM. PCM is mainly classified into three types
i.e. organic, sugar alcohols, fatty acids, slat hydrates,
inorganic and eutectic as shown in Fig.2.

Material Selection

Phase Change Material
(Solid-Liquid) |

I I |

| Organic lnorganic‘ Entectic ‘
_. I - | I ‘1 e [ 1 _- 1
Paraffin Do Organie- | | Organie- Inorganic-
compounds pamfﬁ". Metallics l Organic L!nnrgamc ‘ Inorganic

Salt
hydrates |

Fig. 2: Classification of PCM

3.2 PCM Selection Criteria

It is difficult to choose a most favorable PCM for a
particular application. Each type of PCM having some
advantages as well as some disadvantages. With the help
of PCM properties and literature review, it is found that
organic PCMs are more advantageous than inorganic
PCMs. As organic PCM contains high latent heat,
chemically stable, negligible sub-cooling, without phase
segregation, safe and reliable. A solar PV panel operates
under standard test conditions (STC) gives maximum
performance. So, the operating temperature of solar cell
must be nearest to 25 °C. Also the phase transition
temperature of PCM must be tuned with ambient
temperature otherwise PCM doesn’t perform repetitively
charging and discharging process. Also it should be below
or near by maximum ambient temperature to avoid
melting of PCM by Tamb. alone. So, select the PCM with
melt temperature of 29 °C for an ambient temperature
range of 22-29 °C.

4. Experimental Setup Design

Fig.3 shows the complete prototype system overview of
an experimental setup and fig.4 shows panel modification.
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1 2

3

Fig. 3: Experimental setup prototype consists: 1-PV-
Reference system, 2-PV-PCM system, 3-PV-PCM-Water
system, 4-Data logger, 5-Pyranometer, 6-Host computer, 7-
Water tank, 8-Water pump, 9-Thermocouple, 10-Water flow
from tank to PV (cold) and 10- Water flow from PV to tank
(hot)

Fig. 4: . ref. PV(Left), PV-PCM (middle) & PV-PCM-
W(Right) system

5. Result and Discussion

5.1 Solar Radiation Intensity (G)

During the three days of the experiment, Fig. 5 shows
the global solar radiation intensity (G). The average solar
radiation intensity for three consecutive days are found to
be 441 W/m?, 451 W/m? and 468 W/m?  respectively.
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Fig. 5: The measured solar irradiance(G) data for
consecutive three days

5.2 Temperature Drop

According to Figure 6, we can observe that at the
commencement of the experiment, the ambient
temperature stood at 18°C. Over the course of day 1, the
temperature consistently rose to a peak of 29°C,
maintaining a steady increase until 15:55. An analysis of
the data also reveals that throughout this period, the
ambient temperature remained lower than the phase

change material's melting point of 29°C. This data
illustrates that the prevailing ambient conditions alone are
insufficient to trigger the melting of the phase change
material.

Power (W)

08:10
08:40

Day2
18-02-2022

Day 3
19-02-2022

PV-PCM-W

Day and Time
e PV/-Reference e pPV-PCM

Fig. 6: Recorder temperature during identified days for
various arrangements of PV panel

5.3 Variation in PV Output

The temperature decline noted in section 5.2 is seen to
benefit the PV voltage, but it adversely affects the current,
mainly due to decreased charge mobility. This pattern is
elaborated upon in Figure 7, where it becomes clear that
both PV-PCM and PV-PCM-W consistently maintained
high V¢ values with respect to the reference PV.
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Fig. 7: Open Circuit Voltage (VOC) measurements for ref.
PV, PV-PCM & PV-PCM-W

Figure 8 shows Isc values with minimal differences
observed among the three systems, except over the peak
point. Notably, the ref. PV registered slightly high current
with respect to the PV-PCM and PV-PCM-W, attributed to
its higher operating temperature.
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Fig. 8: Short circuit current measurements for identified days
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The effect of temperature regulation on power output is
plotted in Fig. 9. The PV-PCM and PV-PCM-W systems
produces more power than reference PV panel.
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Fig. 9: Power produced by ref. PV, PV-PCM & PV-PCM-W

So inclusion of PCM behind the PV panel produces more
power than simple PV panel. In next section, effect of thermal
regulation on conversion efficiency can be elaborated with the
help of experimental data.

5.4 Improvement in PV Efficiency

The calculated efficiency is plotted which is shown in
Fig. 10. The efficiency of PV-PCM & PV-PCM-W always
remains over the reference PV panel. The PCM modified
panels shown an improvement in efficiency compare to
that for PV without PCM.
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Fig. 10: Efficiency for ref. PV, PV-PCM & PV-PCM-W

5.4 Heat Gain by Water

The heat gain was calculated with following sensible
heat gain equation. For this work, pw is taken as 1000
kg/m3, Vw is 100 L, cpw is 4185.5 J/kgK and (Twi - Twf)
is 8 K, we get Qw is 3348400 J. The calculation reveals
that 930 Wh/day of thermal energy was stored in the water.

6. Conclusion

It is found that the PV-PCM & PV-PCM-W systems
maintain the surface temperature below reference PV
panels temperature for whole day. The temperature drop
was found to be approximately 11°C at its peak and 6°C
on average. The decreasing surface temperature has
shown a positive effect on VOC and negative effect on

ISC. With respect to PV only, the PV-PCM and PV-PCM-
W systems maintained a high VOC.. There is an about
10 % yielding in voltage gain were reported for both at
peak and an average data. The ISC shown negligible
difference among the three systems other than at peak
values where the reference PV panel has slightly higher
values compare with other arrangements.

The increase in power output has been reported for both
the modified panels as compared to the simple PV panel.
The peak and average percentage gain in power output is
founds to be about 10.5% and 8.5% respectively. The
promising results for improvement in efficiency were
found. The efficiency of PV-PCM & PV-PCM-W system
is seen higher with respect to the ref PV panel. The peak
and average percentage gain in efficiency is found nearly
about 5.5% and 8.5% respectively. The PV-PCM-W
system is showing an extra advantage over the other two
systems. The circulated water extracts the stored thermal
energy in the PCM and shows a 8 °C temperature gain.
This would be equivalent to total of 3348.4 kJ or 930
Wh/day.

Nomenclature

PV Photovoltaic

PCM Phase change material

PV/T Photovoltaic Thermal
Greek symbols

n efficiency
Subscripts

Wh Watt-hour

References

1) “International Energy Outlook,” 2021.

2) B. Dudley, “BP Energy Outlook,” 2021.

3) “Ministry of New and Renewable Energy,” 2022.
[Online]. Available: https://mnre.gov.in/. [Accessed:
21-Jul-2022].

4) “Framework Convention on Climate Change,” Paris,
2021

5) Ali A. Ismaeel, Hasanain A. Abdul Wahhab and
Zainab H. Naji " Performance Evaluation of
Updraft Air Tower Power Plant Integrated with
Double Skin Solar Air Heater" Evergreen: Joint
Journal of Novel Carbon Resource Sciences & Green
Asia Strategy, 8(2), 296-303 (2021).
https://doi.org/10.5109/4480706

6) Kirti Tewari and Rahul Dev "Analysis of Modified
Solar Water Heating System Made of Transparent
Tubes & Insulated Metal Absorber" Evergreen: Joint
Journal of Novel Carbon Resource Sciences & Green
Asia Strategy, 5(1), 62-72 (2018).

- 2587 -



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 10, Issue 04, pp2583-2589, December 2023

https://doi.org/10.5109/1929731

7) Piyush pal, Ajay Ketan Nayak and Rahul Dev " A
Modified Double Slope Basin Type Solar Distiller :
Experimental and  Enviro-Economic  Study"
Evergreen: Joint Journal of Novel Carbon Resource
Sciences & Green Asia Strategy, 5(1), 52-61 (2018).
https://doi.org/10.5109/1929730

8) Paul Byrne, Nandy Putra, Thierry Mare and
Nasruddin Abdallah " Design of a Solar AC System
Including a PCM Storage for Sustainable Resorts in
Tropical Region " Evergreen: Joint Journal of Novel
Carbon Resource Sciences & Green Asia Strategy,
6(2), 143-148 (2019).
https://doi.org/10.5109/2321009

9) Ibnu Roihanl, Kynan Tjandaputra A., Eko A.
Setiawan and Raldi A. Koestoer "Installing and
Testing the Grashof Portable Incubator Powered
Using the Solar Box "Be-Care" for Remote Areas
without Electricity" Evergreen: Joint Journal of
Novel Carbon Resource Sciences & Green Asia
Strategy, 7(4), 621-628 (2020).
https://doi.org/10.5109/4150516

10) T. Twidell, John and Weir, Renewable Energy
Resources, 3rd ed. Routledge, Taylor & Francis
Group, (2016).

11) S.R., “Slimmer Solar Cells,” Ingenia, no. 53, pp. 33—
37, (2012).

12) A.Agarwal, A. Tiwari, A. S.-M. J. of Matematik, and
undefined 2018, “Feasibility analysis for
enhancement of output power of the PV panels by use
of PCM (Phase Change Material) based cooling
technique,” Malayajournal.Org, no. 1, pp. 4649,
(2018).

13) G. N. Tiwari, R. K. Mishra, and S. C. Solanki,
“Photovoltaic modules and their applications: A
review on thermal modelling” Appl. Energy, vol. 88,
no. 7, pp. 2287-2304, (2011).

14) M. Hasanuzzaman, A. B. M. A. Malek, M. M. Islam,
A. K. Pandey, and N. A. Rahim, “Global
advancement of cooling technologies for PV systems:
A review” Solar Energy. (2016).
https://doi.org/10.1016/j.solener.2016.07.010

15) A. Shukla, K. Kant, A. Sharma, and P. H. Biwole,
“Cooling methodologies of photovoltaic module for
enhancing electrical efficiency: A review” Sol.
Energy Mater. Sol. Cells, vol. 160, no. July 2016, pp.
275-286, (2017).

16) T. M. Sathe and A. S. Dhoble, “A review on recent
advancements in photovoltaic thermal techniques”
Renew. Sustain. Energy Rev., vol. 76, no. March, pp.
645-672, (2017).

17) H. M. S. Bahaidarah, A. A. B. Baloch, and P.
Gandhidasan, “Uniform cooling of photovoltaic
panels: A review” Renew. Sustain. Energy Rev., vol.
57, pp. 1520-1544, (2016).

18) M. M. Islam, A. K. Pandey, M. Hasanuzzaman, and
N. A. Rahim, “Recent progresses and achievements

in photovoltaic-phase change material technology: A
review with special treatment on photovoltaic
thermal-phase change material systems” Energy
Convers. Manag., vol. 126, pp. 177-204, (2016).

19) E. Klugmann-Radziemska and P. Wcisto-Kucharek,
“Photovoltaic module temperature stabilization with
the use of phase change materials” Sol. Energy,
(2017). https://doi.org/10.1016/j.solener.2017.05.016

20) R. Thaib, S. Rizal, Hamdani, T. M. 1. Mahlia, and N.
A. Pambudi, “Experimental analysis of using
beeswax as phase change materials for limiting
temperature rise in building integrated photovoltaics”
Case Stud. Therm. Eng., vol. 12, pp. 223-227, (2018).

21) A. Karthick, K. K. Murugavel, and P. Ramanan,
“Performance enhancement of a building-integrated
photovoltaic module using phase change material”
Energy, vol. 142, pp. 803-812, (2018).

22) E. Klugmann-Radziemska, P. Wcisto, M. Ryms, and
H. Denda, “The Possibility of Phase Change
Materials (PCM) Usage to Increase Efficiency of the
Photovoltaic Modules” MATEC Web Conf., vol. 18,
no. 2014, pp. 4-10, (2014).

23) A. Hasan, J. Sarwar, H. Alnoman, and S. Abdelbaqi,
“Yearly energy performance of a photovoltaic-phase
change material (PV-PCM) system in hot climate”
Sol. Energy, vol. 146, pp. 417-429, (2017).

24) H. Mahamudul et al., “Temperature Regulation of
Photovoltaic Module Using Phase Change Material :
A Numerical Analysis and  Experimental
Investigation” (2016). DOI:10.1155/2016/5917028

25) Y. S. Indartono, S. D. Prakoso, A. Suwono, I. N. Zaini,
and B. Fernaldi, “Simulation and experimental study
on effect of phase change material thickness to reduce
temperature of photovoltaic panel” IOP Conf. Ser.
Mater. Sci. Eng., vol. 88, no. 1, (2015).

26) S. Sharma, L. Micheli, W. Chang, A. A. Tahir, K. S.
Reddy, and T. K. Mallick, “Nano-enhanced Phase
Change Material for thermal management of BICPV”
Appl. Energy, (2017).
https://doi.org/10.1016/j.apenergy.2017.09.076

27) L. Tan, A. Date, G. Fernandes, B. Singh, and S.
Ganguly, “Efficiency Gains of Photovoltaic System
Using Latent Heat Thermal Energy Storage” Energy
Procedia, vol. 110, no. December 2016, pp. 83-88,
(2017).

28) P. Atkin and M. M. Farid, “Improving the efficiency
of photovoltaic cells using PCM infused graphite and
aluminium fins” Sol. Energy, vol. 114, pp. 217-228,
(2015).

29) X. Yang, L. Sun, Y. Yuan, X. Zhao, and X. Cao,
“Experimental  investigation on performance
comparison of PV/T-PCM system and PV/T system”
Renew. Energy, vol. 119, pp. 152-159, (2018).

30) S. Preet, B. Bhushan, and T. Mahajan, “Experimental
investigation of water based photovoltaic/thermal
(PV/T) system with and without phase change
material (PCM)” Sol. Energy, vol. 155, pp. 1104-

- 2588 -


https://doi.org/10.1016/j.solener.2016.07.010
https://doi.org/10.1016/j.solener.2017.05.016
http://dx.doi.org/10.1155/2016/5917028
https://doi.org/10.1016/j.apenergy.2017.09.076

Thermal Regulation and Performance Improvement of Solar PV Panel Using PCM OM29

1120, (2017).

31) M. C. Browne et al., “Assessing the Thermal
Performance of Phase Change Material in a
Photovoltaic/Thermal System” Energy Procedia, vol.
91, pp. 113-121, (2016).

32) P. Shukla, N. Diwakar, and N. Mehta, “Study of Solar
PVI-PCM  Hybrid System with  Possible
Modifications to Increase Module and Thermal
Efficiency” vol. 7, no. 2, pp. 52-57, (2016).

- 2589 -





