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This research developed a device to reduce the temperature

of solar panels to enhance electricity generation efficiency. The selected
material was calcium chloride hexahydrate (CaCLZ~6HZO), which was
fabricated into a composite with expanded graphite. The resulting
composite, in the form of a fine solid powder, helps retain the molten

calcium chloride hexahydrate’s shape and improves the thermal

conductivity of the material. The composite was prepared using a mixture
of 80% by weight calcium chloride hexahydrate and 20% by weight

expanded graphite powder. The mixture was compressed into rectangular
blocks measuring approximately 20 x 20 x 80 mm and weighing about

45 grams each. These blocks were sealed in plastic bags using a vacuum heat sealer and then placed inside aluminum rectangular pipes

measuring 25 mm in width and 1 meter in length, with approximately 360 grams of composite per pipe. The aluminum pipes served to
dissipate heat into the atmosphere beneath the photovoltaic panels, where the temperature was lower. A total of 20 pipes were installed
on the back of solar panels. The results showed that this setup reduced the panel temperature by approximately 10 °C, leading to about a
5% improvement in electricity generation efficiency. The stability of the composite phase change material was tested by simulating temperature
cycles in an oven ranging from 25 to 65 °C for 5,000 cycles. Each cycle represents a daily temperature increase and decrease, equivalent to
approximately 13.5 years of usage. The tests demonstrated that the composite phase change material maintained its performance and did
not undergo any significant changes in properties throughout the testing period.
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Figure 1 Photograph showing the shape stability

test of a phase change material
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Figure 5 XRD patterns of calcium chloride raw materials and substances
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Table 1 Test results for the thermal conductivity of PCM materials

Properties Bulk density | Heat capacity Thermal Thermal
(g/cm’) (J/g°Q) diffusivity conductivity

(mm?/s) (W/m-K)

Expanded graphite (Powder) 0.21 0.5232 0.3850 0.0423

CaCl2-6HZO 1.59 1.4049 0.2542 0.5678

CaCL2-6HZO + 20%EG 1.46 1.2197 0.6414 1.1423
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Figure 6 DSC test results of samples of CaCl -6H O phase change material mixed with EG through

temperature simulation
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Table 2 Results of thermal analysis using DSC technique of samples that have undergone

temperature cycling simulation

Weight Heating Cooling

(mg) | Onset | T-melt | Endset | Latent | Onset | T-freeze | Endset | Latent
Samples C0) heat of 0) heat.of
melt freezing

(U/9) (U/9)
CaCL2~6HZO 5.100 26.13 29.30 32.21 | 187.90 | 21.57 20.10 17.52 165.30
CaCL2-6HZO+2O%EG 5.800 2691 30.10 32.74 | 141.60 | 22.32 20.60 18.46 130.40
1,000 cycle 5.200 26.51 29.56 32.44 | 146.23 | 23.12 20.92 19.24 | 128.49
2,000 cycle 5700 | 2587 | 29.15 | 32.16 | 140.87 | 22.10 20.47 18.29 | 129.97
3,000 cycle 5.300 27.24 30.76 33.89 | 14143 | 22.74 20.41 18.24 126.11
4,000 cycle 5.500 27.16 31.02 3341 | 137.76 | 22.17 20.50 18.19 122.97
5,000 cycle 5200 | 26.89 | 30.07 | 3276 | 147.76 | 22.02 | 20.51 18.03 | 128.81
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Figure 8 Temperature and electricity produced from 4 solar panels without PCM installed.

(Date of data collecting on February 9, 2024)
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Figure 9 Temperature and electricity produced from 4 solar panels without PCM installed.

(Date of data collecting on February 16, 2024)
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Figure 10 Temperature and electricity produced from 4 solar panels without PCM installed.

(Date of data collecting on February 21, 2024)
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Figure 11 Temperature and electricity produced from 4 solar panels without PCM installed.
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