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Experimental Study of the Efficiency of Alternative Biochar-based Cooling Pads for Evaporative

Cooling System
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Abstract

Currently, the evaporative cooling pads are produced from kraft paper type with high cost and short
lifetime. Using biochar, a material produced from local waste, is an alternative for agriculture. Therefore, this
research aims to compare the efficiency of cooling pads produced from biochar for evaporative cooling
systems. The study used two test boxes of different sizes with three types of biochar i.e., rice husk, eucalyptus
wood, and bamboo wood biochar. These were compared with paper cooling pads, controlling wind speed and
water flow rate. Temperature and relative humidity were measured before and after passing through the cooling
pads. The study found that eucalyptus wood biochar could achieve the highest average temperature reduction
of 7.06 degrees Celsius and maintain a constant relative humidity (74.27%), similar to paper (82.11%) by an
appropriate value ranging from 40-90%. Analyzing the efficiency of evaporative cooling (Saturation efficiency),
it was observed that eucalyptus wood and bamboo wood biochar had performance close to paper for size 1.
(W20 x L 20cm). However, for size 2 (W 40 x L 40 cm), the efficiency of bamboo wood biochar decreased,
while eucalyptus wood biochar remained constant, and increased for paper from the cooling pad. However,
cost efficiency analysis with result that eucalyptus wood biochar had a lower cost efficiency compared to
cooling pads made from paper. Therefore, this study suggests that eucalyptus wood biochar is suitable for
producing cooling pads in evaporative cooling systems. It can absorb water, has good ventilation, a long
lifetime, and fungal control agents, which affect plants, animals, and workers in a greenhouse. Therefore,
biochar also contributes to long- term environmental problem- solving through biodegradability and sail
preservation. Additionally, it helps reduce production costs by recycling materials within the community for new
benefits.
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Table 1 Cost of production for each 20 x 20 cm” cooling pad material in this experiment

Material type

List
Paper RHC EC BC
Raw material (Bath/mz) 1,389 - - -
Biochar stoves (Bath)’ - 15 150 150
Plastic net (Bath/m’) - 43 43 43
Total 1,389 58 193 193

fixed cost

ﬁﬁf?@@ﬁ"\i 4 1ila TAANMANTANIINIEAN
1e4dan Usznausae Tassainvaesdulneld
NADIAaNITAUBLANAIBULLLABNNIIA (Scanning
electron microscope; SEM) rﬁh‘ﬁuﬁaq (surface
area) (A1319tNM9/N5H) 1Aead BET (Brunauer-
Emmett-Teller) AMLUTN1MUB93NWIU (pore volume)
(@Tsiansu) TneAT total pore volume WATANTUIAINTU

(pore size) 1ne/A3 BJH method adsorption pore radius

ﬂ’]‘i’aﬂﬂLL'Ll‘LILLBiu@ ﬂ’qm‘lﬂgﬁ
A o P P v o PRy
LN@V]’m’]ﬁ‘LN’]Lif;li_l‘é‘ﬂ?;ll,l,@'lu’m’]uﬂvl,ﬂ@’m
v =3 ' v dld
ﬂ’]i‘LN’mWUﬂiMNﬂJu’]mL@ﬂLL@:i"auﬂ'}ﬂmzLLﬂNWN

PUAEURIAUEINATN 4 LUFLNRAT aniduiuwnaL

Figure 2 The cooling pads are made from a) Rice husk biochar (RHC)
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b) Eucalyptus biochar (EC) and ¢) Bamboo biochar (BC)
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Table 3 Water holding capacity of different cooling pad material in size 1 and size 2

Water holding capacity (%)

Material
Size 1 (W 20 cm x L 20 cm) Size 2 (W 40 cm x H 40 cm)
Paper 34.33 b 8.73 Db
RHC 77.92 a 2150 a
EC 49.44 b 17.43 a
BC 34.88b 9.420b
LSD 24.20 7.29"

.05

Remarks: Size W= Width and L=Long

‘, N significant differences p<0.05 statistical and p<0.01 respectively

Numbers, lowercase letters are directed differently in the same column. There are statistical differences at the

95% confidence level by means of LSD (Least Significant Difference Test)
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Table 4 The difference of temperature between the inlet and outlet of the cooling pads in size 1 and size 2

Difference temperature (°C)

Time Size 1 (W 20 cm x L 20 cm) Size 2 (W 40 cm x L 40 cm)

Paper RHC EC BC Paper RHC EC BC
10:00 -1.43 -1.94 -0.77 0.30 -1.80 -2.93 -0.90 -2.27
11:00 5.23 3.17 5.77 5.35 2.87 1.43 6.67 2.57
12:00 6.73 3.77 7.67 4.90 4.47 1.43 7.70 2.77
13:00 6.80 6.40 7.33 5.33 5.70 2.87 8.20 3.37
14:00 6.43 6.67 7.97 6.63 5.07 3.17 8.20 4.13
15:00 6.33 6.67 8.80 6.40 5.17 2.60 8.30 5.00
16:00 6.70 6.57 9.07 7.53 5.83 2.07 9.67 6.43
17:00 6.93 5.53 10.30 7.73 6.73 2.60 8.90 7.27
Avg. 5.47 bc 4.60c 7.02a 552 b 4250 1.66 C 7.09a 3.66 b
LSD 0.88" 0.73"

05

Remarks: Size: W= Width and L=Long
The outside temperature throughout the experiment (24 days) averaged 28.9-36.0 °C.
*, ** significant differences p<0.05 statistical and p<0.01 respectively.
Numbers and lowercase letters are directed differently in the same column. There are statistical differences at the 95%

confidence level using LSD (Least Significant Difference Test)
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Table 5 The relative humidity of the difference cooling pads materials in size 1 and size 2

Relative humidity (%)

Time Size 1 (W 20 cm x L 20 cm) Size 2 (W 40 cm x L 40 cm)

Paper RHC EC BC Paper RHC EC BC
10:00 63.23 68.42 64.70 61.80 64.07 52.17 63.00 58.73
11:00 72.37 71.43 76.93 80.77 78.83 57.87 72.30 64.23
12:00 83.73 71.57 76.53 83.17 82.13 58.63 72.83 66.00
13:00 84.03 70.73 76.10 85.60 83.77 58.20 71.80 65.83
14:00 87.70 74.07 76.63 86.50 86.57 61.03 72.27 69.80
15:00 85.13 74.13 76.53 86.70 84.57 59.27 71.93 71.27
16:00 87.83 75.83 79.53 89.03 91.27 64.93 75.20 68.17
17:00 87.77 78.21 82.93 87.30 90.77 68.97 79.10 70.33
Avg. 81.48a 73.05b 76.24ab 8261a 8275a 60.13bc 72.30b 66.80 c
LSD 7.08* 6.48"

.05

Remarks: Size : W= Width and L=Long

The outside relative humidity throughout the experiment (24 days) was between 48.90-68.10 %.

* kk
’

significant differences p<0.05 statistical and p<0.01 respectively.

Numbers, lowercase letters are directed differently in the same column. There are statistical differences at the 95%

confidence level by means of LSD (Least Significant Difference Test)
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Figure 5 Saturation efficiency of cooling pads in M size 1 and M size 2
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