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Table 1 Evolution of use and study of temperature reducing plates in evaporative cooling systems

Year Evolution uses and education. Reference
Abroad
1906 Used padding making from wool to absorbed water for household uses. Zellweger (1906)
1993 Design basic a passive cooling tower. Givoni (1993)
2010 Created cooling pad from pine apple leave with different of PAE and CMC ratio. Khampan et al. (2010)
2013 Fruits and vegetables are preserved using evaporative cooling systems to reduce temperature and Liberty et al. (2013)

increase humidity for reduced deterioration and extend the shelf life of fruits and vegetables.

2018 Testing cooling pad made from activated charcoal and loofahs. Aziz et al. (2018)
Thailand
2007 Study mulberry paper physical properties for the evaporative cooling system. Maneewan (2007)
2008 Design and development cooling pad made from coconut husk use in the greenhouse. Kanla (2009)
2011 Study efficiency of cooling pad made from coconut husk for chicken house. It reduced the Premjai & Poolkrajang (2011)

temperature outlet to 5 degrees Celsius.
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Figure 1 Evaporative cooling process.

Source: Kapilan et al. (2023)
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Figure 2 Honeycomb terminology.

Source: Rupani et al. (2017)
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Corrugated Sheet  Corrugated Block

L e

Figure 3 Corrugation method of core manufacturing.

Source: Rupani et al. (2017)
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Table 2 Efficiency of cooling pad under different materials

5189 (Hassan et al., 2021) uana1nd §9fis1897un13A N
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Packing type Flow Operating parameters Wind speed Performance parameters
type Range coP Humidification efficiency (%) DP

(PA)

Coconut fibers Cross Air velocity 1.4 m/s 2.10 + 69.39 % * 39.19 +

Cellulose Cross Air velocity 1.8-4.0 m/s 2.50 + 85 % * 70.00 +

Eucalyptus Fiber Cross Air velocity 0.1-1.2 m/s 4.05 + 65 % * 60.00 +

Charcoal Counter Air velocity 4-6 m/s 1.41 Rise to optimum value then 87.00 +

fall 57.40 %
Cellulose Counter Air velocity 4-6 m/s 3.17 Rise to optimum value then 75.00

+ fall 77.45 %

Remarks: 1. Coefficient of performance (COP) 2. Change in pressure (DP).
Performance parameters increase with the rise in air velocity.
Performance parameters decrease with the rise in air velocity.

Source: Salins et al. (2021)
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Figure 4 Some example of cooling pads make from a) banana fiber b) coconut fiber ¢) luffa and d) charcoal.

Source: Aziz et al. (2018); Dhamneya et al. (2017); Salins et al. (2021)

d3UNanN15IY

o

nsvinsinuastudagtuiisunug

LR}

T8LRNIZAUNUAT
NN UBE19mBLT o dulUITBN1INABIYININISNEAT
Aug lAunsldmalulagiiednwinandaliiiusunauay

AuNWMET N1TISEUUNSTIALEusuussmetulsinluseuy

q U

o

e ldienagademeuiussuvangamgiuuudu dnsld
naudeaiiesaininismyuieudilussuunduanlglvavinla
fnsagideuieanainszuuniunn eiininiinisussend by

v
o Y

anuidefinansneasinUssyndldluduiagmadenluns

o

a & oo < a o vy 1Y a
Ao duuiwihanuiuazgailvsuyulunisldssuuaasludn

oy
v = waa & '

Tne¥anfiavihundauiuvhanubussdedlnuautifisone

9

msangamaiilulsusou uaziluiagifiviesduielididuyusd

q

o

iliinunsnssedesdndald Fununsnsazaiunsavngesnw
sdsnaliinwasnsanuisaldauladinenazusuldlanudouly
X A v ° a v a o
voaiuity q b nmsidnavenwiAalunsldmaluladuazian
v o X ° ' o = o = a
vesdutlensdlugniswaunnaluladuazdansiudanisiiy
UszdnSnmmaasugiauasdsnaeureinisinunsiulsnsou
= 1 o o = ' a v ad g
Jamshimudaglunisdnwnasduasunsldmalulagmdu
TnsfivdanindeuiieatiuayunisinunsNgduwasnunIusenis
wWasuwlasanimgdenie uenaind n1sliauddgluns
WAUINS NN TFTTUIANTI ARz TIwann1TTENasULazN1T
UaeeimSounszanisounszanansifugudlunisinuns uaz

FruUFNeNIWLANIANEAT AN SRR AIE ULNTU

References

Alibaba. (2022). Coolingpad price. Resources. Accessed February
20, 2022. Retrieved from https://thai. alibaba. com/ p-
detail/Evaporative-1600089660153.html (in Thai)

Aziz., R. A, Zamrud, N. F., & Rosli, N. (2018). Comparison on
cooling efficiency of cooling pad materials for evaporative
cooling system. _Journal of Modern Manufacturing

Systems and Technology, 1( 1), 61- 68. doi:
10.15282/jmmst.v1i1.199

Babaremu, K. O., Omodara, M. A., Fayomi, O. S. I, Okokpuijie, I. P.,
& Oluwafemi J. O. (2018). Design and optimization of an
active evaporative cooling system. International Journal
of Mechanical Engineering and Technology, 9(10), 1051-
1061.

Department of Alternative Energy Development and Energy

Efficiency Ministry of Energy. (2021). Biomass green

energy that is friendly to the world. Resources.

Accessed  August 15, 2023. Retrieved  from
https://www.thebangkokinsight.com/news/environmen
tal-sustainability/558298 (in Thai)

Dhamneya, A. K., Rajput, S. P. S., & Singh, A. (2017). Experimental
performance analysis of alternative cooling pad made by
agricultural waste for direct evaporative cooling system.
International Journal of Mechanical Engineering and
Technology, 8(7), 199-212.

Franco, A, Valera, D. L., & Pefa, A. (2014). Energy efficiency in
greenhouse evaporative cooling techniques: cooling
boxes versus cellulose pads. Energies, 7(3), 1427-1447.
doi: 10.3390/en7031427

Franco-Salas, A., Pefia-Fernandez, A., & Valera-Martinez, D. L.
(2019). Refrigeration capacity and effect of ageing on the
operation of cellulose evaporative cooling pads, by wind
tunnel analysis. International Journal of Environmental
Research and Public Health, 16(23), 4690.. doi
0rg/10.3390/ijerph 16234690

Givoni, B. (1993). Semiempirical model of a building with a passive
evaporative cool tower. Solar Energy, 50(5), 425-434. doi:
10.1016/0038-092X(93)90064-U

Hassan, Z., Misaran, M. S., Siambun, N. J., & Adzrie, M. (2022). The
effect of air velocity on the performance of the direct
evaporative cooling system. Proceeding of the IOP
conference series: materials science and engineering for
sustainable advancement (MEESA 2021) (pp. 1-7). Sabah,
Malaysia: IOP  Publishing Ltd. doi: 10.1088/1757-
899X/1217/1/012016

Hatfield, J. L., & Prueger, J. H. (2015). Temperature extremes: effect
on plant growth and development. Weather and Climate
Extremes, 10, 4-10. doi: 10.1016/j.wace.2015.08.001

Hemwong, S. (2013). Biochars: carbon sequestration and soil
fertility. King Mongkut's Agricultural Journal, 31(1), 104-
113. (in Thai)

Kanla, S. (2009). A comparison of physical properties between
evaporative cooling pad prototype from coconut fiber

with cellulose pad. Air- Conditioning Engineering


https://doi/

S. Kongna et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(1): 1 - 9 8

Association of Thailand. 15, 49-57. (in Thai)

Kapilan N., Isloor, A M., & Karinka, S. (2023). A comprehensive
review on evaporative cooling systems. Results in
Engineering, 18, 101059. doi: 10.1016/j.rineng.2023.101059

Khampan, T., Thavarungkul, N., Tiansuwan, J., & Kamthai, S.
(2010). Wet strength improvement of pineapple leaf
paper for evaporative cooling pad. Proceedings of the
world academy of science, engineering and technology
(2010-376X) (pp.254-257) Istanbul, Turkey: World
Academy of Science, Engineering and Technology.

Kouchakzadeh, A., & Brati, A. (2013). The evaluation of bulk
charcoal as greenhouse evaporative cooling pad.
Agricultural Engineering International: CIGR Journal, 15(2),
188-193.

Liberty, J. T., Ugwuishiwu, B. O., Pukuma, S. A, & Odo, C. E. (2013).
Principles and application of evaporative cooling systems
for fruits and vegetables preservation. International
Journal of Current Engineering and Technology, 3(3),
1000-1006.

Maneewan, S. (2007). Investigation of physical properties of
mulberry paper for evaporative cooling system.
Naresuan University Journal, 15(2), 63-72. (in Thai)

Namhormchan, T. (2019). Plant factory. EAU Heritage Journal
Science and Technology, 13(2), 46-62. (in Thai)

Namhormchan, T., & Muangchan, N. (2020). Energy conservation
in the closed- system greenhouse. EAU Heritage Journal
Science and Technology, 14(1), 1-13. (in Thai)

Oliy, G. B. (2020). Comparative effect of brick and charcoal
made evaporative cooling storage on shelf life of
tomato.  International Journal of Scientific and

100 5) , 729-734. doi

10.29322/ijsrp.10.05.2020.p10184

Research Publications,

Premijai, N., & Poolkrajang, A. (2011). Study on the efficiency of

cooling pad made of natural materials for a broiler house.

Proceeding of Academic conference Khon Kaen
University (pp.770-774). Khon Kaen, Thailand: Khon Kaen
University. (in Thai)

Puttaraksa, P., Nathewet, P., & Mongkon, S. (2017). Potential of
evaporative cooling system in a tropical strawberry
greenhouse. Proceeding of the 13 conference on energy
network of Thailand (pp.56-64)., Chiang Mai, Thailand:
Rajamangala  University of Technology Thanyaburi.
(in Thai)

Rupani, S. V., Jani, S. S., & Acharya, G. D., (2017). Design, modelling
and manufacturing aspects of honeycomb sandwich
structures: a review. International Journal of Scientific
Development and Research, 2 4) , 526- 532. doi:
10.1712/ijsdr.17013

Salins, S. S., Kota Reddy, S. V. K, Kumar, S., & Stephen, C. (2021).
Experimental investigation of humidification parameters
using biomass-based charcoal as an alternative packing
material. Journal of King Saud University - Engineering

35(7), 495- 505. doi: 10. 1016/

j.jksues.2021.04.005

Sciences.

Tejero-Gonzalez, A, & Franco-Salas, A. (2021). Optimal operation
of evaporative cooling pads: A review. Renewable and
Sustainable Energy Reviews, 111632.  doi:

10.1016/j.rser. 2021.111632

151,

Yamfang, M, Boonwan, C., Laongwan, C., Assanee, N., Pairintra, R.,
& Guptasa, M., (2021). The application of combined
systems including evaporative cooling and vapor
compression air conditioning system for a silkworm
rearing house. Journal of Engineering, RMUTT, 19(1): 13-
23, (in Thai)

Zellweger, J. (1906). Air filter and cooler. U.S. patent 838602.

2022. Retrieved  from

Accessed  February 20,

https://patents.google.com/patent/US838602A/en.



S. Kongna et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(1): 1 - 9 9

Research article

Role of agricultural waste: alternative materials for evaporative cooling pad

Somporn Kongna!* Komkrit Chooruang? Kanlaya Mikhama® and Saowakon Hemwong?

Graduate School in Agricultural Innovation and Technology, Faculty of Agriculture and Technology, Nakhon Phanom University,

Nakhon Phanom Province 48000

2Division of Computer Engineering, Faculty of Engineering, Nakhon Phanom University, Nakhon Phanom Province 48000
3Division of Plant Science, Faculty of Agriculture and Technology, Nakhon Phanom University, Nakhon Phanom Province 48000

ARTICLE INFO

Article history

Received: 11 October 2023
Revised: 6 December 2023
Accepted: 9 January 2024

Online published: 18 March 2024

ABSTRACT
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The use of evaporative cooling systems in greenhouse cultivation is a promising option
for addressing agricultural challenges in the face of global warming. However, a notable issue
is the high cost of cooling pads, making this technology The use of evaporative cooling systems
in greenhouse cultivation is a promising option for addressing agricultural challenges in the
face of global warming. However, a notable issue is the high cost of cooling pads, making
this technology inaccessible to small-scale farmers. This article aims to compile, analyze,
and summarize the evolution, principles, and production methods of utilizing agricultural waste
materials as evaporative cooling pads. It also compares the efficiency of using agricultural waste
materials as cooling pads, highlighting their potential to reduce temperatures by 3 to 8 degrees
Celsius. In comparison, conventional paper-based panels typically achieve a reduction
of approximately 5 degrees Celsius. The efficiency of using agricultural waste materials
for evaporative cooling depends on various factors, including the internal structure of the material,
the pore size and pore volume, water absorption and evaporation capabilities, moisture retention
capacity, and resistance to clogging. Additionally, the sustainability of these materials relies
on their ability to minimize accumulated debris and their cost-effectiveness, enabling widespread
adoption among small-scale farmers. In conclusion, this research synthesizes findings from studies
that utilize efficient agricultural waste materials for sustainable evaporative cooling.
The development of low-cost materials holds the key to ensuring that small-scale farmers can
access and benefit from this technology, ultimately contributing to the establishment of sustainable
and cost-effective agricultural practices in the future for small-scale farmers. This article aims
to compile, analyze, and summarize the evolution, principles, and production methods of utilizing
agricultural waste materials as evaporative cooling pads. It also compares the efficiency of using
agricultural waste materials as cooling pads, highlighting their potential to reduce temperatures
by 3 to 8 degrees Celsius. In comparison, conventional paper-based panels typically achieve
areduction of approximately 5 degrees Celsius. The efficiency of using agricultural waste materials
for evaporative cooling depends on various factors, including the internal structure of the material,
the pore size and pore volume, water absorption and evaporation capabilities, moisture retention
capacity, and resistance to clogging. Additionally, the sustainability of these materials relies
on their ability to minimize accumulated debris and their cost-effectiveness, enabling widespread
adoption among small-scale farmers. In conclusion, this research synthesizes findings from studies
that utilize efficient agricultural waste materials for sustainable evaporative cooling.
The development of low-cost materials holds the key to ensuring that small-scale farmers can
access and benefit from this technology, ultimately contributing to the establishment of sustainable
and cost-effective agricultural practices in the future.
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