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Abstract

This research attempted to study the biodiesel production reaction by transesterification of crude palm kernel
oil and refined palm kernel oil. From the experiment found that methyl esters synthesized from crude palm kernel
oil were lower than methyl esters synthesized from refined palm kernel oil under the same conditions due to the
oil's purity and different acidity. Butanol was used to produce diesohol at a low mixing ratio in this experiment.
Physical properties, homogeneity were then tested after six months of storage. Conduct the test by
D90B,5B5(RPKO) mixed well without stratification after six months of storage. From the experiment biodiesel
produced has a maximum productivity equal to 90.8%. Biodiesel was then used as an ingredient in the
D90B,5B5(RPKO). Then testing D90B 5B5(RPKO) for physics properties and performance in the engine. From the
experiment found that the D90B_5B5(RPKO) had similar physical properties to diesel fuel except the flash point is
lower than high-speed diesel fuel. The result of the performance found that D90B5B5 had slightly less torque and
brake power than standard diesel fuel with a higher fuel consumption rate than diesel fuel

Keywords: Biodiesel, Diesohol, Butanol, Transesterification, Methyl Ester

1. Introduction

Refined palm kernel oil is a vegetable oil with an unstable molecular structure. It cannot be stored for a long
time but has an iodine value below 120, so it is a non-drying oil. The iodine value indicates the plant oil’'s double
bond content, indicating the polymerization reaction. Refined palm kernel oil is less polymerized and reacts more
slowly than oils with higher iodine values. Direct application of refined palm kernel oil to diesel engines is not
workable due to it is a solid oil at room temperature and has high viscosity. Due to its high viscosity, it causes a
problem of injecting the oil as a fine mist, impeding the complete combustion of the oil. J. Baumi et al. [1] found
that clogging in the fuel line and fuel filter was associated with the saturated fatty acid methyl ester in vegetable
oil-based biodiesel. S. Kumar et al. [2] claimed that methanol and ethanol were assessed for their potential in most
research studies. M. Wu et al. [3] found that the advantages of these oxygenates are classified into several
categories. They are available from sustainable, the cultivation of crops, and atmospheric pollution increased energy
security, and the variability of energy sources generate market stability and reduce scarcity risk. G. Knothe et al.
[4] found that in the case of ethanol content in diesel: ethanol mixture. Ethanol increases, resulting in incomplete

combustion due to lower cetane values and higher CO, and CO emissions. Many researchers [5,6] suggested that

JEET 2022; 9(1): 1- 10
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an abundance of researches have been conducted on the properties of ethanol. Recent research studies on the
properties of butanol have shown that it is compatible with diesel fuel. However, the cetane content and flashpoint
are higher than ethanol. Butanol is less toxic and corrosive than ethanol. Many studies [7,8] found that due to the
presence of oxygen in butanol, the amount of carbon dioxide produced by combustion is reduced when adding
butanol to diesel: butanol mixture. S.B. Bankar et al. [9] claimed that the engine will be difficult to start with too
much butanol in the diesel mixture because the cetane number of the oil decreases with increasing butanol ratio.
E.G. Giakoumis et al. [10] found that recently, researchers have been interested in the simultaneous use of
biodiesel, ethanol, and butanol in diesel. Because biodiesel has a high viscosity, lubricity, cetane number and
flashpoint than butanol, which can be compensated by using butanol as a fuel ingredient. Mixing biodiesel in diesel
fuel can help reduce the amount of carbon monoxide and hydrocarbon in the engine. In this experiment,

D90B,5B5(RPKO) was tested in diesel engine

2. Objective

1.  To study the production process of biodiesel from Refined Palm Kernel Oil and Crude Palm Kernel Oil by
transesterifications method when the reactants were given different oil purity values

2. Study on the homogeneity of fuels when using biodiesel as an emulsifier of Butanol: Diesel fuel to replace
the use of additives imported from abroad

3. Comparison of biodiesel produced from Refined Palm Kernel Oil and Crude Palm Kernel Oil when NaOH
was used as a catalyst. Study the homogeneity when stored for six months to observe the mixture stratification
and chemical properties of D90B,5B5(RPKO). Then take D90B,5B5(RPKO) to test performance and fuel

consumption compared with standard diesel

3. Methodology
3.1 Biodiesel production process (Biodiesel from Refined Palm Kernel Oil)

1. One thousand milliliters of biodiesel from RPKO were poured into beaker one, then the oil was stirred
and heated by setting the stirring speed at 1500 rev/min and the temperature at 60°C. Seven grammes of NaOH
(0.7%NaOH(wt/vol)) and methanol: RPKO at a ratio of 1:3 were put into a second beaker, stirred and heated to
dissolve the NaOH flakes. Then the mixture from the second beaker was poured into the beaker one, stir for 60
minutes and then the stirrer was turned off. The glycerol was separated, and the methyl ester was washed with
warm water at 40°C. Rinsed until the pH of the water was seven. Then the experiment was carried out under the
following conditions:

2. Change the volumetric ratio of methanol: RPKO at 1:2 and 1:4

3. Change the reaction time from 60 minutes to 30 minutes

4. Change percent by mass 0.6%NaOH(wt/vol) and 0.8%NaOH(wt/vol)

2 JEET 2022; 9(1)
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3.2 Biodiesel production process (Biodiesel from Crude Palm Kernel Oil)

1. One thousand milliliters of biodiesel from CPKO was poured into a beaker, then stirred and heated by
setting the stirring speed at 1500 rev/min and the temperature at 60°C. Eight grammes of NaOH
(0.8%NaOH(wt/vol)) and methanol: CPKO at a ratio of 1:3 were put into a second beaker, then stir and heat to
dissolve the NaOH flakes. The mixture from the second beaker was poured into the first beaker, stirred for 60
minutes, and then the stirrer turned off. The glycerol was separated, and the methyl ester was washed with warm
water at 40°C. Then rinse until the pH of the water was seven. Then the experiment was carried out under the
following conditions:

2. Change the volumetric ratio of methanol: CPKO at 1:2 and 1:4

3. Change the reaction time from 60 minutes to 30 minutes

4. Change percent by mass 0.7% NaOH(wt/vol) and 0.9% NaOH(wt/vol)

3.3 Diesohol production process

1. Testing homogenous and emulsification stability by mixing diesel at low mixing. To do this, the ratio of
Diesel: Butanol: Biodiesel (RPKO) at 90:5:5 (volume) mixed using butanol with a purity of 99.4%. Then, adding
biodiesel blend by increasing the mixing ratio at all times with 5% by volume of a mixing ratio ranging from 5%-
15% by volume of mixed oil. The test oil was stirred at room temperature of 25°C and 35°C, 30 min and then
stored for six months to observe the mixture stratification

2. Take 1 to test the homogeneity

3. Take D90B,5B5(RPKO) to test physical properties

4. Then take D90B 5B5(RPKO) to test performance and fuel consumption compared with standard diesel

4. Equipment

1. RET BASIC SAFETY CONTROL IKAMAG
A set of equipment used in the production of biodiesel
Refined Palm Kernel Oil
Crude Palm Kernel Oil
Industrial grade methanol, purity is not less than 99.5%
n-Butanol 99.4% AR.Grade

Industrial grade sodium hydroxide, the purity value is not less than 90%

© N o g b~ b

Sodium sulfate

HONMAR Diesel Engine Specification

Cooling system

Model : DH850
Horsepower : 6.7HP/ 3600 rpm
Engine type : Single-cylinder

: Direct injection

Combustion system : 78 x 62
Displacement volume 1 296 cc
Capacity : 3.5 liters

JEET 2022; 9(1)
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CONTROL PANEL
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Figure 1 Installation of the engine

5. Results

Table 1 Volumetric ratio of methanol to refined palm kernel oil, 0.7%NaOH(wt/vol), at 60°C for 60 min

(Methanol : RPKO) Yield
(by volume) (%)

1:2 -
1:3 90.8

1:4 72

The results showed that biodiesel production from RPKO was significantly higher than biodiesel from crude

palm kernel oil; the difference was equal to 5%.

From Table 1, the test results when changing the volumetric ratio

of methanol to RPKO at 1:2, 1:3 and 1:4 at 60 min showed that the volumetric ratio of methanol: RPKO gave

percentage equal to 90.8%

Table 2 Change in proportional time at a volumetric ratio of methanol to refined palm kernel oil, 0.7%NaOH(wt/vol),

at 30 minutes and 60 mintutes

Time Oil Biodiesel Yield

(min) (cc) (cc) (%)
30 250 177.5 87
60 250 185 90.08

JEET 2022; 9(1)
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Table 3 Percentage change by NaOH catalyst mass proportional of methanol to refined palm kernel oil 1:3, 60°C,

for 60 minutes

Qil Biodiesel Yield
%NaOH(wt/vol)
(cc) (cc) (%)
0.6 250 194 77.6
0.7 250 227 90.8
0.8 250 202 80.8

From Table 2 and Table 3, the reaction of the volumetric ratio of methanol to refined palm kernel oil,
0.7%NaOH(wt/vol), at 60°C, reaction time of 60 min was more complete than at 30 min with a difference in
production percentage of 3.08%. Therefore, best biodiesel production from refined palm kernel oil was 60 minutes
due to the significant percentage difference; the percentage by catalyst mass per oil volume 0.7%NaOH(wt/vol)
was the percentage by volume of the product obtained with the highest oil consumption of 90.8% when compared

to the percentage by catalyst masses of 0.6 and 0.8%NaOH(wt/vol)

Table 4 Number of biodiesel rinsing times with distilled water, by volume methanol to refined palm kernel oil 1:3,
reaction temperature 60°C, for 60 min. Biodiesel washing: distilled water at a ratio of 1:3, reaction
temperature 40°C, Na,SO, 45% by weight of biodiesel. The time required for rinsing 30 minutes

%NaOH(wt/vol) Time Yield (%)

0.7 3 90.8

From Table 4, the percentage ratio by the catalyst mass to the oil volume 0.7%NaOH(wt/vol) can totally remove

soap and methanol catalyst from the oil. Water must rinse three times to neutralize the biodiesel

Table 5 Homogeneity test results of low mixing proportion fuels. (percent by volume) using biodiesel from refined
palm kernel oil and butanol as a mixture at room temperatures of 25°C and 35°C using butanol with a

purity of 99.4%

Biodiesel Stability Observation Stability Observation
Diesel Butanol
(RPKO) (25°C) (35°C)
90 5 5 clear and not separated  clear and not separated
85 5 10 clear and not separated  clear and not separated
80 5 15 clear and not separated  clear and not separated

From Table 5, fuel produced were homogeneous and non-stratified when stored for six months

JEET 2022; 9(1) 5
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Table 6 Volumetric ratio of methanol to crude palm kernel oil, 0.8%NaOH(wt/vol), at 60°C, for 60 min

(Methanol : CPKO) Yield
(by volume) (%)
1:2 -
1:3 77.2
1:4 70

Table 7 Change in proportional time at a volumetric ratio of methanol to crude palm kernel oil, 0.8%NaOH(wt/vol),

at 30 minutes and 60 minutes

Time Oil Biodiesel Yield
(min) (cc) (cc) (%)
30 250 177.5 74
60 250 185 77.2

Table 8 Percentage change by NaOH catalyst mass proportional to methanol to crude palm kernel oil 1:3,

at 60°C, for 60 minutes

%NaOH(wt/vol) 0il (cc) Biodiesel (cc) Yield (%)
0.7 250 184 73.6
0.8 250 193 77.2
0.9 250 178 712

From Table 6 to Table 8, as a result, the ratio by volume of methanol to crude palm kernel oil at 1:3 was the
highest product percentage, 77.2%, when using sodium hydroxide base as a catalyst. The reaction of the volumetric
ratio of methanol to crude palm kernel oil, 0.8%NaOH(wt/vol), at 60°C, reaction time of 60 min was more complete
than at 30 min with the difference in production percentage of 3.2%. Therefore, biodiesel production from crude
palm kernel oil was 60 minutes due to the significant percentage difference. Moreover, a percentage by catalyst
mass per oil volume 0.8%NaOH(wt/vol) was the percentage by volume of the product obtained with the highest oil

consumption of 77.2% when compared with the percentage by catalyst masses of 0.7 and 0.9%NaOH(wt/vol)

Table 9 The number of biodiesel rinsing times with distilled water, by volume methanol to crude palm kernel oil
1:3, reaction temperature 60°C, time 60 min. Biodiesel washing: distilled water at a ratio of 1:3, reaction

temperature 40°C, Na,SO, 45% by weight of biodiesel. The time required for rinsing 30 minutes

%NaOH(wt/vol) Time Yield (%)

0.8 3 77.2

From Table 9, the percentage ratio by the catalyst mass to the oil volume 0.8%NaOH(wt/vol) can totally

remove soap and methanol catalyst from oil. Water must rinse three times to neutralize the biodiesel
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Table 10 Properties of Fuel

Test Description

Test Method

Visual Inspection

High Speed Diesel
Bright and Clear

D90B,5B5
Bright and Clear

Color ASTM D1500 Max 4.0 L1.0
Cetane Index ASTM D976 Min 50 55.8
Distillation, C ASTM D86
Initial Boiling Point - 113.4
90%vol. Recovered Max 357 345.5
Flashpoint ASTM D93 Min 52 42.0
Pour Point, °C ASTM D97 Max 10 3.0
Viscosity at 40 C, cSt ASTM D445 1.8-4.1 2.7
Total Contamination, mg/kg EN 12662 Max 24.0 29
Micro Carbon Residue ASTM D4530 Max 0.3 <0.01
(MCR), %mass
Ash, %wt ASTM D482 Max 0.010 <0.001
Total Sulfur Content, mg/kg ASTM D5453 Max 50 37.2
Water and Sediment, %Vol. ASTM D2709 Max 0.05 <0.01
Corrosion ASTM D130 No.1 max No.1
20.00
[ ]
15.00 | g L e...... ®
_ @ B S
=]
7 @ DIESEL
2 10.00
§- D90Bu5B5(RPKO)
=
5.00
0.00
1500 2000 2500 3000 3500 4000

Speed (rev/min)

Figure 2 Relationship between torque and engine speed when using D90B 5B5 (RPKO)
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Figure 3 Relationship between power and engine speed when using D90B 5B5 (RPKO)
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Figure 4 Relationship between BSFC and engine speed when using D90B5B5 (RPKO)

From Figure 2 to Figure 4, the results found that D90B ,5B5 from refined palm kernel oil gave torque and braking
power similar to diesel fuel. The benefit of using butanol and biodiesel blends in diesel fuel is that because butanol
is blended in the oil, the oil’'s viscosity will be reduced to compensate for biodiesel. The experiment mixed the
proportions of butanol and biodiesel at the same ratio to study the behavior of the oil when used in diesel engines.
It is influenced by the density of the fuel properties, which directly affects the engine’s performance characteristics.
The oil test results showed that low blending ratio diesohol D90B ,5B5 from refined palm kernel oil had slightly less
torque and brake power than standard diesel fuel with a higher fuel consumption rate than diesel fuel. The main
benefit of using biodiesel in diesohol because biodiesel has a high viscosity which compensates for the low viscosity
of butanol-diesel blends. A low blending ratio of diesohol, D90B 5B5 from refined palm kernel oil had slightly less

torque and brake power than standard diesel fuel
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5. Conclusion

From the experiment, when considering the cost of the oil used as raw material, it was found that biodiesel
production from RPKO has a simple production process. Thus, it is an oil crop that has potential as a raw material
source for industrial biodiesel production because it requires only a cheap plant that is easily available within
Thailand

Base is chosen as a catalyst because it is a highly economical technology as it is a chemical process that uses
catalyst conditions to produce at low temperature and pressure and has a shorter reaction time than using acid as
a catalyst. Summary of factors affecting the production process are reaction temperature, oil and alcohol ratio, type
and concentration of catalyst, and reactant purity

In the experiment, the investigators considered choosing biodiesel produced from RPKO for engine testing
because RPKO biodiesel had lower polyunsaturated fatty acid content and higher productivity compared to biodiesel
made from CPKO. In addition, production control at 60°C for a short time increases biodiesel oxidation stability,
making the fuel produced stable and non-stratified

The pour point of the D90B 5B5 from RPKO has a pour point temperature of 3°C, so it can be used in a
temperature range of not less than 3°C. This will cause the oil to become waxy, which will cause clogged problems
in the oil duct and fuel filter. The produced diesohol has a discharge point that does not exceed the high-speed
diesel standards set by the Department of Energy Business

Biodiesel and butanol have lower calorific values than standard diesel. Therefore, when mixing biodiesel and
butanol in an increased proportion of the mixture, the calorific value of the fuel is reduced

The increased mixing ratio of butanol will cause a lower flash point of the fuel produced. However, when butanol
is added to an increased mixing ratio, the resulting fuel has a lower flashpoint

From the experiment, diesohol produced from RPKO has a flashpoint of 42°C, which is lower than the standard
for high-speed diesel fuel. Separate storage areas are required and safety management in oil transportation

According to the results of the experiments standard corrosion test ASTM D130, diesohol can be used in
engines without causing the effects of oil corrosion on the metal parts of the engine and does not affect the
operation of the engine.

The D90B,5B5(RPKO) had similar trends in torque and braking power at a low speed diesel engine and high

speed diesel engine with standard diesel fuel

6. References

[1] J. Baumi, C.M. Bertosse, and C. Luisa Barbosa Guedes, Aviation Fuels and Biofuels. Renewable Energy-
Resources, 2020. DOI: 10.5772/intechopen.89397

[2] S. Kumar, J. Cho, J. Park, and |. Moon, “Advances in diesel-alcohol blends and their effects on the
performance and emissions of diesel engines”, Renewable and Sustainable Energy Reviews, 22, 46-72,
2013. DOI: 10.1016/j.rser.2013.01.017

[3] M. Wu, G Wu, L. Han, and J. Wang, “Low-Temperature Fluidity of Bio- Diesel Fuel Prepared from Edible
Vegetable Oil", 2005. Retrieved from https://www.researchgate.net/publication/279567550_Low-

temperature_fluidity_of_bio-diesel_fuel_prepared_from_edible_vegetable_oil

JEET 2022; 9(1) 9



Production of Biodiesel from Refined Palm Kernel Oil as a Fuel Kanok-on Rodjanakid

and lts Effects on Compression Ignition Engine Performance

http://jeet.siamtechu.net

[4] G. Knothe, A.C. Matheaus, and T.W. Ryan lll, “Cetane numbers of branched and straight-chain fatty esters
determined in an ignition quality tester”, Fuel 82 8 971 975 Volume 82, Issue 8, May 2003, Pages 971-
975 Retrieved from https://doi.org/10.1016/S0016-2361(02)00382-4

[5] K. Nanthagopal, B. Ashok, V. Varatharajan, V. Anand, and R.D. Kumar, “Study on the effect of exhaust
gas-based fuel preheating device on ethanol-diesel blends operation in a compression ignition engine”,
Clean Technol Environ Policy, 19 (10) 2017, pp. 2379-2392

[6] D.C. Rakopoulos, C.D. Rakopoulos, E.G. Giakoumis, and D.C. Kyritsis, “The combustion of n-butanol/diesel
fuel blends and its cyclic variability in a direct injection diesel engine”, Proceedings of the institution of
mechanical engineers, Part AJ Power Energy, 225 (3) 2011, pp. 289-308

[7]1 D.C. Rakopoulos, C.D. Rakopoulos, E.G. Giakoumis, A.M. Dimaratos, and D.C. Kyritsis, “Effects of butanol—
diesel fuel blends on the performance and emissions of a high-speed DI diesel engine”, Energy Convers
Manage, 51 (10) 2010, pp. 1989-1997

[8] D.C. Rakopoulos, C.D. Rakopoulos, D.T. Hountalas, E.C. Kakaras, E.G. Giakoumis, and R.G.
Papagiannakis, “Investigation of the performance and emissions of bus engine operating on butanol/diesel
fuel blends”, Fuel, 89 (10) 2010, pp. 2781-2790

[9] S.B. Bankar, S.A. Survase, H. Ojamo, and T. Granstrom, Biobutanol: the outlook of an academic and
industrialist. RSC Adv, 3 (47) (2013), pp. 24734-24757. DOI: 10.1039/C3RA43011A (Review Article) RSC
Adv., 2013, 3, 24734-24757

[10] E.G. Giakoumis, C.D. Rakopoulos, A.M. Dimaratos, and D.C. Rakopoulos, “Exhaust emissions with ethanol
or n-butanol diesel fuel blends during transient operation: a review”, Renew Sustain Energy Rev, 1 (17)

2013, pp. 170-190

10

JEET 2022; 9(1)



Journal of Energy and Environment Technology ISSN 2392-5701

http://jeet.siamtechu.net Research Article

SUUgUEIARaUINAINHIAI T AT T UgNTUIN WA LA IS o
THE SOLAR MOBILE PUMPING SYSTEM FOR COMMUNITY FOUNDATIONS
HOUSEHOLD LEVEL

s o * Q/ s l{ o Y o
ﬁi’lqﬂﬁ‘amwmmqa " nOHILE IWNEAND * 55IMK TndARIAG

Sarayut Chitphutthanakul," Kritsana Chantasit,” Teerawat Chuenatsadongkot3

"Hrmnaanadmunininalulabgasmniin auznalulafgasmnnysn amIneasnan)ilwwesd
2 franmaamandmniniimniulaiadng anznalulabgasmnisn swineaensag i lnwssdl

8 mﬁniﬁm"uﬁ"nﬁmn‘ﬁuLﬂ"?"a\‘ma ﬂm:mﬂiuiaﬁaq@lm%mm w%ﬁﬂmﬁ'ﬂiwﬁgiﬂwwﬁzﬁ

* Corresponding author, E-mail: sarayut.c@rbru.ac.th Received: 22 December 2021
Revised: 5 April 2022

unanda Accepted: 6 April 2022

v @
a e AA e

N33 ﬁﬂsauuamqﬂizaaﬁLﬁaﬁﬂ‘mLL@:W”@Jms:uuquﬁwmﬁauﬁwé’ammmmﬁmﬁé’m%’ucgmugmﬁﬂ
luszauasiiSon u,a:"‘smmzﬁﬂ%mmﬁﬂﬁvlﬂyluu@iaz‘ﬁaoL’sawaaizuuquﬁwmﬁauﬁwé‘amuuaomﬁmsT guUnsalnan
ﬂi:ﬂauéﬁmﬂ’%iaagui{wamaﬂﬂﬂﬁﬂmmmaLLuuvl,inJmmmmw 250 106 INAULKI TR TARYUIA 400 106
$1um 1 ung dassunlasaPasadudimiuedani lduuannuniie 70 wudiwas 012 135 [IuAas IBERN
70 LTUALNAT gg]’muqumﬂlua@@f&ﬂaﬂﬂﬁ’msumma wasiawsnined gunsnidasnulnnszlonmalnia
n3zuEA39 (DC Surge Protector) Wazuafiaasuaasaussaulnin nszualnin sl dsanasihaslnariurie
IRULTING (LD5ID) IWA 3 90 §9 60 LOUAINAT HIUNNAIIA8AIIMNTING WRIAANINATO NI UAN T2
anuBosasunslasiaad 3 sean leun 10, 20 waz 30 a9en 1u291281 08.00 %. A9 17.00 . laslads 6 A39
T 1 52109 $1949% 3 A% WU °1h<1L'smmsﬁwmuﬁﬁﬂi:ﬁﬂ%mwgdq@mgo 3 3zAUAa T291381 13.00%. AUIumh
i{ﬂg\iq@whﬁ‘u 1,411.18, 1,965.74 uas 1,624.10 Aasdotalus audau lagszauanuidusfiwanzandonsls
% Aa AszauanuBes 20 asem VL@T&J’%mmﬁngaq@@ia’S’uMnﬁ'u 13,848 AT 38 13.85 AdaIh

o o

Ardany: Iruuguib, walnuwLseIiiad, szauaiiton

Abstract

The purpose of this research were to study and develop the solar mobile pumping system for the
community at the household level and to analyze the amount of water that obtained in each period from the solar
mobile pumping system. The main equipment consists of a BLDC motor pump at 250 watt together with a solar
panel at 400 watt, which were installed on a mobile trolley with the dimension of 70 centimeters width, 135
centimeters length and 70 centimeters height. A DC electric fuse, circuit breaker, a DC Surge Protector and a
monitor showing the information of the voltage value, electric current, and electric power were installed on the
internal control cabinet. The amount of water flow through the pipe of a 3 inch width and 60 centimeter height
were also measured. After installing and testing the equipment, the 3 level of inclination (10, 20 and 30 degrees)
of the solar cells were examined during 8:00 a.m. to 5:00 p.m. on average 6 times in 1 hour with 3 replications. It

was found that the highest efficiency for all 3 levels was at 1:00 p.m. The maximum water volume of each
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inclination levels were 1411.18, 1,965.74 and 1,624.10 liters per hour, respectively. The suitable inclination level
was 20 degrees which obtained the maximum amount of water of 13,848 liters or 13.85 cubic meters per day.

Keywords: Pumping System, Solar Energy, Household Level
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Abstract

At present, high-rise buildings or extra-large buildings are being constructed as residences and offices. When
building constructions, the sanitation systems are installed which will encounter obstacles, problems that affect the
working practice. Therefore, guidelines were set to reduce the problem of defects to a lesser extent. Which will
cause damage to the project in the future, where there will be a study of the problem, how to fix it and prevent it.
by collecting problem and cause data into the process of checking which is divided into 2 phases: the design and
construction phases. There are two kinds of consequences from the problems that affecting the working time and

the budget. The consequences are divided into 3 levels of severity
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The study results indicated that the most common problems occurred during the construction phase at stages
1, 3, and 5. Almost all building types had a time impact of severity of 2 (miduim) and 3(high) with a frequency of
18.18 - 27.25 percent. The most common problem, with a maximum frequency of 37.5 percent was found in the
design phase occurred at stage 3 of the factory building with a time impact of 2 (miduim) and 3(high). The least
common problems and some buildings did not encounter any problems occurred at the design stage 1 and 2, with
both time and budget impacts, with severity levels of 2 (midium) and 3(high).

Keywords: Sanitary System, High-Rise or Extra-Large Buildings, Impact, Time, Budget
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Abstract

This research aimed to study biodiesel production from refined palm oil stearin and propanol as an alternative
fuel. The experimental results found that biodiesel production from refined palm oil stearin using sodium hydroxide
as the base catalyst was 74%. Using biodiesel from refined palm oil stearin as an emulsifier in diesel: propanol:
biodiesel D90P5B5(RPO), D85P5B10(RPO), and D80P5B15(RPO) at 99.9% propanol purity, the experiments
examined the homogeneity and stability of the fuel produced. It was found that D90OP5B5(RPQO), D85P5B10(RPO),
and D80P5B15(RPO) (virtue of propanol 99.9%) were homogeneous. From the results, the physical properties of
D90P5B5(RPO) and D90B10(RPO) from the experiment met the high-speed diesel standards except for the
flashpoint of diesohol, which was lower than standard high-speed diesel fuel. Furthermore, the results of the
lubricating properties test evaluated by High-Frequency Reciprocating Rig (HFRR) according to CEC-F-06-A-96,
D90P5B5(RPO) had a wear scar test 236 and D90B10(RPO) had a wear scar test 234, which were related to the
better viscosity and lubricity properties than standard high-speed diesel fuel.

Keywords: Biodiesel, Transesterifications, Methyl ester, Propanol, Diesohol

1. Introduction

Biodiesel production can help meet the country's renewable energy needs. Palm oil produces the highest yield
and is one of its economic crops, so it could be used as an alternative energy source for petroleum fuels. Thus,
refined palm oil stearin was used in this research because the advantage of refined palm oil stearin is its low iodine
content and, therefore, less polymerization than high iodine type oils. Also, biodiesel production from refined palm
oil stearin is suitable because it uses the unused portion of palm oil to its full potential. Many researchers [1,2,3]
researched several types of alcohol as an additive in fuels. DYC. Leung et al. [4] studied biodiesel production using
methanol with the reaction temperature set below the boiling point. F Ma et al. [5] examined the interaction between
methanol and sodium hydroxide and mixing to elevate the reaction, and JM. Encinar et al. [6] studied the mixing
rate. Many studies [7,8,9] found using different catalysts in the transesterification process, biodiesel was produced
at a low-cost, production can reduce CO, emissions, and compete with diesel fuel. DYC. Leung and Y. Guo [10]
have reported the best temperature range was 50 to 60 °C. In this study produced biodiesel from Refined Palm

Oil Stearin by using the transesterifications method. Propanol was an ingredient in diesohol production and used
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biodiesel as an emulsifier for the production of diesohol and biodiesel blend at low mixing ratios. Then the physical
properties were studied, homogeneity and lubricating properties tests were evaluated by High-Frequency
Reciprocating Rig (HFRR) according to CEC-F-06-A-96 of D9OP5B5(RPO), D85P5B10(RPO), D80P5B15(RPO),
D90B10(RPO), D85B15(RPO), and D80B20(RPO).

2. Objective

1. To study the biodiesel production process from Refined Palm Oil Stearin using the transesterification
method and biodiesel as an emulsifier for producing diesohol and biodiesel blends at low mixing ratios.

2. To Analyze the physical properties of D90P5B5(RPO) and D90B10(RPO).

3. To study the homogeneity and observe the mixture stratification of D90P5B5(RPO), D85P5B10(RPO),
D80P5B15(RPO), D90B10(RPO), D85B15(RPO), and D80B20(RPO), plus, examination the lubricating properties
test evaluated by High-Frequency Reciprocating Rig (HFRR) according to CEC-F-06-A-96 of D90OP5B5(RPO) and
D90B10(RPO).

3. Methodology

1. Sodium hydroxide catalyst for biodiesel production from refined palm oil stearin.

2. Test for homogenization and emulsification stability by mixing diesel fuel at a low mixing ratio. To do this,
the diesel: propanol: biodiesel ratio must be determined at 90:5:5 (by volume). However, it must be mixed using
pure propanol 99.9%. The biodiesel mixture was added by continuously increasing the mixing ratio by volume 5%
of the mixing balance from 5% -15% by volume of mixed diesel and biodiesel blends D90B10(RPO), D85B15(RPO),
and D80B20(RPO) shall be stored for six months to observe the stratification characteristics of the mixture.

3. Testing the physical properties of standard diesel fuel, diesohol D90P5B5(RPQO) and biodiesel blend
D90B10(RPO).

4. Testing the lubricating properties of fuel using the method HFRR according to diesohol fuel D90P5B5
(RPO) characteristics and according to the biodiesel blend D90B10(RPO).

4. Equipment
4.1 Methods and Materials
Equipment for used in the transesterification process:
1. Magnetic stirrer temperature range: Room temperature to 340 °c, at 50-1,700 rpm.
2. Bar stirring cylindrical, separating funnel, flat bottom flask, condenser, and thermometer.
4.2 Oil used in the experiment
1. Refined palm oil stearin.
4.3 Chemicals used in the experiment
1. Industrial grade methanol.
2. Propan-1-ol (n-Propanol) AR grade with a purity of 99.9%.
3. Industrial grade sodium hydroxide.
4

. Sodium sulfate.
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Test Description Test Method Testing Instrument
Intensity ASTM D1500 Colorimeter
Density at 15 *C g/cm3 ASTM D4052 Digital Density Analyzer
Cetane Index ASTM D976 Calculation
Distillation , °C ASTM D86 Automatic Distillation Analyzer
Flash Point ASTM D93 Pensky-Martens Closed Cup Apparatus
Fatty Acid Methyl Ester, %vol EN 14078 Fourier Transform Infrared Spectrometer
Pour Point , °C ASTM D97 Automatic Pour Point Tester
Viscosity at 40 °C , cSt ASTM D445 Viscometer
Total Contamination , mg/kg EN 12662 Fibre glass Filter
Micro Carbon Residue (MCR) , %wt ASTM D4530 Coking Tester
Ash , %wt ASTM D482 Ash Content Tester
Total Sulfur Content , mg/kg ASTM D5453 UV Fluorescence Analyzer
Water Content , mg/kg ASTM D6304 Coulometric Karl Fischer Apparatus
Water and Sediment , %Vol. ASTM D2709 Oil Test Centrifuge
High-Frequency Reciprocating Rig (HFRR) CEC-F-06-A-96 HFRR Instrument

Figure 1 Testing Instrument

(8] (]
11 11
R=C=-0-CH; CHyOH R-C=0-CH
0 | 0 HO - CHa
11 11 i
R=C=0=CH + OH Cw R=C=0. + HO-CH
| CHy alvat CHy :
o] HO - CH:
R=C=0.CH; CHyOH 1
Y R-C-O-CH
Q
Triglyceride + 3 Methanel 3 Biodiesel + Glycerol

Figure 2 Transesterification of methanol and triglyceride
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Figure 3 Progression of the world biodiesel consumption [11]
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From Figure 3 Progression of the world biodiesel consumption, the share of production in the US global is
down to 17%. Vegetable oil production is expected to increase globally by 1.3%. Thailand is expected to produce

3.8 million tons of palm oil in 2000.

5. Results

Table 1 The volumetric ratio of methanol to refined palm oil stearin, 0.3%NaOH(wt/vol), at 60 oC, 60 min

(Methanol : RPO) Yield
(by volume) (%)
1:1 -
1:2 74
1:3 73
1:4 71.5

From Table 1 The volumetric ratio of methanol to refined palm oil stearin, 0.3%NaOH(wt/vol), at 60°C, 60 min,
the maximum percentage of biodiesel production from refined palm oil stearin was 74% at 1:2; increasing the

volume ratio decreases the production rate.

Table 2 Percentage change by NaOH catalyst mass proportional to methanol to refined palm oil stearin 1:3,

at 60°C, for 60 min

%NaOH(wt/vol) Oil (cc) Biodiesel (cc) Yield (%)
0.2 250 162.5 65
0.3 250 157.5 63
0.4 250 182.5 73

From Table 2 Percentage change by NaOH catalyst mass proportional to methanol to refined palm oil stearin
1:3, at 60°C, for 60 min, the results showed that the percentage by mass of catalyst with a volumetric methanol

to refined palm oil stearin at 1:3, 60°C, and 0.4%NaOH(wt/vol) had the rate of 73%, compared to 0.2%
NaOH(wt/vol) and 0.3%NaOH(wt/vol).

Table 3 Percentage change by NaOH catalyst mass proportional to methanol to refined palm oil stearin 1:2,

at 60°C, for 60 min

%NaOH(wt/vol) Oil (cc) Biodiesel (cc) Yield (%)
0.2 250 169 67.6
0.3 250 185 74
0.4 250 180 72
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From Table 3 Percentage change by NaOH catalyst mass proportional to methanol to refined palm oil stearin
1:2, at 60°C, for 60 min, the results showed that the percentage by mass of catalyst with a volumetric methanol

to refined palm oil stearin at 1:2, 60°C, and 0.3%NaOH(wt/vol) had the highest rate at 74%, compared to 0.2%
NaOH(wt/vol) and 0.4%NaOH(wt/vol).

Table 4 Change in proportional time at a volumetric ratio of methanol to refined palm oil stearin, 0.3%(wt/vol)NaOH

at 60°C

Time Qil Biodiesel Yield

(min) (cc) (cc) (%)
30 250 177.5 71
60 250 185 74

From Table 4 Change in proportional time at a volumetric ratio of methanol to refined palm oil stearin,
0. 3% (wt/ vol) NaOH at 60°C, the reaction of the volumetric ratio of methanol to refined palm oil stearin,

0.3%NaOH(wt/vol), at 60°C, and a reaction time of 60 min was more complete than at 30 min, with a difference
in production percentage of 3%. Therefore, biodiesel production from refined palm oil stearin was 60 minutes due

to the significant percentage difference.

Table 5 Percentage change by NaOH catalyst mass proportional to methanol to refined palm oil stearin 1:2,

at 60°C, for 60 min

Qil Biodiesel Yield
%NaOH(wt/vol)
(cc) (cc) (%)
0.2 250 169 67.6
0.3 250 185 74
0.4 250 180 72

From Table 5 Percentage change by NaOH catalyst mass proportional to methanol to refined palm oil stearin

1:2, at 60°C, for 60 min, biodiesel production from refined palm oil stearin using sodium hydroxide base catalyst
with a reaction time of 60 minutes was conducted. The optimum catalyst content was 74% at the volume ratio of
methanol: refined palm oil stearin at 1:2, at a reaction time of 60 min. Moreover, the percentage of catalyst mass
per oil volume 0.3%NaOH(wt/vol) was the percentage by volume of the product obtained with the highest olil

consumption of 74% compared to the percentage by catalyst mass of 0.2%NaOH(wt/vol) and 0.4%NaOH(wt/vol).
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Table 6 The number of biodiesel rinsing times with distilled water, by volume methanol to refined palm oil stearin
1:2, reaction temperature of GOOC, and time 60 min. Then, the biodiesel was washed with distilled water

at a ratio of 1: 3, a reaction temperature of 40°C, and Na,SO, at 45% by weight of biodiesel. The time

required for rinsing was 30 minutes.

%NaOH (wt/vol) Time Yield (%)

0.3 2 74

From Table 6 The number of biodiesel rinsing times with distilled water, by volume methanol to refined palm oil
stearin 1:2, reaction temperature of 60°C, and time 60 min. Then, the biodiesel was washed with distilled water at

a ratio of 1: 3, a reaction temperature of 40°C, and Na,SO, at 45% by weight of biodiesel. The time required for

rinsing was 30 minutes, the washing of the soap and methanol catalyst from the biodiesel refined from palm oil

stearin was with distilled water at 40°C, and it was found that the percentage ratio of the catalyst mass to the oil
volume was 0.3%NaOH(wt/vol) can remove the soap and methanol catalyst from the oil.

Therefore, the biodiesel was rinsed with water twice to neutralize the biodiesel. Then Na,SO, at 45% by weight
of biodiesel was added to remove the water from the biodiesel, ensuring that the water content percent by weight
was not higher than 0.050 following the characteristics and quality standards of fatty acid methyl ester biodiesel

according to the Department of Energy Business's announcement ASTM D 2709.

Table 7 Stability observation of fuel at 35 ° C used in the production of diesel

Diesel : Propanol : Biodiesel(RPO) (AR Grade) Stability Observation
D90P5B5(RPO) Homogeneous
D85P5B10(RPO) Homogeneous
D80P5B15(RPO) Homogeneous

From Table 7 Stability observation of fuel at 35 ° C used in the production of diesel, a small amount of propanol
was soluble in large quantities of diesel fuel without stratification. Consequently, when biodiesel from refined palm
oil stearin was used as an emulsifier in diesel mixtures, the diesel and propanol could blend without stratification.
Therefore, the emulsion of diesohol was stable. The different mixing ratios of diesel were then assessed for
stratification characteristics when kept under controlled conditions for six months. The refined palm oil stearin from
the experimental results remained clear and had no stratification. Furthermore, the results showed that the
experimental condition, by using 99.9% purity propanol, at 35 °c, the temperature used in the production of

diesohol could produce diesohol with no characteristics of separation of diesel production.

Table 8 Stability observation of fuel at 35 ° C used in the production of diesel

Diesel : Biodiesel Stability Observation
D90B10 Homogeneous
D85B15 Homogeneous
D80B20 Homogeneous
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Table 9 Appearance of Fuel

High Speed D90P5B5 D90B10
Description Method Diesel
Diesel (RPO) (RPO)
Appearance
Color Visual Bright and Clear Bright and Clear Bright and Clear Bright and Clear
Inspection
Intensity ASTM D1500 Max 4.5 1 1 1
Table 10 Physical Properties of Fuel
High Speed D90P5B5 D90B10
Description Method Diesel
Diesel (RPO) (RPO)
Density at 15°C ~ ASTM D4052 0.81 - 0.87 0.8295 0.8300 0.8337
(g/em®)

Cetane Index ASTM D976 Min 50 574 58.0 57.6
Viscosity at ASTM D445 1.8-4.1 29 2.7 3.0
40°C (cSt)

Flash Point ASTM D93 Min 52 65 <30 68
(°C)
Pour Point (°C) ASTM D97 Max 10 -6 -6 -6

Total Sulfur ASTM D5453 Max 50 40 36 32

Content, mg/kg
Cleanliness
Micro Carbon ASTM D4530 Max 0.3 < 0.01 0.01 < 0.01
Residue (MCR)
, (Y%omass)
Ash (%wt) ASTM D482 Max 0.010 < 0.001 < 0.001 < 0.001
Water and ASTM D2709 Max 0.05 < 0.01 < 0.01 < 0.01
Sediment,
%Vol.
Total EN 12662 Max 24.0 24 2.0 171

Contamination

(mgl/kg)
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Table 11 Distillation of Fuel

High Speed D90P5B5 D90B10
Description Method Diesel
Diesel (RPO) (RPO)
Distillation ASTM D86
Initial Boiling - 169.9 97.5 175.4
Point (° C)
90%vol. Max 357 349.8 348.3 346.0

Recovered (° C)

Table 12 Result of Wear Scar Test

Wear Scar Test

Type of Fuel
Mm
D90P5B5 (RPO) 236
D90B10 (RPO) 234

B0 1.00
B6.00 0.90
52.00
48.00 0.80
44.00 o

- 0.703
40.00 3

~ 3

5 36.00 06035

g £

© 32.00

E 050%

£ 28.00 3

2 g

3

@ 24.00 0405

8
20.00 3
0300
-
16.00 =
12.00 - 020
| b
8.00 |
- 0.10
4.00 -
0.00 0.00

0:00 0:10 0:20 0:30 0:40

Time (hh:mm)

0:50 1:00 1:10

Figure 4 The wear scar test of D90P5B5(RPO)
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Figure 5 The wear scar test of D90B10(RPO)

6. Conclusion

Using sodium hydroxide as a catalyst at low temperature and pressure results in large product volumes and
reduces production time to convert to methyl ester, with no additional processes. There are no side effects and
requirements for using other substances compared to acid as a catalyst.

Diesel engine performance is influenced by the fuel properties’s density, which directly affects the engine’s
performance characteristics. The main benefit of biodiesel in diesohol is that biodiesel has a high viscosity,
compensating for the low viscosity of propanol- diesel blends. When biodiesel is mixed as a substantial proportion
of the mixture, the propanol production is limited. The tendency is for the density and viscosity of the fuel to be
increased because biodiesel has a higher density and viscosity than diesel fuel.

From Tables 10, although biodiesel is denser than diesel fuel, it has a lower thermal energy value. For example,
the experimental at a low mixing ratio diesohol D90P5B5(RPO) was 0.8300 g/cm® and the low mixing ratio biodiesel
blend D90B10(RPO) was 0.8337 g/cm? within the high-speed diesel fuel benchmark. The density value represents
the amount of fuel energy at higher densities. Therefore, the cost of heating energy will be higher than the same
fuel.

The viscosity of D90P5B5(RPO) was 2.7 ¢St and the low mixing ratio biodiesel blend D90B10(RPO) was 3.0

¢St within the standard for high- speed diesel fuel. Therefore, the quality standards are set at 4.1 ¢St at 40°C of
the viscosity value following the characteristics and quality of high- speed diesel oil announced by the Department
of Energy Business; it must be at least 1.8. and not higher than 4.1 cSt, while the viscosity requirement of the low-
speed diesel oil is not higher than 8.0 cSt.

The results of the low mixing ratio of the diesel D9OP5B5(RPO) showed it had a lower flash point than the
diesel fuel standard specified set by the Department of Energy Business ASTM D93, which assigns the flash point
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not lower than 52 °C. Therefore, since propanol has a low flashpoint, people must be fully aware of this during
transportation, movement, and storage. In addition, when propanol is added to the fuel, the fuel's flashpoint is
reduced.

Biodiesel, produced from oil plants, had a low sulfur content when used as a fuel ingredient. As a result,
Diesohol D90P5B5(RPO) and biodiesel blend D90B10(RPO) had lower sulfur content than standard diesel fuel.
The composition of sulfur, when burning, was converted to sulfur dioxide. Therefore, D90OP5B5(RPO) and
D90B10(RPO) can reduce sulfur dioxide emissions.

From table 12, the results of the lubricating properties test assessed by using the High-Frequency Reciprocating
Rig (HFRR) Tested to the Standards CEC-F-06-A-96, D90P5B5(RPO) had a scar value of 236 and D90B10(RPO)
had a scar value of 234, which is not over 460. From the experiment, the fuel produced has lubricating properties.

Therefore, when used in compression ignition engines, it can reduce the wear of metal parts inside the engine.
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Abstract

Biochar, a material derived from pyrolysis process under limited- oxygen condition, is light weight and can be a
source of plant nutrition which mostly made from agricultural waste. The objectives of this study were to characterize
biochars that made form tree branches, bamboo, durian shell and biochar mixed (MB) from these biochars at rates
of 50, 30 and 20% by weight, respectively. Furthermore, to study effect of biochar combined with commercial
potting soil (CP) and cow manure (CM) at different rates on growth and yield of three green vegetables such as
Bok Choy, Pak Chai and Chinese kale planted in raised beds. Each of experimental design was randomized
complete block (RCB) with 5 treatments and 48 plants or replications such as 1) 100%CP, 2) 80%CP + 20%MB,
3) 50%CP + 50%MB, 4) 40%CP + 30%MB + 30%CM and 5) 50%CP + 50%CM. Growth and yield of vegetables
were collected 45 days after transplant as well as potting soil properties were analyzed after harvest. Results
showed that all biochars were alkaline have pH at range of 8.06 — 9.87. Cation exchange capacity (CEC)of biochars
varied with pH. Durian biochar contains highest concentrations of available P and exchangeable K which were
2,374 and 32,627 mg kg'1, respectively. Results of potting soil mixed from MB, CP, and CM showed that MB and
CM promote growth vegetables compared to 100%CP, especially potting soil mixed from 40%CP + 30% MB +
30% CM significantly enhanced growth and yield all vegetables. For example, Bok Choy, Pak Chai gained
approximately twice of fresh weight and promoted photosynthesis of Chinese kale noticeable from leaf greenness.
Adding of MB lead pH and CEC of potting soil mix after harvest but has not effect on EC values also increase
nitrogen use efficiency. In conclusion, this study supports the feasibility of adding mixed biochar up to a maximum
of 50% in the potting soil that has no effect on growth and yield of the green vegetables.

Keywords: Biochar, Potting soil, raised bed, Leaf vegetables
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ﬁmwwguguﬂ'jwmu%amwmﬂfmﬁu 5 WAMIANEAIL FIRiAuI mu%amwﬁ'vlﬁmn’i’a@lmaﬂ’mmzmil,l,@ia:
TRAAANVUANGAIINY %ﬁ@ﬁiﬁmnﬁﬂﬁﬁaLﬂwvl,ﬁﬁmlmy'ﬁﬂ%mmmm’m’rﬁa ﬂﬂdﬂ“ﬁﬁ@ﬁvl,éfmﬂLﬂwi'a@}mﬁaﬁa
MamInEa It duunassy (Sink) ﬁﬁmsamwm@;mmsﬁﬂ’i’luﬂ%mmﬁgmh fFunalatalanandSum
Twunaifauuazen CEC 1o wWianniFeuw neathan unay udu i nadifidesnsldduiinwduunas

maamqmmﬁamsﬁmimﬂ"ﬁﬁmaﬁa@ﬁﬁnmLmLﬂudm‘Ti'smw

A13199 1 awﬂ'ﬁmdLﬂﬁLLazﬂ%mmmqmmsﬁm aaﬁm%’;mmmni’a@mﬁaﬁdmdmimwm

CEC Total N Avail. P Exch. K
Materials pH

(cmol_ kg™ (%) (mg kg (mg kg")

Tree branches 8.06 20.24 0.56 74217 682.40
Bamboo 9.52 38.85 0.76 627.92 14,537.00
Durian shells 9.87 62.75 1.34 2,374.00 32,627.00
Mixed biochars (MB) 9.38 48.54 1.09 1,281.08 21,690.00
Cow manure (CM) 8.43 6.36 11.54 670.62 1,680.50

Commercial potting soil (CP) 7.57 0.65 0.014 21.36 35.71

42 mssaeulanasuanan
mﬂ“ﬁtﬁu%amwNauﬁwadaLa%umiw'%zylﬁﬂﬁLLa:miLﬁuwawﬁmaaﬁﬂﬂg@ 3 i@ &INITANINTIUN
HATBILARZMINARDS AT
maasydularasdnnanaeds #aImnananugs anueIn ananiisly Suauly anudn
ninaauazininuiinauauatdansInisg 4 fa CP 40% + MB 30% + CM 30% Suilunssuisfidsunaunas
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Ae o w aa aad A A ad A A v % ° Y ' o
InufayNIaiannTINITan (913199 2) PeNnTINATN 1 ﬂlmuﬂgﬂmamsm 100% i lwHnnNagad
ﬁﬂﬁﬁﬂ’mﬁzyLaﬂmﬁmé’lﬁuuamawﬁﬂﬁayﬁﬁg@ SNIRAIAN N DU LazIRINURIN LU RANE1INUNIIEDE
(M319N 2)
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matasdvlasmuiduuazdranudaunniinginisan (@1mei 2) aglsiany wud ielinmsloaiuiinan

o A & A o add I o @ o a o '
nNaNlugaaIwnNINUuL D% 50% Iﬂﬁ"l,wmuwawawma (M738357 3) nuivihlwassifdninaauinnin
aad ' Ae o w vy o o ' ' add A
nyItanadeivedany uadimuinuislduandrsannisuidsn 4 (@19en 2)

ﬁ’mﬁfﬂamadN“'ﬂm@m'mjaLLa:ﬁ'ﬂm@éauL@TﬁﬂgﬂI@mw”avlﬂaglflwﬁ';u 60 - 80 NTN/A% FIUAZUN 40 - 70
ATN/AU (A9 1) waaIlARAWINNTINADN 4 émm‘%uiﬁﬁ@mmﬁzyLﬁiﬂ(ﬂLLa:Lﬁuﬁmﬁfﬂa@maacﬁ'ﬂﬂ'mn'nwjma:
o ' v A X ' 4 P o A o ' aad o o Aa o o )
NNNNATBILGNNTNAS 2 1¥in Walfisunududannmansd mumsmﬁﬁummlmawammmﬁauﬂum‘sﬂgﬂwﬂ
lapmld duezdwudmnnmanithimldniseigdvlausznaniasauandrsannslgnazinlasialy Tae
Un@dnanudsivasluidudnulsiuassnulsunmaaa lsfasuas lulasian @hmmLimmnnﬂmmﬁﬁﬁmﬂﬂd’]
40 SPAD-unit ugavinnneziaiyLdulaldaiulnd aannsdinsvas Sendi, H., M.T.M. Mohamed, M.P. Anwar
and H.M. Saud (2013) [11] AinaaasdaninazirlasldAnuaauazizquniafisdouidaianliudiunas
lugansuds 9 ursaaslugalan uaznaseunisladuiadinie 15-15-15 601 1.8 nindafilaniy wudi Jaq

ada A X o @ a2 o & = o v A a a = a A
Uannnnymwadilan pH IANdIuauaaNvaFgnteNiiawolia pnaztinmaeiaduladsdnfusziidiaan
= 1 Qdd‘ U+ =1 4 1 dl n' g Qs Qq’ £ ¢ 3
Werlunnnin 40 SPAD-unit LilW’];tﬂiiN’JﬁVll“]ﬁJ‘ﬂLﬂu Li89371n6 pH mwmumﬂmﬂma@;mﬁamﬂam%ama
limgamsegluguliidudselemifililmadiduundsmgamsnazildsslomild Sendi, H., M.T.M.
dl U ~ o v &/ 1 0/ ' T

Mohamed, M.P. Anwar and H.M. Saud (2013) [11] ¥4I M e uTrInwnanyinlian pH FITWT U el LI
m‘:‘nmiamﬂmﬂuﬂiﬂwﬁmaam@;mmi Qmawﬂ'ﬁmuLﬂﬁ"uadmu%umwwaumﬂumiﬁﬂmﬁ 1asuanswanan

' A A a AaA & @ Aa A P’ A A ) '
wanduwinwiianniius Nld1 CEC uaziduiagnlzniug ssuTnagwniuinanaosia I@yLﬂuLLSﬁm
fiazanutinla@ 1w archerite (KH,PO,), Chiorocalcite (KCaCly), Kalicinite (KHCO,) Uag Sylvite (KCI) Prakongkep,
N., R.J. Gilkes and W. Wiriyakitnateekul (2014) [12] d3anamgamisdzludiudinwainidfannisouiagania
1 a § té 1 a v § § v { a Al v L v v
uIMNTiads 9 Siuandeannnwideaunlgiuiinnindaanield unay gt lne udu
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@13197 2 NIRTYELlauazNIRINARAATEIRNMANIIGI ANNMadadd wazinazi

Root Leaf Fresh Dry
Height Numbers Greenness
Experiment Treatment length width weight weight
(cm) of leaves (SPAD unit)
(cm) (cm) (g/plant) (g/plant)
1. CP 100% 33.10c  3.72c 9.23d 11.59¢c 37.7b 67.756d  29.82b
2. CP 80% + MB 20% 36.00b  4.20ab 9.79c  12.48bc 39.4b 77.05c  31.27b
Bok Ghoy 3. CP 50% + MB 50% 36.60b 4.04ab 11.35b 13.39ab 39.7ab 87.85b 32.49ab
4. CP 40% + MB 30% 41.60a 4.51a 13.68a 14.06a 42.8a 156.45a 46.29a
+ CM 30%
5. CP 50% + CM 50% 3510b 4.27a 10.31bc 12.41bc 40.4ab 85.35b  27.92b
F-test * * * * * * *
1. CP 100% 23.55c  3.64c 6.59c  14.64bc 40.6 62.01c  16.71
2. CP 80% + MB 20% 28.95ab  3.94c 12.11b  14.26bc 42.8 77.74b 21.78
~ 3.CP50% +MB50%  25.40bc 4.28b 11.10b  15.05ab 41.4 63.49c  18.17
Pak Chal 4. CP 40% + MB 30% 31.30a 5.59a 15.44a 15.73a 458 102.76a 27.81
+ CM 30%
5.CP 50% + CM 50%  28.40ab 4.48b 10.80b  13.69c 40.9 7449  16.51
F-test * * * * ns * ns
1. CP 100% 28.75b  3.71b 7.62c 9.19¢ 45.0d 29.38d  2.44c
2.CP 80% + MB 20%  31.65ab 3.92ab 9.05b  10.61b 49.9b 41.35b  3.63bc
Chinese 3.CP 50% + MB 50%  31.90ab 4.17ab 10.03ab 10.33b 49.5b 46.18a  5.42a
kale 4. CP 40% + MB 30% 34.55a 4.43a 10.58a 11.96a 51.5a 34.86c 4.31ab
+ CM 30%
5. CP 50% + CM 50% 2855b 4.35ab 8.72bc  10.42b 47 4c 33.06c 2.85bc

F-test

Means within the same column followed by different letters showed significantly different between treatments by

LSD test

* = Significantly different at P < 0.05, ns = non-significant difference

e a a o < { a
4.3 a&lll@]'ﬂ']ﬂlﬂﬁLl;a3‘]]‘5N']mﬁ'](aa']ﬂ'\5‘ﬂaﬂﬂ%ﬂ§ﬂﬂ']ﬂﬁaﬂ%qﬂtﬂﬂLﬁHQNaNa@]

auﬂ'ﬁmaLﬂfiLm:'ﬂ%mmmqmmsmaaﬁuﬂgﬂmmﬁ'ﬂmﬂﬁmﬁmN”ﬂﬁ'q 3 giaiait ﬁum‘*ﬁﬂgﬂﬁnm@

nagefifiduiinwnaun 3 n3Inds ldun nysnda 2, 3 uaz 4 fen pH lduandrsnunnaatia laofidn pH

Tus29 6.88 - 6.68 /i1 EC 1090338351 4 Aa CP 40% + MB 30% + CM 30% LaN@139911NIINIT0%a L

Jugdaynesda fa 0.22 dS ecm™ luamensswitauddr EC Tu1a4 0.15 - 0.19 dS em™ é1 CEC danuuaneny

' a L ] ' A ad A Y P a A 1 ' aad '
IWEAEINUAT EC NANIAE NITUITN 4 Eldﬂﬂllﬂflllﬁlﬂ'ﬂq(ﬂ A8 1.50 cmol kg™ LAZLANGIIINNNIINITAOUDLNI

Ao o w aa a A ' & o A & ~
fpdAyn1eadad dudSunmmgamisis wod lulesaunsnue weawadafiduszlomt uazlnunmboy
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Auanidfpulddiasnuiinfigalunssnisn 4 de 0.056%, 243.97 mg kg uaz 701.55 mg kg a1N&1GL dIu

add a9 va v oA A a o ' aad oA
NIINIBIN 1 ‘Y]slﬂj(ﬂuﬂgﬂ‘ﬂ’ldﬂﬂiﬂ’l 100% WU Nﬂiu’]mﬁ’]@laqﬂjﬁnﬂﬁuﬂ@qﬂaqﬂiiu')ﬁauaﬂ’]\ﬁ“%ﬂﬁ’]ﬂfyﬂqﬂﬁn

(@97 3)

@
v v @

é’(m%'uﬁuﬁslﬁﬁﬂgnﬁﬂmﬂémL@‘TLLa:ﬂ:ﬁﬂﬁmL‘ﬁulﬁmﬁ'u@uﬁl%ﬁgnﬁ'ﬂmmmnqammuﬂ%mmuammiﬁw
AMULANGAIILARZNTINIT lauAIWTINNLIN Lawzdn pH °1Jaoﬁuﬂgn‘ﬁlL‘ﬁu"fumué’mwmﬂdrhu"ﬁamwwau
FIUNTINIFA 1 Auilann19nnsd 100% wud EC uae CEC fninsTatinetnsfiteidmnisaia lusuues
m@lmmiﬁga 3 Tha WU mﬂdmu"ﬁ'amwLLazgaiﬁm‘"ﬂaa‘Luﬁuﬂgnmamw‘ﬁ (niiuﬁﬁ‘ﬁ' 4) ﬁwa'ﬁﬂﬁﬁuﬂgﬂ
ﬁﬂ‘%mmm@;mmsgaﬁq@ YoM IHENENRTINNREY WD yaladlududgnniini s 50% (N3IW357 3 uas
5) ﬁﬂﬁﬂ?mmmqmm‘sﬁwumwéﬁmmﬁmﬁmwawamiuﬂ%mmﬁlﬂﬁlﬁmﬁu FaunIlgaulgnniiniae
100% wuﬂ’%mmmqmm‘sﬁwﬁq@ (@199 3) InmsAnEntnaasliFuin dudinwuazyaie I Inliua
pH LLa:LﬂuLmdamqmmiﬁmadﬁuﬂgﬂ"lﬁvl,xiﬁﬂﬁm EC gaawiduduanosans wasilaiSouifinuszninedin
%am‘wNaw%ayai’wﬁ'ﬂﬁldaﬂuauﬂQﬂmamiﬁ’] 50% WL mmml‘*ﬁmu%mww%Hai’mﬁ'ﬂamﬂ@aﬂ"]{l
witsld 1iesnniduiagiliundsmaammandimlng liuandrsiu wazdLasunIesyiulavasini 3 oiia
"L@TLﬁuLﬁmﬁ’umﬂﬁagaﬂ%mmvluimmmﬁ%mLﬁuﬁmé‘ammﬂﬁ&r’?ﬁﬁ 4 wutsunaslulasanannninnssuisd 5
lunnmnansas ﬁ'fam@:i']Lﬁ@mﬂmiﬁgaﬁ%ﬁﬂﬂa@ﬂéaﬁ"LuImSLaqugﬂﬁLfluﬂizimwﬁ laun vanlufioylosan
uazlwasnloaau udvnsswihazgngadulilasdwiinwdsildlulanaudsaunieaglududlan Twwaefinns
ldgai"mﬁ'ﬂs'auﬁuﬁuﬂQnmamiﬁﬂué’@mdmﬁLﬁmﬁuné‘uwﬂﬂmmm‘imimﬂ'wﬁﬁfﬂé’nﬂ"‘mumdaﬁa B4
ROAARBINUAT CEC Léuﬁumaaﬁuﬂgﬂmumsﬁw (@135797 1) Lazd1 CEC AenaImMsLAuLiel (@139 3) Wa
miﬁﬂmf:aﬁfuagu'hmu%amwmUdaLa%uﬂi:%ﬂ%mwmig@l‘*ﬁm@;mmsﬁmm:a@mifgtyLﬁﬂﬁﬁ@q\"l,uimwu
ULAEINUANIANENVEY Lehmann, J., J. P. da Silva Jr., C. Steiner, T. Nehls, W. Zech and B. Glaser (2003) [13],
Van Zwieten, L., S. Kimber, A. Downie, S. Morris, S. Petty, J. Rust and K.Y. Chan (2010) [14] ua¢ L& AUT
AN (2557) [15]

l!l . = = a a I3 dl a
M1319N 3 a&m(ﬂ“{nx‘iLﬂ&lLLﬂZﬂi&l’]m‘ﬁﬂ(ﬂE]’]%’ﬁ“llﬂ{]@luﬂfﬁﬂﬂ’mﬂﬂ\‘l‘ﬂ’mLﬂlJLﬂil'JNﬂNEW]

EC CEC TotalN  Avai.P Exch. K
Treatment
(dS ecm™) (cmol kg™") (%) (mgkg') (cmol_kg™)
Experiment 1 : Bok Choy
1. CP 100% 6.39¢c 0.15¢ 1.15b 0.014c  228.89c 341.34d
2. CP 80% + MB 20% 6.88a 0.17bc 1.20b 0.042b  236.46b 393.70c
3. CP 50% + MB 50% 6.85a 0.17bc 1.35ab 0.041b  233.14b 638.21b
4. CP 40% + MB 30% + CM 30% 6.68ab  0.22a 1.50a 0.056a  243.97a 701.55a
5. CP 50% + CM 50% 6.47b 0.19b 1.30ab 0.028c  238.94ab 625.24b
F-test . . . . « .
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M13191 3 (6i9)

EC CEC Total N Avai. P Exch. K
Treatment
(dS ecm™)  (cmol kg™) (%) (mgkg”) (cmol_kg”)
Experiment 2 : Pak Chai
1. CP 100% 6.25d 0.18 1.05¢c 0.014c 226.47c 527.14d
2. CP 80% + MB 20% 6.70b 0.16 1.25bc 0.042ab  249.42b 573.53c
3. CP 50% + MB 50% 6.97a 0.19 1.40abc 0.038ab  242.78b 558.59c
4. CP 40% + MB 30% + CM 30% 6.58¢c 0.19 1.55a 0.042a 251.97a 928.47a
5. CP 50% + CM 50% 6.51c 0.14 1.30ab 0.028b 246.74b 633.05b
F-test * ns * * * *
Experiment 3 : Chinese kale

1. CP 100% 6.39d 0.20b 1.10b 0.014d 244.87d 567.49c
2. CP 80% + MB 20% 6.65b 0.20b 1.25ab 0.028c 289.46b 675.37b
3. CP 50% + MB 50% 7.07a 0.20b 1.40a 0.042b 271.92¢ 584.23c
4. CP 40% + MB 30% + CM 30% 6.61bc 0.25a 1.50a 0.056a 297.73a 884.83a
5. CP 50% + CM 50% 6.54c 0.22b 1.35ab 0.028c 262.51c 677.17b
F-test * * * * * N

Means within the same column followed by different letters showed significantly different between treatments by
LSD test

* = Significantly different at P < 0.05, ns = non-significant difference

5. andsgna
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THE DESIGN AND CONSTRUCTION OF AUTOMATIC 3 SPEED SOLAR
PANEL CLEANING MACHINE CONTROLLED BY MICROCONTROLLER
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Abstract
This paper presents the design and construction of automated 3 speed level solar panel cleaning machine
controlled by microcontroller with pulse width modulation at 30, 60 and 100 percent to clean solar panels instead

of humans. It consists of a charging circuit 2 drive motors, 1 brush motor, 1 solenoid valve, indicator light and
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Arduino Mega 2560 microcontroller circuit. This solar panel cleaning machine can move in 2 directions are
longitudinal walk of the panel forward and backward with 2 DC motors and 2 cut-off limit switches, the unit can
polish the solar panel by 1 DC motor connected to the brush set. There is a solenoid valve for cleaning water.
There is a wireless light that shows the working status of the machine and shows the battery level in 3 levels are
full, middle, and low. The microcontroller will order the drive motor and brush motor to work. The solenoid valve
will work with an indicator light. From testing, it was found that on dry areas the solar panel cleaning machine can
move forward and backward as needed. In wet areas, the solar panel cleaning machine can move but there will
be a slight interruption of the unit because the drive wheels are so slippery that they can't carry the machine to
move easily. The brush and brush motor test shows that if the brush is attached, the brush motor speed will
decrease due to the motor being loaded. In the actual test drive, the speed of the brush motor will decrease
according to the frictional area and efficiency test of the automatic solar panel cleaning machine for unclean panels
will be 62.06 percent efficiency and for clean panels will be 95 percent efficiency, making it safe and saves a lot of
human labor.

Keywords: Solar Panel Cleaning Machine, Pulse Width Modulation, Microcontroller
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Abstract

This paper presents the design and construction of automatic the loT system for clothesline cover controlled by
microcontroller to dry clothes instead of humans. This reduces anxiety when outside and when no one is home for
fear that the clothes will get wet with rain as well using the NodeMCU ESP8266 microcontroller, it can be automated
and controlled using a smartphone by using a light detector and a raindrop detector. From the test, it was found
that the automatic clothes drying rack was activated when the light detector detected that there was enough light
to dry the clothes and the raindrop detector caught it that there is no rain, it will send a signal to the NodeMCU
ESP8266 microcontroller, process it and order the door of the cloth cabinet to open to bring the clothesline out to
dry automatically then, the NodeMCU ESP8266 microcontroller sends a working status notification message to the
smartphone that the laundry has been dried. When the light detector detects that there is not enough light and the
raindrop detector detects that it is raining, it sends a signal to the NodeMCU ESP8266 microcontroller, which
instructs the clothesline to move the clothes to the storage cabinet. The clothes and the closet lid are automatically
closed. The NodeMCU ESP8266 microcontroller then sends a notification message to the smartphone indicating
that the laundry has been collected. The working part of the command system via a smartphone by testing 20
times, the operation of the system commanded via a smartphone by pressing the button to dry clothes every time,
the clothesline will dry the clothes and when pressing the button to collect the cloth every time, the clothes rack
will store the clothes as needed. It greatly facilitates, comforts, and reduces some of the steps in our daily lives.

Keywords: The loT System, Automatic Clothesline Cover, Microcontroller, Smartphone.
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Husninlau uazaiugumInnd i uaaninlnudndan
2. naufjuaznannisiientas

21 aumaﬁﬁ@mmaiiwéo (Internet of Things)

Zakiah Mohd Yusoff and Committee (2018) [4] Internet of Things (loT) Wl %1 mmﬂmﬂiuiaﬁmiizq
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Abstract

The global influx of electric vehicles is likely to grow rapidly, however, we can see that electric vehicles are not
yet as accepted or popular as they should be, as electric vehicles are currently relatively expensive and constrained.
1) To study the empirical promotion approach of electric vehicles. In Thailand 2) To study the relationship of
empirical promotion approaches to market factors influencing the decision to use electric vehicles. In Thailand, we
collect interview-based information from a group of electric car users from various Thai media sources, which is
considered to be true interview information. The interview data is within a five-year period, 2017-2022. The data

analysis showed that Thailand was ready because of the empirical promotion guidelines in relation to market factors
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influencing the decision to use electric vehicles. In Thailand, both Product marketing, price, distribution channels,
promotional aspects related to buyers, feelings, intentions. Factors related to users, confidence, security The camp
support of electric vehicles in terms of personal use characteristics is in the same direction.

Keywords: Electric vehicles, Marketing MIX
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Abstract

Currently, the publishing of images on the Internet is growing at a rapid rate as a result of advances in tools
and technology. This results in a large number of images published. To retrieve the desired image, tools such as
powerful and effective image retrieval systems are needed. The traditional retrieval system uses keywords from
the metadata to compare them with the query. When two users want to retrieve the same image using different
queries, it can be difficult for the query image retrieval system to determine and compare such queries. In this
study, a semi-automated system was developed through the enhancement of queries with Relevance feedback

using genetic algorithms in combination with Neighborhood Search. With this system, users can select the correct
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result image according to their search requirements from previous iteration and the result is then revised into a
new image query and fed back into the system until the resulting image is more consistent with the user’s needs
requirements. The results showed that this method had a mean F-measure of 0.87 indicating that the system
showed good performance and produced better result compared to the result of the first iteration of image retrieval
without a Relevance feedback process which meets the objectives of this study.

Keywork: Content-Based Images Retrieval, Relevance Feedback, Genetic Algorithm.
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wolwlddszansmwaanarndusiwanann G'fiommmm;ﬂvlﬁ 2 dszian @a 1) szuumIduABzlAINIINTRAY
(Text-Based Image Retrieval System) S'fiaﬁa'mﬂumﬂﬁmmu@gaLﬁwlumiﬁuﬁugﬂmwmngmﬁaga Q’L‘ﬁﬁ]ﬂ’ﬁﬁﬁ
fAny (Keyword) %38 Taa21u (Text) lumaduduznin Sadrsdanisldau udddgldrasaudasnmaiiondoya
sUnwda fﬁQ"Lfl,wia:ﬂu"l,livl,@"’l,ﬁal”amwﬁ'lﬂuﬁaﬁﬂmuLﬁmﬁu sz liszuumIdudulniwandaana
nsansastUSouisuldonn fs'({lNasl%“'[ﬁwaé'wfmmﬁﬁuﬁmj”aHaﬁ"[&igﬂﬁm wanaNinTTLTE NN N
sz IuTaya duymndudon me:ﬁaﬂfﬂ%ﬂ{wmﬂsqﬂﬂmmua:nmLﬂu'cﬁ'lmumﬂﬁm%'ugﬂmw
vanualugiudays adasnisusnngy uazladafuisysznay Tasawizidodmualiddiivinidlumsla
fafunuUsenaunaoakeain liAnANNRAINRAIBVBIANNANNE ﬁaLLﬁdszﬂugﬂmwﬁagluﬂsqimﬁmﬁ'u
wWIEnTu3 nmstindevasudazauana imdaunu Favzdanasanansauaunwlassanle 2) ssuumIdun
gﬂmwmmﬁammaagﬂmw (Content-Based Images Retrieval System) ’?'ﬁ'miﬁuﬁugﬂmw ﬁﬁnﬁammaagﬂmw
&lﬁ%Lﬂiﬂ:ﬁ&l’]ﬂﬂ’j’lﬁ'aQaLﬁJ@]’l (Meta Data) \3% §19an Win ‘ﬁ%aﬁﬂa%mﬂﬁLﬁﬂaiaaﬁ'ugﬂnﬂw Zadnin “ilawn
luu’%uwf:a'lminm_iaﬂﬁiuvlﬁ 3 Uszinn Ae lanFenud (Spatial Content) w“msmmnmss:q@i’]Lmuwaoi’@q
INAWATMNA LHarFeanunany (Semantic Content) WAFANIINMTANABAANUAINSTBINW U Lita1
aanmé'ﬂHmzs:@”U@‘iﬂ (Low-Level Feature Content) #a13am191n & 31474 Wi tdwaen Tawwdsiud (Spatial
Domain) uaz lawawdsnud (Frequency Domain ) mﬂmiﬁnLf’fammmg'ﬂmwmlﬂumzmumiﬁuﬁugﬂmw
M IAEIN1T0809831N A28 952 VLA WA NTBAMNRI bo mezixuumiﬁuﬁugﬂmwmnLf':ammad;sﬂmwmmlﬁ
MIsarneTRad sanalwlanasnEn L e LLazmmwmwﬁmmwaq;fl%mﬂ"fu %aszuumiﬁ’uﬁugﬂmwmﬂ
Lfraﬁwmulmga:@‘hLﬁumsuuﬁugmmauﬁamﬁﬂﬁuwmwnqmé’nwmzszﬁuﬁﬁ lagondumnadia ta3asio uas
sane3tufitunna6ns g 1 aid 390 3UMUY MIUTzaRARTY YN LazM TN AUdIDAaNNLaaT
(Juan

@”aifmm?ﬁ'ﬂf:ﬁa34;3LﬁuﬁﬂmLamzs:uumiﬁuﬁugﬂmwmmﬁamﬁaﬂqmﬁ'ﬂwm:s:ﬁm‘iﬁ'suﬁ'umiﬂ%'uﬂ;a
ﬂﬁa@‘iflmwéﬁumwm’ﬁ'mw"’uﬂauné’uhﬂlfmzu@aw’ﬁaw”ugﬂﬁm'mﬁ'ﬁﬁmﬂmua%gmﬁ%*n ‘[@miﬁnaqnfmsﬁuﬁu
fiazenatny nanda glirzydaanudumaiogdnin wonannit mdsaraseumaszilunadnslanlwyldiau
Mulunsisanildsnmwessamuenadasmniald lasszuuazeygnalddldmanindaifangdnmnnaang
fA39LANNGBINTIIWIN 5 mmﬁaﬂauné’m*’ﬁn;ﬁ:uu LLa:ﬁﬂvlﬁﬂfmJEaLﬁaaﬁ”ﬂd@“‘*ﬁﬁ“ﬂadgﬂmw’lmi@‘ﬁUmﬂﬁﬂ
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maw“'umauu”ﬁaw”ugmm H. Takagi, S.-B. Cho, and T. Noda (1999) [1] H. Takagi (2001) [2] M. Arevalillo-Herraez

(2011) [3] FWAVITMTLUILATINEN é’n%%’uﬁuﬁulmmuﬂdw:?ﬁ'uﬂgﬂmwﬁﬂﬁwﬂﬁ'u LRZATNAINANNUADINIT

289 ;Q’L‘*ﬁmnﬁqﬂ NI

2. Januszaed

WWanaraUUszANTAWYe9 nEwmMIdIudsdadinnue ganuneInudannaule sfl‘ﬁm“’umam%aw”ugmm

' v A a o o v A & { o £
i’n\lﬂ‘in‘ﬁ‘ﬂ’m,ul,‘]_lai{%ﬂLﬁ§ﬂﬁﬂ%iuﬂﬂiﬂuﬂu3ﬂﬂ1W%ﬂﬂLua‘m&ladgﬂnﬂwﬁwwuﬂ"uu

3. 2511 HwN13I9Y

nwitsilanunugdnwiielfidugudayagdnmwlummenss lasanastlnaagdnwanivlod cs 2238

Project: Color Edge Detection Examples 31%3% 500 NN udsaanidn 5 ﬂ@:&l LRAIAIANTIN 1

A19199 1 Mm@ﬂgmaagﬂmw

=h.

nax %lamjad FT1HINATIN
1 ADNNWAL 100
2 E\ig 100
3 MU 100
4 e 100
5 laluians 100

@iam;d”’“sﬁ?‘w‘hLﬁumimw”umauﬁaaﬂLmuvl,i’ﬁm%‘umiﬂ%'uﬂ;aﬁa@‘hmwﬁaﬂmnmﬁmw”uﬂauné’ﬂml’ﬁ

o
o

—
Images Database

(

\

Feature Extraction |

“um]am%aw”uqﬂﬁmfaMﬁ'ﬁﬁmsmma%gmLﬁi‘ﬂéﬁ%%’un'ﬁﬁuﬁugﬂmwmrwLﬁam@”m,l,amd‘amwﬁ 1

Feature of

Feature Or
Images

Image for

Quet

——

AINN 1 miﬂfuﬂgoﬂﬁaﬁﬂmuﬁwmwLﬁmﬁ'uﬂauné'ﬂﬂsﬂ‘*ﬁ‘ﬂ"u@]am%aw"’ugﬂiim'awﬁ'u%‘ﬁ'mil,uwa%gﬂLﬁ‘?ﬂ

Indexing

-

l Feature of Query

Indexed Library

Feature of Images l

Similarity measure

+

Re-rank Results

—
New Query (

T

Mutation

Images Retrieval

= —/

II Relevance

Feedback

Res
|
NS |

User Evaluate

Relevance Images

Crossover

Selection

Fitness Function

Initialization

\ Genetic Algorithm /
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NN 1 sansoutimsiiiuewld 4 Tuaan el

1. mgumaumia%fwgﬂwﬁagaﬁaLmugﬂmw (Indexed Library) muﬁﬁ'&ﬁl‘ﬁ?'ﬁ'msm@“ﬁLmug'ﬂmwmﬂ
qmé’nwmm:é’m‘iw (Low-Level Feature) 5 an i e it engalaunsuannszuud Hsv (HSV Histogram) Liang B.,
et al (2012) [4] Huayoung L., et al. (2004) [5] Marchal J., et al. (2006) [6] Wang R., et al. (2001) [7] FAERTNNUT
80l uNGvaIF (Color Auto Correlogram) Haas M., et al. (2005) [8], Munesawang, P., et al (2005) [9], Mironica, .,
lonescu, B. and Vertan, C (2012) [10], Hopfgartner, F., et al (2007) [11] 1@ 1un%in13iadanlvesd (Color
Moment) Moshfeghi, Y. and Jose, J. M (2013) [12], Zhang, H., Kankanhalli, A. and Smoliar, S. W (1993) [13]
@hﬁ'&lﬂizﬁﬂﬁiama@l (Wavelet Transform) Shahraray B (1995) [14], Hampapur A., et al (1996) [15] LazUaUNINW
(Edge) Kasturi, R. and Jain R (1991) [16] LﬁiaafnLﬂuﬁumuﬁmﬂqmﬁ'ﬂwmzém%ﬂﬂumsﬁuﬁmaagﬂmwh
uToua LLazgﬂmwﬁ'Waaumu

2. mgumaumadmsﬁuﬁugﬂmw (Images Retrieval) Lﬂumgumaumaamiﬁuﬁugﬂmwmrﬂ,mzuu wagani e
Fof1 AWM IELARNTIINTRABURA 1 UdD ﬁ]zﬁwm‘sﬁuﬁugﬂmwuuﬁugmmadmsm%‘ﬂmﬁwimmﬁﬂ
ANNATUARY (Similarity measurement) YBIAILNUWATHA AN BTAZVBINIW %ufluqmé’nwm:mww:ﬁaﬁ’mm
gﬂmwlwngumuﬁ 1 uazzUnwdiny (Query) lasnisiaauad1uafi@asds Euclidean Distance FegaIn
fwanszpznsldanaumsi 1

)
.l
. _ n 2 2
D'S(Qu,y)":(i,n)‘[Zi=0|Qx'Fi| +|Qy'Fj| ] (1)
laofl x uaz y unnineTuasgmansmiz (feature vector) waz n (ufidvasiniaas

vié’aa’mLﬂ%'ﬂmﬁﬂumwﬂé’mﬂﬁaLLﬁwzﬁﬁgﬂmwwaé'wﬁu'ﬁﬁ'@Smém”umaammﬂﬁmﬂﬁamnmﬂ'lﬂm
wauda 11
3. TuaawnstananulNeInkaaunal (Relevance Feedback) Lﬂum”mauﬁ“ﬁ';ﬂlﬁ@’lﬁi:uuﬂ{uﬂgﬁaﬁﬂmu
A o o egaa o X o o ed A Y ° a & A A
Lwai%’”l@waawmummgﬂmumﬂmu I@m:mlmgﬂmwNaawwmmmaammmmLﬂi'}:% I@maaﬂgﬂmww
\Dunaawslu 5 Sauusniviu eihandenziuazlivdnussild seununuszuudness lasdudisgiui
v AV o o v A & AN @ o A
gﬂm‘wNaawm"l,m:mmmmm@aamiﬂuaarﬁ’tmwwmnmu LLazgﬁme"nvlummmmmmaamsuaﬂm F9lu
unu’“si’yﬁ;ﬁﬁ‘ﬁLﬁaﬂlﬁﬁ'ﬁ'mw”umam%ow”uqmimf'aMﬁ'ﬁ"?%ﬂ']ﬁmmai‘gm%%w WarRN lamalumsdiaaunanin
ﬂ'ﬁ’l,ﬁﬁﬁﬂw%%ﬂ'ﬁm”u@am%aw”m;nssmmuLﬁu lasfauaan aiseluh
3.1 mIasUszansvasiaausuan (Initialization) 1unszuiumsvesmsmuualszmnsvadiniaes
wwswﬁmaﬂuﬂ%mﬂg@ %w:gmﬁaﬂmimg’bﬁswu %aﬁmsmmngﬂmwNaé“wﬁmmmsﬁ”uﬁulmaumﬂ LEA9
AININN 2
3.2 nstszduaAeiswantuniacaunisiininsvadnniaasiiving TaslulosvaslszanIminue
A x> i A ' ' A
arpniaziiudlaiuaWaridu (Fitness value) mamawmnﬂmmwaaiaﬂwalunwsagsa@maaLma:ﬂs:mns &9
a U U L Qo 1 1 = 1 l& o v {
ﬂmﬂLLmazlmwmiLﬂmmﬂLﬂumaa@ﬂ'lﬂ'swuuwazLﬂuiuﬂWiagia@maaﬂiw’msmmminmmm‘l@mnawmsﬁ
2 LEAIAIANTIN 2

fx;)

fitness (I) = (2)

i1 fx)
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A15197 2 @Taazi'miﬂﬂuisnwaoiﬂmwwaé‘wfﬁgmﬁaﬂ LAZFNWI AN N AL UEWI ST UL

Mn--“ﬂﬂﬂ
0.71 0.50 0.13 0.37 0.41 0.60 0.25 0.22

0.20 0.10 0.77 0.54 0.55 0.61 0.40 0.37 0.42 0.26

0.25 0.15 0.24 0.47 0.20 0.89 0.24 0.51 0.45 0.20

0.77 0.50 0.61 0.63 0.72 0.48 0.34 0.56 0.12 0.32

[ . o ° A o '
3.3 m3AaLian (Selection) Lunszurumslumsaaassinaay Telasiulanladdranumnuizauluns
' = A o \ A A . . @ o o & &V '
ageagy fazgnifenlvidungudszmininilemaegsealuiunald lunaassiudy laslulouuuilimaninag
@ o Ao o AN o oa aa o A o A
soaaunaoidudszmnsluudalyled lasawisvatiuilaifenitnisaaidenuuuisdaiiusme (Roulette wheel
. A A o A P o &
selection) s udutaTasialunmsaaion lasfivuaan gk

o

3.3.1 AR UaNIRTUNITINNIRERNANND 92 LANRANT A9

q1 =022 q2=048
q3=0.68 g4 =1.00

¥ { o 09/’ v o ' ! ' v a a g
3.3.2 %Hu’l{lﬂﬂLﬁﬂ{mﬁﬂﬁﬂu’lu 4 a3 Imsl,“maﬂmmm‘sgum‘i:mw [0,1] ‘ﬂ:vLﬂNﬂﬂWﬁb‘@\‘]u

1=0.3278 2 =0.7582
3 =0.5321 4 =0.8832

a

3.3.3 ﬂ@]LaaniﬂﬂﬂfmmaamnmmdaammmsJ 3%

Clyey = q1(0.22) < 0.3278 < q2(0.48)
= g2 (0.48)

C2,0y = 93(0.68) < 0.7582 < q4(1.00)
= q4(1.00)

C3,., = q2(0.48) < 05321 < q3(0.68)
= 3(0.68)

Cdpew = 3(0.68) < 0.8832 < q4(1.00)
= q4(1.00)

A o a o A = A v > 'Y ~
Luaﬂ’]l,uuﬂfliﬂﬂLaaﬂLaiﬁ]auﬁ]va@] ﬂi:‘ﬁﬂﬂi?%ﬂﬂvlﬂ LRAIAINITINN 3
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3197 3 Iﬂﬂuhwaagﬂmwﬁgmﬁaﬂ
a1 | e | x| s | x| xe | x| xe | o | x0 |mmess
0.82 0.20 0.10 077 0.54 0.55 0.61 0.40 0.37 0.42 0.26

0.75 0.77 0.50 0.61 0.63 0.72 0.48 0.34 0.56 0.12 0.32

0.10 0.25 0.15 0.34 0.47 0.20 0.89 0.24 0.51 0.45 0.20

4new 0.75 0.77 0.50 0.61 0.65 0.72 0.48 0.34 0.56 0.12 0.32

3.3.4 MIRAUAUNUE (Crossover) mmé’umﬂﬁuﬁazﬁwam%n’uaaﬂi:mﬂsﬁmumiﬁ'@Lﬁaﬂml,‘flu@; 9
LLazﬁmu@sLﬁLfluam%ﬂjuwaﬁ'ul,l,xi (Parent Individual) mﬂifuﬁwmmaﬂLﬂﬁﬂuﬁmzmﬁmmﬁﬂquaﬁuLl,;i'«a:fn
IWifiaiduingn (Offspring Individuals) &84612 am’?jnjuff%gﬂﬁﬁ"lﬂLﬂuam%ﬂmaqﬂizmnﬁ;uﬁm‘lﬂ mIguiAen
sunEnjunanuauEnIuLluiNIEA LD ﬂﬁ'uﬁffazgﬂﬁmumiﬂﬂm'mma:l,ﬂusl,umsaé'ua’mw”uﬁ (Crossover
Probability) 9 Yang, X. S (2008) [17] Laua'jwmiﬁmu@lﬁayji:mw 0.7 i3 1.0 inzanuazidulunszau
mmw"’u'grf:ﬁwa@iaﬁhﬁmau LT ﬁ'mu@]mmmmﬁlzl,flulumiaﬁumﬂW“'Wufﬁ 0.8 mnmejuvl,@i” 0.7 azdinsaauans
Wug 'l,uﬂ'lmiaﬁ'uﬁ'mﬁ’whf«iuﬁ@i'lmnﬂ’h 0.8 NMIRALAN ﬂﬁ'unfﬁ]:vl,mﬁwfu I@ﬂmuﬁﬁ‘fmﬁuﬁ;f SURAUAT WA
SMIUMIEIUMDWUT Tieait

3.3.4.1 ﬁmu@mqumauﬂu‘lumiaﬁumﬂwﬁf Pc= 0.8

3.3.4.2 guianlaslulaufivzaduauwid C2new , C3new UAAIGIANTIIN 4

= P ) o &
A15191 4 laslulounazaausn BWUD

e | e el s e | o e | o o e
0.75 077 0.50 0.61 0.63 0.72 0.48 0.34 0.56 .12 0.52

Lo | o | e s e | o e | o | o e
0.10 0.25 0.15 0.24 0.47 0.20 0.89 0.24 0.51 0.45 0.20

3.34.3 gudrlunssumewusivnunniululasiulew [0,1] uaaiain13199 5
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A15191N 5 ﬁmum‘hmeslumiqimhLﬁaﬁwmsaé‘ummﬁ‘uf

--uuu--un-
0.63 0.72 0. 0.3

0.75 0.7 0.6
nﬁnnnu-nnm

o o & a v ' & ' v & o A o o &
3.344 ﬂ’]iﬁm_lﬁ’mwu‘q (CrOSSOVGr) LSJavl,@]@l’leudﬂ’m?luﬂEmﬂau%u’lﬂﬁ]:ﬂﬁmuﬂ’liaauE"(’IFJWWQ

o A
LRAIAIAITNN 6

~ o o ¢
M13791N 6 ﬂﬁiﬁﬂ‘].lﬁ']?.lwuﬁq

| oo el s | e e | o | e

I I P P I I P

o 6 . A a ;3 o o o 6 o v A
335 n1InatuWug (Mutation) ilunszuiun1Iniiedunainizuaunssauaawug azviininn
; . . - . (a0 . ¥
wasuulasdnsdusassundnvasngudszng Walwsundnveangudszmnifianunanuansuniu uns
A a a A ' o . & fa & o aA & & Y '
wanildouiunslusaninnialaslulowud szdrvimuazldifedunusndnnnualasiuegivanuinazdu
. 4 . . v
(Mutation Probability) €09 Pongcharoen, P., et al (2002) [18] Laua’nmii}zﬂ’muﬂl%agiz‘m’]d 0.02 919 0.18 LT
' o eXa P o f o & L AN o o @ ' 2 a
anuhandulumanaowuifinadadidiaen 1w 0.01 asuu drguildazdasioandt 0.01 Jsazfannas
wuﬁ: T3NuIeRzTIUA U A9
3.35.1 fmuaanuhaziduluniananswig Pm = 0.2
3.3.5.2 guilanlaslulaufieznauwug C1,,, W&AIAIATIN 7

'
a

A15191 7 IﬂiI&lI‘ﬁ&l‘ﬂﬂmﬁﬂﬂ

3.3.5.3 %161 Min, Max maoﬁumﬂlﬂﬂﬂuiwﬁgﬂLﬁan [0.10, 0.82]

3.354 ﬁjmi’mmumﬁlxl,f]u’luﬂﬁnmﬂwuuﬁ:'lﬁﬁ’uﬁunﬂé‘ﬂuiﬂﬂuiw LEAINIANITNN 8
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]
=

dl o [ a =)
13197 8 Gl’leu\‘l"Lladﬂun’ml%IﬂﬁI&lI‘Ii%J‘ﬂgmﬂﬂﬂ

""\.\ ’.--...

Mgy 050 te 15 ) 08 s (010 )

0.82 O%g 0.10 0.77 0.5 0.5 0.6 0.4

3355 gudnmInasWusliiunaznaewiugazning [0.10, 0.82] 16 x2 = 0.55 , x5 = 0.28 UAA4

a
AUAITNN 9

~ o o &
A15191 9 laslulaunasnisnanawns

e o e e Lo | e e | o [mres

s

3.3.6 miﬁ‘i'@LﬁuIﬂiIuTmumaaauﬁﬁniugn ﬁé'aa'mﬁ']miaé'umﬂw”uf LL@:ﬂﬁﬂﬂW”%ﬁLLﬁ’JQ""Jﬁ?’ﬂﬁ'n,m@h

9

Aavuawaridu wriuiaridu Min() ufrdaiiandndalaumaiituniasgaundanuidulasluslaougn usasds

A9 10

a3197 10 mysafinlaslulougn

9
ot | a Lz e | e | s | s || e | o a0 e

337 an}m‘hl,mml,ﬁaaé'uﬁ Lfluni:mum‘ruaaLuLuaggmﬁ‘?ﬁ (Neighborhood Search: NS) lagaziin
laslulaufiduduaaui 3.3.6 Mvhnsguduniifidasmasaun sndradnagunmssilasiulaui 2new,, gy
o ' A o o Ao oA v A o o« o ' )
Widunia iNarinIsauiidwmibingldfa Bu x5 uazyimassudunialunsdie azldlasluslaw 2newys
uazasu lUnmspnazlalaslaslaon 2newysy LRAIAIANTIIN 11

= o o . =
A139N 11 FRUALLAWIVDILW X5

S P I I P O I I I

Znew 0.10 0.25 0.50 0.47 0.6e1 0.20 0.48 0.24 0.51 0.12

0.10 E§25 0.50 0.61 0.20 0.47 0.48 0.24 0.51 0.12
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3.3.8 #aIIINGEAUNNTINTUAAWN 3.3.7 a‘”‘iﬁ'ﬂﬁlzﬁﬂmiﬁwmmm@hﬂmuaﬁaﬁ"fu WAL NTIWIN T

Min () tNeshaiismIaaiandandngszuuiadiiiunmduauglnnanais

& A . . I & A o X ¥ o
4. YUaaWNINAFUUTLLTUNE (Testing and Evolution) L UTUNDWYDINIINAFOUTSUUNWAIWIUB LRI

v ed) v a a a % A A a o 1Y A
Naa’wﬁ“/lvl,mﬂ‘]_]i:l,&lu‘ﬂizaﬂﬁﬂﬁwﬂadizﬂu@’lﬂﬂ%i&lﬂﬂu (Reca”) Tdﬂ’]u’)fﬂﬂﬁ]’mﬁ&lﬂ’ﬁ‘ﬂ 3

recall= x 100%

NC Nm
losfl N, da $wwvesgdnwiiieadasudigndudu
A o A A o W v A
N, fa $wiuzesgdniniiieadaud ligneaudn

uaz AANNLNBEN (Precision) duwiasldanaunisi 4

precision= x 100%

Nc Nf

A ° a4 o > v A
I@]EI‘Y] N 3] mmmaogﬂmwwmmmammgﬂﬂuﬂu

[

A
f
N, @

o P\ Y . v A
3] ﬁ]’]u')u"llﬂﬂgﬂﬂ']w‘ﬂvlllLﬂﬂ']“lla\‘llals@]gﬂﬂuﬂu

WRZF1 F-measure AWK bEANNENNIIN 5

2 xPrecision xRecall
F-Measure= ———
(Precision + Recall)

4. HAN1S)Y

@)

(4)
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Abstract

Energy storage systems and technologies are getting more attention. Especially in recent years, there has been
an increasing campaign to promote the use of renewable or clean energy. Today, the amount of renewable energy
consumption continues to increase sequentially. Most renewable energy sources occur naturally. Therefore, there
are variations and changes all the time. Knowledge in the field of steadily acquired energy storage has become
essential. To achieve a balance of utilization and allow effective management in addition to the use of energy
storage technology to improve stability and reduce the problem of energy instability from renewable energy sources.

The technology also reduces congestion in power distribution systems during times of high-power demand. It can
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also reduce the time and cost of construction of transmission lines. Although today the technology of energy storage
systems has been developed and advanced much from the original. But some technologies are still in the research
and development stage and not worth the investment. In the future, if such technology is developed and widely
used, it will provide a more stable overview of the system and lower operating costs. In this academic article,
we will discuss different types of energy storage technologies. Implementation and benefits the growing demand
and today's technology.

Keywords: Energy storage, storage systems, renewable energy, clean energy
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Y A Y a Py ' v A o ' ° a <
10113 (Over load) TvazasrvanuFarelinuszuuaeds lasnsuiwioaatymiasnanenanszilelasdaas
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izuuazauw§ddﬁuﬁﬂuv{uﬁﬁmmzauluu‘%nmﬁsl.ﬂa’ﬁ'u*’gwnuﬁaﬁﬂ?mmmﬂﬂﬂﬁwﬁg& laua39ssuuanu&EIan
qaa:%iws:uua:auwﬁ'&muﬁuvﬁuﬁﬂmmal Tagszuuainanazang i lugrefdnsleinitnduswanann
M%aLﬁ(ﬂﬂ’l’]ﬂJﬁ&dﬂ’]ﬂWWﬂLﬁ@l‘f‘fugdqﬂ IABAANIXIBITTLLMBEIRAN T MaINa wazaarunaifindym
nazuglwiauninildeonuuuienilussuumesonan

Y g A & a 'Y

4. anufaImsniinannzadnaluladnsacaanadin

anudaimildinaluladlunsszaundsnuutiseanids 2 ngu nguuinfe dwiunsldlslosiannasiu
wyw I niuizasfa dmivszuulasitneWingsaio: (Smart Grid) luewiaa lasutsaanidu 2 Uszinn fe
JLUUTaNAaaa§d (On-grid) Uaz Ysuudase (Off-grid)

o o A ' = A o A A o ¥ @ a

fmivluszvuifendemosideluszuomanda i ludeiuldadnmaiusadiusasnslandinunywion
l&/ 1 =) o L dl U 1 L = = 1 QI J v
Junnniudu lapmaslwinlannundmssnunywdvuiianslisinase Tussamaninuiadauunas

AfiMA TIFINANTENUABNTAILANLAZUIANITIAMTTRULNAR WA %an tnalula ﬁlunﬁsamuwﬁamﬂugﬂ U

q

e

' =2

a9 9 SedanuimaniinadredslunstisaSuussuasiivunsinasuimsoniaimuaiosmuldnuszuunge
e
lunsdlszuuBaszniausnianl fadagdenasnunazdaslidasauganuignazauonld winszuuazay
WRITNW BN RINITANNLAUNRIN U T EALNEINe an3asdadaanwuuldzuuauisaltwassuaInuraIdngnn
U 1 [l < Q/ 1 =Y Q/ a A
naunwule snlugazduszuyWianwasnunauny 1w szuuadalWdanwasnuuasaniag Geazazan
Wasw I nNINEa U R I el alananw mﬂvl,vxlﬂﬂmwuamuwé’umugﬂl%uﬂm TLUUNRG WA
NI RaNALYININ LN A la s T oI WEINURRIEY 1T% LaTaIR LR RN UALTS LTWAEINWILTZUY
o o o 2 o v & [ ' A [
2ANINRI9 1B ULAZa1A1S (Energy Management Systems) G982 e AT NADIZ UL R RUNII LT LA INT
TauTruUTNE N I TNRITUNRNRA LA NURFINRANR I UV I keI Lo WA IR NI uuIIaIn
ﬁ]:gﬂl,ﬁuazauvl’?ﬂ‘ai:uua:auwﬁiﬁmuﬂ'auﬁa:gﬂﬁﬁmiifamamm:amm:mm‘hLﬂuﬁaa:ﬁ'm]”'m'lﬂs:ummda
Tauaaluaia
A ' o a . o a <& ' '
laslunsdivasszuvlassnelWindaaio: (Smart Grid) szuuazauwasnuwazgndand liluaasdin sruuinaz
Gaaslidsanftlnin (Substation) 1a1gndn drufisesdaaslidskialWinlasdrsduluiuszuulasaelwi
saasue layszuuazaunasnnaztiulwnisusrisaamawazmysedng Iidulde enefiUszansaiw lagn1sms
1 ) dld v v d o 1 dld U
sanszradmpailutnienudainmivegligige mmamvl,@ﬂ@yﬂﬁﬂi:ﬂﬂﬁﬂummummmaamﬂ‘ﬁ“’[ﬂﬂw
agll'sl,mm”uﬁmazajmLﬂfﬁ;ji:uuiuﬁadﬁﬁmwﬁaqmigq msﬁmlﬁqmmwmaﬂwﬁwﬁaﬁﬂ;j@’l‘ﬁﬁqmmwiajdw:
= o Ad A A a a a o o A a & A
WJuwssanWiaaasuazanudnidisnudasdainmadiosnudasdsnamsitanuaiuainuaaimsniiudunse
& 4 . o a A A A 3 A A I\ o = ° A o
ARSI IUNUA NI ﬂlmzuuum’mLﬁmmua:ﬂi:awﬁmwgamulunsmwszuumﬂmwmum;m'm:miwmuﬂ"l,@
' @ A A & [ { < '
aammuLmvl,’j"l,umammmamsgaq@ FININTNITAAAITLUURLRNNRIINTUNT ARV FUNATRINITOTIY
N300 I UURNE I LA D198 N3T8lRsruuauEIdnNuLED uslunIHNVaIN1TINENTTLE bR b 69
& 4 = A ' \ & A A a A « A o A & A A A
NWNVUIALENRT 09I IR LT AN TITTeUUNEa IR IUIaLENNLAT IR RA R DaL WRIALTANS D
> 1 td v Q v v L 1 v a
WAINURY WU 9 smmaamm:amumm@aamsﬂuaaa“’lm FLUURERNINAINWENI T IRz uunEa TR
a a & Ao o o o o ' o ° o
flenuiafissnndu ussiddyszuuazaansinudinlfiduundindsnuiraseasszuuamuguuazszuuain

' dd‘ a a A a ‘&/ a 1 o
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5. walwladnsazaanasonlnogin
izuuazauwé’amﬂﬁgnﬁmﬁmmzaammuml"ﬁmu%mmﬂs:mwiuﬂm}ﬁ'u sﬁqﬁuagﬁugﬂuuwaamiazau

was9m lapnaludruunaiwdszinnedis g lemarogUuuy Ao wouLBIna (Mechanical) wuu'lWiiadl

(Electrochemical) wuuLail (Chemical) wuulWsin (Electrical) uay LLmJa:au’lugﬂwé‘amummé‘”ﬂu (Thermal energy

storage)
Electrical energy storage systems
Mechanical Electrochemical Electrical
| IS Secondary batteries Double-layer
Pumped hydro - PHS Lead acid / NiCd / NiMh / Li / NaS Capacitor - DLC
: Flow batteries Superconducting
@ Compressed air - CAES Redox flow / Hybrid flow magnetic coil - SMES
il = .
Flywheel - FES Chemical Thermal
Hydrogen Sensible heat storage
Electrolyser / Fuel cell / SNG Molten salt / A-CAES

31N 2 unwmwmsiuuninaluladnsazaunaanuludagdi (Fraunhofer, ISE)

5.1 wuuULBIna (Mechanical) msamuwé’muuuuL%oﬂaLﬂugﬂLmuﬁd’]ﬂ@iamiv‘hmmﬁﬂaﬁq@ Taounidu
MIRE AWM WIUIUNAIUANE LT s:uuwﬁm"lﬂﬂwwé’aﬁwuuuguné’u (Pumped Hydro Storage, PHS) 32UU
amuwé’amuiugﬂ 81N"Aaa (Compressed Air Energy Storage, CAES) LAt JSUURSANNAIINUIAUATILUTI
(Flywheel Energy Storage, FES)

5.1.1 3:uua:aﬂﬂﬁ’1mnw§'aﬁ'1Lmuguné'u (Pumped Hydro Storage, PHS) ﬁaqu”ugn@@@%vlﬂl,l,ﬁaﬂiw
120 GW Tagsiuiwindasiudszansiosas 3 vasissmindalwiilan ssuudsnansuiuiezdasldund i
aa\‘lmecidﬁﬁi:ﬁummgwmﬁ'u Lﬁaﬁazguﬁwmmmdqﬁwﬁagimzﬁuﬁ@iﬂiﬂLﬁulmmdn{wﬁaQlus:d’uﬁgm’jﬂ
Tugrsimslenasnulwinifeduias nialugis Oft-peak v\é’dmﬂffw,ﬁ"ammﬁmmiwéﬁmu"LWﬁWLﬁugoifu %39

14539 On-peak ﬁﬂﬁgﬂguifuvlﬂLﬁmmvﬁﬁa:gﬂﬂdaﬂi%”'[ﬂaﬂﬁ'ummmuﬁ'\aﬁuﬁwLﬁamﬁmﬂs:LLaTWﬂﬁﬂaumﬁg
':T:UU@TG;S?J“?'II 3 T. Fujihara, et al. 1998 [2] ; Civil Engineering. 1985 [3]

5.1.2 s:uuamuwéﬁmu’tugﬂmmaé’m (Compressed Air Energy Storage, CAES) J2ULAZAUNAIN LN
Eﬂmmﬂé’@L’%'uLﬂuﬁiﬁ)”nﬁ'um@zuwiﬂmﬁwﬁ 19 lagazgniivliluzlresenada Suanmsldlninley
mi?]'umfé‘aum’%aaé'ﬂmmmﬁammmﬂmaﬁugavlﬂLﬁuvb”ﬂ'ﬂmaa%ﬂﬁﬁw%aﬁhé’@mmﬂ%aa%wvl,‘s”uuﬁruﬁu
waziflafiannudasniswasouwlnihfazdhonmeanisa llesnuusunufmosssumad nounazasluwmn lndlvife
msgnseuiath lUTuiiruioussnianszualWihdell Todaasszuuasnanfaeszuusansanniivaimesa
I&unn sudaifuiaa Mydadiuamasadls: ansainduazdasiialuesasiuidamsuldlunsieag

a93LN 4
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31N 3 szuuazaﬂﬂﬁnmnwﬁamLmuguna”u (Vattenfall, IEC MSB/EES Workshop, 2011)

5.1.3 JLUURLRUNAINUIADFDTIBUTI (Flywheel Energy Storage, FES) SR A RUNS I UV IA Y
I(ﬂmhuquumaumutwm%aﬁﬁammmﬁmﬁlayj’ wasowiazan i ludadioussazrinntinfsneseuves
quwuaaLwm‘*ﬁ'waaLﬂ"’s‘aafﬁ'ﬂw%Lﬂ%iaaﬂumﬁlﬁﬁmmmﬁuamﬁwmua Tapardaussanluuuganuionlu
mmzﬁ'mgu%w:LLiJiNVuszmaLLazfﬂﬁmamaﬁammm sunTauddaantaidu 2 Yssian enuumians eIy
%gmmmwmﬁlﬁa’ﬁwma A9 LILNHO (Vertical-axis) LazlLlNWd (Horizontal-axis) Tapnialdasndaan

’S'aqﬂsanﬂIaﬁ:ﬁﬁﬁﬁﬂﬁfﬂuﬂn @Tagﬂﬁ 5

Fuol (Natural Gas)

Compressed
Alr

\ j Salt Dome
~ Cavemn
s 4 s:uuamuwé’amﬂugﬂmmﬂé’@

‘ﬁ&l’l: Ridge Energy Storage & Grid Services L.P: http://www.ridgeenergystorage.co
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Magnetic Bearings Motor
Generator

317 5 LFAIFULUUABTIBUITINUY UIIUNUUEH (T) UASUWIUNUAI (I)

nan: http:// www.antonine-education.co.uk)

5.2 ruuazauwadinuwuuulWi1iai (Electrochemical storage systems) mmmuwé’amuiugﬂuuuﬁ ffa
MNIFENNAITUVDILLALAET (Battery) UTzinndng g s’?jaﬁmﬁwﬁﬁ'@Lﬁuwé’omﬂﬂﬁﬂﬂugﬂLﬂﬁLLazmmsmmm
wasnuadlidulwinlelasassdromsldiaadianiin (Galvanic cell) filsznaudedauainuazdiay wianniu
s3azanoLEnnlad (Electrolyte solution) nstiusssunwssswlni luwuaiaas udszafinszdenuuansrsnuly
509189 AT (AH) ANMURKILUIATEAUANANINLUNIREFUNAING (Storage density, kWh/m3) 3auEa644
Tas88u 9 159 Uszdnnan LﬁaamnﬁmigrgLﬁmzwmmiﬂszg MAAUEZAN WAzNIANEUIEY Wlasanuuaiaas
dugunialdmivazaunaanulni ﬁmmsmhﬂLLa:ﬂs:ﬁ;vLWV"\mﬂTﬁvlﬂvlﬂ“Lmi (Recharge) TAiunansnss 108
01mIlEnu uazdunu wuaaad ndmsltlwdwdiodnang flogdunumuriia fe wuaLaaITiinasianga
Lead-acid, LLU@Lma%ilumjwaaﬁmﬁa (Nickel-based), uaz uuaiaasaisonlaaan (Lithium-ion) [3] Gausdazzfia
foanidun aoil

521 WUMAESAZAANTA (Lead-acid battery) LLU@]ma’%;“ﬁﬁm:ﬁ"ﬁn‘mLfluqﬂnsﬁazauwé’amﬂﬂﬂﬁmaLﬂﬁ
Uszianusn g ﬁugwﬁﬂs:ﬁwﬁifuua:{i'dﬁmﬂ%muﬁ'uag;aziNLLwimwsLuﬂm;u“u iasnnddunuluniaiu
wﬁ'amugﬂn'jﬂﬂnﬁ@fé"w] LL‘.LI@’IL@la%@lzﬁ;’mi@]ﬂitﬂaﬂﬁ'ﬁEl°l|$’Ji_I’JﬂLLﬂ$°l|$’Ja‘.U’J’Nﬁﬁuﬁu@:uﬂgjluaLﬁﬂIﬂﬂﬂﬁﬁﬁ’l’iﬂﬂ
fIzaIENIAgan3n SLﬁnImmz'aam:a%’m%ummnmﬁ'ﬁu’%qwﬂummxﬁmg’amrma%"’mmnmuwamam:ﬁ'ﬁua:
azindasoanlad Iﬂﬂiumm:ﬁmaﬁmﬂﬂszﬁﬂﬁnsuLa"LWWmaﬂmifu 9XAANTBINLNIINTIALITUANAD
Lfluvl,aaauﬁﬁﬂs:ﬁ;mmﬁ’ﬂﬂayﬂufﬁLﬁﬂIﬂivlaﬁLLaxﬁaSLﬁnmaulﬁ"Lmaang}hwsﬁﬂ'}m@iamuuaﬂ

110 JEET 2022; 9(1)



malwladnIazaanNaINUIINNAINT WL 8% snga thuvdy

http://jeet.siamtechu.net UNANAITINTT
Positive termmnal Neganve terminal

vent caps

Electrolyte solution

(dilute sulfuric acid)
Cell connectors
W Protective Casing

Positive electrode

(lead dioxide) /

,h
WM Cell divider
Negative electrode _NL 2

(lead)

sun 6 1a3989VBILTAULAZAI-NTA

TafvasnuanedTianziansanae ﬁmgﬂﬂdmmma%ﬁ@é"u RUNTONAR bFINE NUNU LazAIANEY
132928902104 (Self-discharge) %oy dudasasiaa ﬁﬁmﬁfﬂmmﬁmﬁsuﬁummwaawé’aom uasfiaziauaz
nyausudszneunandadufindafsuiadan VDE - ETG Energy Storage Task Force. (2008) [4]

5.2.2 LLum@]a?hmjuﬁnLﬁa (Nickel-based batteries) LLummaéiunfojuf‘:ﬁﬁﬁnq ajauritada LUALAES
shafiniia-uaaiilon  (Nickel-cadmium battery: Ni-Cd) wuaaaisiafiniia-wialalase (Nickel-metal hydride:
Ni-MH) was uuaLaassiafinifia-Sae (Nickel-zinc: Ni-zn) wuaeessusiatudmsldfnfiarinduiauanuasls
gydaninslariivhaininifialaasenlad (Nickel hydroxide) luansazanslununsdonlaasanladivasonlan
son'lae lagtaauvasuuatnaiazuandnuliausiinuasuuaiaad VDE - ETG Energy Storage Task Force.
(2008) [4] ﬁaﬁLLumm%ilumg'uﬁﬂLﬁaﬁﬁa mmin’l'ﬁmuluama:gmﬂgﬁgm%a@ﬁwﬂdwﬂﬂmﬁﬁ Faun wiuhn
WalULazEIwINIInTlunisdailazy (Charge) wazauilizy (Discharge) fgomhl,t,umma%{‘*nﬁm:ﬁ;aﬂm %
Tadaanae ﬁ‘amﬁﬁmﬁfﬂmnag fpdnamanaiauinlagianizn1siia “Memory Effect’ %aﬁmm@;mmn
AsiiananuadLaaLlsy (Cadmium needles) FaonavliAanisanasesmeluiulduasfnadals=ansnn
Sedududasdasszyliiduuazalszylvnua Sﬂﬂz\mmﬂhmm‘haga

523 wuaassaisonloaan (Li-lon battery) LLU@ma'%lﬂs:l,nwf?l,oﬁ"%'ummﬁﬂwgamniuﬁaqﬁu Taold
sivaduasddsznovidnlumania FadulansAddninun ltussaulniings ddnnnugrasmdsnmugegaide
Wisnifisutuuuaiaeilszinnaug Aintnirinu waineiaisoslessuddulsznevfisdyaadiwniion
wuamadrialy Gefide Taau 10N uszmsazaeBianingler Tasdulngdrvanaziwnanaidioulavaad
anlad (LiCo02) uaztraurinananarivaunianing saumsazansdidnInslariile 4o indedifonlums
azang@aunfin (Lithium salt in an organic solvent) Taduuaiaailszinniiiae UszdnTnnlumadszanasanugs
wmiEnLLA 2153 MEUE1IUIU NIABLIEaTaIaILed (Self-discharge) @ gudadasfine ﬁmnﬁammq
auraud bignsldnw ifemeldhomnlglignitniaiion1idaies aunnddnadeargnisldnu :an

Aaut19gs uazanafia Wniasudaldngmnndgs B. Espinar, D. Mayer. (2011) [5]
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ﬂﬁ]ﬁ;ﬁuﬁmﬁﬁ'ﬂLL&?:W”@Nmmsazauwé’omuuuﬂﬂﬂwmﬁvﬁauummaéﬂsmmﬁas] athadiaitas welid
ﬂizﬁﬂﬁmwgaifu Lﬁwﬁ'ﬂﬂnﬁwlunﬂsﬂi:ﬁgwﬁ'amu fisinminiun mqmﬂfmu‘ﬁ'muifu wszfinnudsansdoia
malgruluaninsaiiuananetis wuw uuaiaaIwle (Nano battery) InaSuuaiaas (Flow battery) uas wUALAD3
gfaloduuaaines (Sodium-Sulfur Battery: NaS) I@U‘Luﬂaﬁ;ﬂ”umw:ﬂ'\avlaiLﬂuﬁﬁwLLwimwsJamﬁmea:ﬂ'aﬁﬁm
‘ﬁILLWG?J%i wdenaaziumadenianiusaduiiunwsnasse W luamaasuwlnait
5.3 STULRZRUNSINWLULLAT (Chemical energy storage) laslufiftaziasanmslsfalalasian (Hydrogen)
WAz ANTFITNTIAFILATIEH (Synthetic Natural Gas, SNG) Iugﬂuuuwﬁ'\imuéﬁaa f@gﬂizmﬁﬁlﬁaﬁﬂwﬁw
sawAnuniamalalasiaudiunszuinnisdiininsada (Electrolysis) niansudafalalasianainineie
nszua i laglalasiauasuanuananleod uazaivawladanlsd azldlumsnfafmasssumaguansyi (SNG)
wiUssinsmwlumndasdidonSouisutumsszaunasowluuuudug 1 szuuwﬁmvlwﬁﬁwé'aﬁ'umugu
n§U Wio wuaLAa3 widaldiuIouAfamansai ldlfidundsunaunuuazdszgndlsldununelu
NAYARINNITN
5.3.1 'lalasian (Hydrogen, H,) Im'ﬁﬂﬂizuua:auwé’amulugﬂﬁ"wvlﬂmmm:ﬂszﬂau"lﬂ@i”’m SEATRY
naafnealalasian (Electrolyzer) 8317U uazimalfoiwas (Fuel cell) lagszuunaafalalasianasineulasls
ﬂ's:LLa"LWﬂwLmﬂﬁ’mﬁmLflu"laimwuﬁ'uaan%mu%aLﬂum:mummuug@mm‘?au (Endothermic process)

(%

Fududasldanuseuwsmerin e malalanauindalavzgniivliludinoldusdugs Wadasmslwihmie

'
Aa

A o & = . o & a A o Aaaa % o Y o A @ &
fndalanssesfazgnasldnaadamianerid jisondeunaulain anuiou uaznszualWin idunianued
=\ £ = ‘—‘?./ a lé o ﬂ/ dld 3 L= o 273 v &
#ANLAHANNNI T INA W8S L TaL Tl NRITIRNETUTUUNTVWIaLEN g9aurTatinmelalasiawldlsidn
& a [ 6 & A @ @ o . L2 . Aa ]
Wwarwaslwnuuaiaiie (Gas motors) %3a N9 (Gas turbine) leiguni luszuundvwialng 9 nszurums

o

Tumsinulalasuiuidurendauiduagnegs I@Ummmsmﬁﬂﬂugﬂmaammvl,@muﬁ'mﬁaamu’mmaaﬁ'al,ﬁu

2
'

muldannzusiiugiuazgmnniia lu'i'uf:mﬁﬁ‘ﬂLLa:w"'wmlui:uuﬁ‘anﬁmvlﬁgﬂw”wmashwiaLﬁao lagwuin
luuwaiﬂsaﬂﬁ%ﬂ’ﬁi‘wﬁuLmsiwé’aammuﬁﬂuﬂizauﬂ'nué']L%%Lﬂuaai’m6'\1

5.3.2 MUBITNTIARILATIZN (Synthetic Natural Gas, SNG) HINuadLaT=# (Synthetic methane) %38 e
TIWTARIATIZA (Synthetic Natural Gas, SNG) tudngduunlunmsazaunwasauluuuunuuiad FamMIFNaTK
SNG tAeduan 2 Tuaan da annnszuawmsmsugninludidninslawes (Electrolyzer) F9azifialalasian (H)
wazansuanlasan’lad (CO2) nasanniiu azpnin lvind fATonnudinu (CH4) lutaTostfnaohiusiusu
(Methanation Reactor) lagufia SNG ﬁvl,@i”mmmﬁ'mﬁu"l,ﬂuﬂ”aLLsaﬂ”mgW%alﬂumiLmvlwﬂ@ HATI NITUIRNT
naa afueulassnladimfAnduainnizuannndadie g s gnIzu IR T w e FaTo
NTTUAUMSHINGNT Satmansiusnmdsznaumsndmoaniuanlasanlodiindnannszuiunsnaauas s
TidrwAnluusiisns laglanzadnabsanlselnimadinin lsslntdanns nialsslnigdanss
WasdaluningaawnIsu

ﬁaﬁmaaLm‘[u‘[aﬁﬂvaﬂmaﬁﬁaﬁ”’m%aLwﬁaé'amezﬁﬁvlﬁﬁmm’m%“auua:m']wmLLuuga fansaasly
maﬂm\ﬂhmiaﬁwﬁﬁaﬂﬁaﬂwﬁﬂizﬁﬂﬁmw saudalFefaelszantninlunisnda SNG dautnsen doald
wasou i sulng lununszuiumanda mIsaiy wazmspuas nmwlasnuvssdszininwlunizuiums

wlaslviduwasanmdwlwWiasnin 35 wWasisue
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Photovoltaic Direct utilization (no storage step)
H, Storage Mobility
H, 4 L ECFL ) (H,-refuelling)
4 ) e f— Qe e
+ =
LY ‘ Fuel Cell Car
Wind Power | —V \— > = ' H,
.
Intermittent veore (inje- Energy(Re-
generation | pEM. Electrolyzer | o) & electrification)

4 —>

1 v :

1 CC-Turbine
Conventional Steady H,
(e.g. foss.il) eneration .

2 _ 4 . L} Industry
- S - FHy)
iR ’ 4 ‘ = N j E ' (Usage (¢} 2,
ﬁgji": ol J .‘ﬁ“u. ! oy
cO, {Methanation / CO, utilizationj  Industry

3 7 LLamgﬁJLmumﬂ:ﬁ”ﬂiﬂﬁ"ﬁﬁmﬂﬁ"’\ﬁ]j"l,aimmuua:ﬁwﬁmmaé’\‘iLﬂﬁ:ﬁ

5.4 ruURsaNWasnwLuy WA (Electrical storage systems)
5.4.1 @TaLﬁuﬂizaﬂwﬁﬁLLuuﬁﬁm'ﬁL%mﬁuaaa‘*ﬁ'u (Double-layer capacitors, DLC) é’aLﬁuﬂi:ag"l,WWW
P A Aa a ' A o = Aa a o & .
Uszdinfnwgs nienSundnadaniein aufivdsey lWiuuuifinimSosdizeslszquunaastu (electrochemical
double-layer capacitors, EDLCs) U3znaue U’S’ﬁ@;ﬁﬁgw?uﬁmﬁﬂﬁLﬂuﬁaa:auns:LLa"LWﬁwLLa:mi'éLﬁnImVLa@i‘ﬁﬁﬁ
wihfiduaidzg i Nazunsnduznusasiag WelinsdunszusiWdudr I ludafud sz I weiu
ELﬁnIm@ﬁ@iaagjiﬁ'um”m’ma:ﬁaﬁl,ﬁﬂmauﬁLf‘lum”aaumnms’éLﬁnimvla@l‘“lﬁma:aua%iuuﬁuﬁ’a dauuw’uﬁ@iaag’
o & =2 A< & A& a a A o A4 a a < & &
AutIauIzdadszauinandidnlaslarinnfiduiazesdidninie iwalduszy lWiiwuaves8idnnianiansdn
A a a o d o & A a A = o
suqa WawTouifisunuuuaiaed anfudszy Wil iniawgazddianumaunsalunmsifuazaunasann
131w (specific stored energy) fignninuuaiaas Aadszanms 10 Alaltadsi lusdadlansy Wiasdradasna
mﬂmiﬁéﬁLﬁﬂﬂixﬁﬂﬂﬁﬂﬂi:ﬁﬂﬁmw;guvl,&ivl,@ﬁf]ui'a@}ﬁmmmNﬁ@vl,wﬁwvl,ﬁmﬂué’aLaaLL@iLﬂuLﬁmqﬂmzﬁLﬁu
szanazg W lusnsfiuuaweisunsafivnasulnin ldadsdlszanm 3540 Aladadmlusdailaniu
1wnmzl,€i'mﬁ'u€hLﬁﬁﬂizﬁ;"[ﬂﬂwﬂszﬁﬂﬁmwgaaﬂﬁﬁwwé’amumww: (specific power) NigIniuUaLAaIRENIING
uwirgsmnansniaiivdsza i dssansawganauainlgladniduszaznauulaslimeudszdninan Chen,
H., Cong, T.N., Yang, W., Tan, C., Li, Y. and Ding, Y. (2009) [6]; Gache, G., How capacitors work. (2008) [7]
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5.4.2 @T’JLﬁuﬂi:quWW'nmulfammL&imﬁnmawﬁﬁﬁ 89879 (Superconducting magnetic energy storage,
sMES) iwinalulagmaiuwasnuluzinszualidhlosasluswuuiman Wadaimslawdsnuaaniniie
wasuaanuidunasnulninldlasass lasdnanmahonulumaduwdsnulugdnszualniilasasslu
FWINUNLAAN I@m\hmﬁmﬁmﬁwﬁﬁwmni’aqﬁaﬁwﬁw’m (superconductor) Wz 4U%I% (circular) 1A
nazuaWihaansnnywdsulalaslifansgydo Ui 9) lumaifivduntiesihldeglanuznsihdwia

' A a A ' P A A Y A o
lalasnisduasluldludidonmardsagluawingyaimagunnidngungd 1.8-4.2 1aadu dunfiaati

Tagnrluvinaniladay-lnmiioy msrunsswaziuluuealavasdingssna
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. ' " Power
Refrigeration Switching and
System = Conditioning
Equipment
Superconducting |
Coils

3N 9 LRAIUANMITUIaIMIAUNasulaslTamuLmanuaseatindsena
nxn: Chen, H.,Cong, T.N., Yang, W., Tan, C,, Li, Y. and Ding, Y. (2009) [8]
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ﬁﬁl%”la%:agluqm%nuﬁﬁﬁﬂ (cryogenics) Falddmiumsasantizmaininisne 15 ldannzlugronandn
ﬁmﬂ’ﬁﬁ’m%’un’nﬂ%‘uqmn1wmaoﬁ1501ﬂﬂ1 Beaudin, M., Zareipour, H., Achellenberglabe, A. and Rosehart, W.
(2010) [9]

55 szuuazaunadulugUauTau (Thermal storage systems) ilwnalulagnisiiunasnuluglaas
waswausaudadsznavludin mnﬁuﬂ’mﬁaulugﬂmaamm%auﬁ'uw”a (sensible heat) LAZNILAVANUITDY
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wasomluinsinnudasmltwasaud %%awé’amummﬁumnqﬂﬂirﬁﬁﬁﬂﬁﬁ@mw%u (thermal plant) a3
foudldmnasin lulwinaedule wetuiiudldlumsnaalWieely Jossen, A, Garche, J. and Saver, D,
U. (2004) [10] #3311 10
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3171 10 WRAINIIVINI NV BINA LU Ia NI ALNAINUANNTDULLUAMNTDUTNER
na Sioshansi, R. and Denholm, P. (2011) [11]
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AWANT NITLALWAINWN A basnseinuaNTawd U luarnarawarin lvasa sl Ruusnuwzanaasnd s bl

q U

v { Qs ~ Q’: Qq: Qs a l;’ [t a d v
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é = a dl 1 et tdl dl =3 s e = a
611011qm‘vxgwnadmsmauazmﬂmmnmmu I@]Uﬁﬁ'ﬁ‘na‘ﬂqﬂl%ﬂﬁiLﬂUWﬂdd’]ul%ﬁﬁ]?Uu fa I‘HL@]U&JVLEWI‘SFJT]VL‘BGT

| a a d ' a a = o v P
(NaOH) L%?Jx“l'ﬂ']ﬂ&lQm%ﬁ&l‘ﬂ@dﬂﬁiﬂﬂ@ﬂﬂZﬂﬁﬂﬁfgd fJargudiz@ntnisvnalanuian (Thermal conductivity

coefficient) Mtwanzan fianuasdngunglgiuazanuanladi Dincer, I. (2002) [12] udniih madanldaansild
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T.N,, Yang, W,, Tan, C., Li, Y. and Ding, Y. (2009) [8] ﬂuaf:
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(4) szuuiiuaNuIau (§nin 175 °C)
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