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This research aims to study the effect of energy and environment on welded joints of SS304 and Q245 steel of gas
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Abstract

tungsten arc welding (GTAW) using filler metal AWS A5.9: ER309L. The specimen dimension was 150 x 100 mm with a thickness
of 6 mm. The results of the experiment found that characteristics of deep penetration and melting between the weld metal and
consistent metal work and there is perfection between the weld metal and the base metal. The welding GTAW technique process
will produce an average maximum tensile strength of 463.64 MPa. The maximum hardness in the heat effected zone (HAZ SS304)
is 182 HV and the lowest hardness in the base metal zone (HAZ SS304) is 130 HV. The microstructure structures of the weld
zone consist of dendrite ferrite and austenite matrix, which resulted in the heat affected zone will have higher hardness than the
base metal. Temperature results obtained from the infrared thermometer and numerical simulation different of 5% which is an
acceptable value. The summary result, it can be concluded that the gas tungsten arc welding (GTAW) uses less energy than the
shielded metal arc welding (SMAW) due to the lower heat consumption, but produces higher quality and cleaner results.
Environmentally, GTAW welding has a lower impact than SMAW welding, particularly in terms of smoke and slag generation,
making it more environmentally friendly.
Keywords: Gas tungsten arc welding, Metallurgical, Mechanical properties, Numerical simulation
1. Introduction

Modem welding processes require a greater variety of methods to achieve the desired objectives of specific applications.
Welded construction between carbon steels and stainless steel is widely used in chemical, petroleum, natural gas, nuclear energy
and power generation sectors, and exhibits advantages, such as low cost for carbon steels and good corrosion resistance for
stainless steels [1]. Generally, welding is done using shielded metal arc welding (SMAW) welding method because it is convenient
for field work. To select the appropriate welding process for joining the two types of materials, as shown in Figure 1, gas tungsten
arc welding (GTAW), which is characterized by its high controllability and low equipment cost, is widely used for precision sheet
metal welding. Also known as tungsten inert gas (TIG) welding, it is a well-known welding technique for a wide range of materials
[2]. The gas tungsten arc welding (GTAW) is also less energy-efficient than the shielded metal arc welding (SMAW) due to its
lower heat consumption, yet it produces higher quality and cleaner results. GTAW welding has a lower environmental impact than
SMAW welding, especially in terms of fumes and slag generation, making it more environmentally friendly. However, SMAW
welding is still a widely used welding process, especially in maintenance and field applications, where it is more convenient than

GTAW welding [3].

JEET 2025; 12(2): 1-14
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Welding direction

Figure 1 The specimens of SS304 and Q245 welded by gas tungsten arc (GTAW) method

Several studies have focused on analyzing metallurgical, mechanical properties, and the thermal effects associated with welding
joints Himanshu Vashishtha studied the mechanical properties and microstructure of dissimilar welding between AISI 201 and AISI
304 for GTAW and SMAW processes [4]. The experimental results showed that at welding speeds of 2 mm/s and 2.7 mm/s, the
welds were successfully obtained via the GTAW process. In addition, in the heat affected zone, there were smaller dendritic
components obtained from the high welding speed, which resulted in an increase in the microstructure hardness and better weld
metal tensile strength for the GTAW process. Chang’ an Li studied the base metal of stainless-steel clad plates filled with carbon
steel filler metal, and the microstructures and mechanical properties of joints with diverse filler metals were analyses and compared
[5]. The results indicate that a local hardening zone (LHZ) forms in the weld filled with filler metals of stainless steel and carbon
steel because of the formation of martensite phase in the first layer of weld with filler metal of carbon steel. The results of the side
bending test indicate that the LHZ protrudes from the weld, and the crack occurs near the LHZ if the area of the LHZ on the cross
section of joint is larger than 17 % of that of the whole cross section of the joint. Mehran Ghafouria studied the welding distortions,
temperature measurement and solid-state phase transformation of ultra-high strength steel S960 [6]. The experimental results
show that the simulation predicts that the welded materials in HAZ and FZ have a bainite-martensite microstructure, in which
martensite has a smaller share than bainite. Comparison between the prediction of angular distortion caused by welding and out-
ofplane bending deformation using SSPT model shows higher accuracy level. I. Reda Ibrahim  examined the mechanical
properties in dissimilar butt joints between Ni medium manganese and nickel-chromium austenitic stainless steels processed by
GTAW [7]. The experimental results showed that the microstructure consisted of austenite and delta ferite matrix obtained by
welding dissimilar butt joints. It was also found that the weld still has a low tensile strength value at 610 MPa, which is lower than
the base metal (BM) M-Mn SS and Ni-Cr SS. The cause is due to the uneven dendritic structure of the weld zone where Cr-
carbide precipitation occurs. C-H Huang [8] investigated mechanical and corrosion properties of dissimilar welded joints between
SUS304 stainless steel and SS400 low carbon steel. The experimental results showed that the microstructure around the weld
and SUS304 showed more granular cormrosion and corrosion bumps as the immersion time increased. The samples were
immersed in sodium chloride solution for 21 days, and the EDS results showed a decrease in chromium content, which led to
increased corrosion. Mahmoud Khedr examined mechanical properties and microstructure of two joints of Medium-Mn stainless
steel with Low-and High-alloyed steel using the gas tungsten arc welding technique [9]. The microstructure in the weld zone was
found to be mainly composed of austenite matrix and a small fraction of ferite (3.5~5.7%). The tensile stress of MMn—SS/NiCr—
SS welds was higher than that of MMn—SS/LCS welds, with values of 610 and 340 MPa, respectively. Jinkamon Luijan investigated
ER308L and ER309L filler metal on dissimilar metals between carbon steel and 3CR12 feritic stainless steel using the gas tungsten
arc welding technique [10]. The results of using ER308L welding wire at 70A welding current revealed that the microstructure
consisted of delta ferrite and austenite, and when compared with 100A welding current, delta ferrite, austenite and martensite were
present. In addition, no carbide formation was found in the weld metal zone when using ER308L welding wire. The delta ferrite

content was higher than that of ER309L welding wire, and the delta ferrite content increased with increasing hardness.

JEET 2025; 12(2): 1-14
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Abdulrahaman Shuaibu Ahmad analyses the residual stress and deformation field induced by double-pass TIG welding of Al 2219

plate [11]. The FE model was developed using ABAQUS and FORTRAN packages utilising Goldak’s ellipsoid heat source model.
The FE model was experimentally validated, and the compared results show good agreement with average variations of 18.8%
and 17.4% in residual stresses and deformation, respectively. S. Nuchim examined residual stress and distortion in Thermo-
Mechanical Control Process (TMCP) grade EH-36 steel plates of butt joints welding by hybrid GTAW and SMAW process [12].
The thermal measurements show a close agreement between the experimental and numerical simulation thermocouple data, with
a temperature deviation of only 5%. Residual stress analysis using X-ray diffraction reveals that ultrasonic stress relaxation reduces
the maximum residual stress from an average of 193.4 MPa to 39.1 MPa. Distortion analysis shows that the maximum FEM
deformation is 0.2873 mm, with a deviation of 12% from the coordinate measurement (CMM) results, while the minimum FEM
deformation is 0.031922 mm, a difference of 3%. Saulius Baskutis study utilized a metal inert gas welding (MIG) to make a
dissimilar weld of stainless steel AlSI 304, 314, 316L, 420 grades and a standard structural steel S355MC [13]. The results obtained
of welds in all grades of austenitic steels can withstand tensile tests with an average tensile strength of 472 MPa. In addition,
cracking was detected in the base metal zone, indicating that the use of 308LSl filler metal is only suitable for welding austenitic
stainless steels and dissimilar structural steels and is not suitable for welding martensitic structural steels.

This research aims to study the effects of gas tungsten arc welding with AWS A5.9: ER309L filler metal on SS304 and Q245
by performing macro and microstructural analysis, tensile test, hardness measurement, measuring the alloying elements in the
weld line using EDS (Energy dispersive spectroscopy) technique and thermal analysis. Finally, the experimental results are
analyzed and summarized.

2. Welding Procedure and Experiment

2.1 Welding materials

In this welding of dissimilar materials SS304 and Q245 steel plates were selected, dimensions of width 100 mm, length 150

mm, thickness 6 mm. The first plate is SS304 stainless steel with chemical composition as shown in Table 1. The second plate

was Q245 steel with chemical composition as shown in Table 2.

Table 1 Chemical composition of SS304 (%wt)

Materials SS304
C <0.080
Mn <2.00
Si <0.75
P <0.045
S <0.030
Cr 18.0 - 20.0
Ni 8.0-10.5
N <0.10

Table 2 Chemical composition of Q245 (%wt)

Materials Q245

C <0.20

JEET 2025; 12(2): 1-14
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Mn 05-1.0
Si <035
P <0.025
S <0.015
Al <0.020

2.2 Filler metal

The filler metal used was AWS A5.9: ER309L, a diameter of 2.4 mm. with the chemical composition shown in

Table 3. Figure 2 shows the welding process using (GTAW) according to AWS D1.1 standards.

Table 3 Chemical composition of ER309L (%wt)

Filler metal AWS A5.9: ER309L
C <0.030
Si 0.3-0.65
Mn 1.0-25
P <0.030
S <0.030
Ni 12 — 14
Cr 23-25
Mo <075
Cu <0.75

Figure 2 Gas tungsten arc welding process (GTAW)

2.3 Workpiece preparation and welding process

Preparation of the workpiece for welding was performed by creating a V-groove joint at an angle of 60 degree as shown
in Figure 3. The welding process using gas tungsten arc welding (GTAW) in the 6G welding position by specifying the welding
parameters as shown in Table 4. For welding processes using tungsten filler metal arc to generate heat and gas tungsten arc
welding (GTAW), shielding gas during welding uses argon gas. The shielding gas flow volume can be set using a flow meter
installed at the tank head, which can adjust the gas flow volume as needed. The welder will control the welding speed. For this
experiment the speed is 13.7 mm/min which is related to the welding current. If high welding current is used and welding speed is

set to increase, it will affect the quality of production. The amount of heat entering the weld line no matter whether it’s a lot or a

JEET 2025; 12(2): 1-14
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little will affect the properties of the weld line and HAZ such as hardness and tensile strength, etc. However, only 60% of the heat

entering the weld line comes from TIG welding using Argon gas to cover it. Some of the heat from the arc is lost to the flow of

Figure 3 Standard requirements for welding procedure

gas, as well as radiation and other factors.

60°

Table 4 Welding parameters used in GTAW process

Parameter Unit
Electrode diameter 2.4 mm
Arc Voltage 120 Volt
Current intensity 14 A
Welding speed 13.7 mm/min
Shielding gas flow volume 16 liters/min

2.4 Metallurgical and EDS Techniques

The metallographic examination was performed using an Olympus OLS 4000 laser microscope, as shown in Figure 4 which
captured detailed images of the workpiece in 3D with high resolution. The welds were treated to study the weld characteristics and
phase changes structures of SS304 stainless steel (Base metal: BM1), heat-affected zone 1 (HAZ1) of SS304 stainless steel, weld
metal zone (WM), heat-affected zone 2 (HAZ2) of Q245 steel, and base metal 2 of Q245 steel (BM2). In addition, the chemical
composition was examined using EDS (Energy dispersive spectroscopy) technique using a Scanning Electron Microscope (SEM)

model JOEL: JSM-7800F prime, which was used to analyze the chemical composition of the elements in the weld metal zone.

Weld metal

” CipeSa
Figure 4 Position of metallurgical structure inspection in the specimen

2.5 Tensile test

Tensile testing using a universal testing machine, as shown in Figure 5. INSTRON model 8801, which is a longitudinal
tensile testing machine for materials, prepared the specimens for tensile testing. The test parameters can be directly input from the
touch screen. The test processing is in the form of numbers and graphs. In this research, this test is used to determine the yield
strength, the ultimate tensile strength and percent elongation of the weld metal. The specimens were prepared for tensile testing

according to ASTM E8/E8M-22 standard, as shown in Figure 6.
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Figure 5 Universal testing machine model INSTRON: 8801

100 mm
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Figure 6 Preparation of specimens for tensile testing according to ASTM E8/E8M-22 standards

2.6 Hardness measurement

The hardness test was performed using Vicker hardness tester model SHIMADZU: HMV-G. The hardness values will be
measured in various areas of the weld, such as the base metal, the heat affected zone (HAZ), and the weld metal as shown in
Figure 7. The test was performed according to ASTM E3-11 standard using a force of 200 kgf (HV0.2 (1.961N) and a holding

time of 15 seconds. The compression was started in the 2 lines, the top and bottom line of the GTAW welding pass.

$S304 Q245

- S

Figure 7 Area of hardness test points in the specimen

2.7 Thermal analysis

Using the assumptions described above, the conservation equations can be formulated. In a stationary, orthogonal
curvilinear coordinate system (x, y, z) [11], the three-dimensional heat-transfer equation governing the time-dependent formation
of solid material can be written as follows:

o(, or or
—| k, — |+0= pc— 1
ax,.[’“fax,} 0= rey W
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Power density distribution

Figure 8 Three-dimensional shape of the heat source [11]

Where P denotes the mass density, ¢ the specific heat capacity, and koxithe components of the thermal-conductivity tensor.
Q represents the applied heat input, while a, b and ¢ correspond to the lengths of the ellipsoidal axes in the X, ), and z
directions, respectively, as illustrated in Figure 8. T describes the temperature variation as a function of the axial coordinate X;
and time 7, and Xx; indicates the principal spatial axis. Based on these definitions [11], the stress relationship can be expressed
as:
o,= Ad,e+2Gs, —(31+2G)S,a(T-T,) (2)

where Gij is the stress tensor, To is the reference temperature at zero stress, « is the expansion coefficient,

&, is the strain tensor, and 513' is equal to 1 when i = or i # .

A= __vE G= _£ e
Cd+v)d-2v)" 2 +v)’

where Vis the Poisson’s ratio, and E is the modulus of elasticity.

St Ept &y 3)

According to the double-ellipsoid heat-source model, the source is divided into front and rear halves, each with
its own heat-flux distribution [11]. The model uses Goldak’s volumetric heat-flux formulation, where the heat flux in
the front and rear regions is defined by equations (4) and (5), respectively.

For the front heat source,

6\/§ff77V1 e_gxz/aze—syz/b}e_3zz/cz

q(x,y,z)= ———— (4)
abcfﬁ\/ﬂ
and for the rear heat source,
63VI 3x2/a2 3YPIbE 35202
\/_f,77 o 351@ I 32 (5)

xa 7Z = —
9(x..2) abc,_zr\/;

where Vis the voltage during welding, I is the arc current, and 7} is the arc efficiency with bf =aq, br = 4bf
, and ff + fr =2; bf is the distance of the front heat flux, br is the distance of the rear heat flux [10]. The
geometric parameter a, bf , br and c are schematically. The relationship between these heat-deposited fractions

and geometric parameters is as below [11]:

2b,
= ——— 6
/5 ©,+5) (6)
2b
= —— I 7
Iy (b,+b,) v
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The front half of the source corresponds to a quadrant of one ellipsoidal emitter, while the rear half corresponds
to a quadrant of a second ellipsoidal emitter. The figure also illustrates the resulting power-density distribution along
the y-axis [11].

Temperature measurement of welding used an infrared thermometer, FLUKE model 62 MAX to the side surfaces
of the parent material. The positions at which the 4 points were measured are schematically the heat source
location along from the weld centerline as shown in Figure 9. The numerical thermal simulation of the welded
SS304 stainless steel and Q245 steel was performed using a 3D model as shown in Figure 10. The plate
dimensions were 100 mm wide, 150 mm long and 6 mm thick. The coordinate system of the model and the mesh
division consisted of the total number of elements = 3652, the total number of nodes = 6161 and the number of
DOF = 6078. To ensure accuracy and minimize the error, 3-time numerical simulations were conducted with
different numbers of elements [12]. Finally, the configuration giving the smallest error was selected. Due to the
symmetry of the weld sample, only half of the weld was analyzed using the centerline of the weld as the axis of
symmetry. The heat transfer data from the simulation were measured at four positions T,, T,, T; and T, on the
weld model at time intervals of 150 and 450 s. These positions included the positions of the heat source at the

centerline of the weld at distances of 12, 18 and 30 mm from the centerline as shown in Figure 11.

Figure 9 Measuring temperature on the surface of the workpiece with an infrared thermometer

Welding direction

Figure 10 Three-dimension model

Ts 1 B waaly 1y s

/5 E
| 30 mm. l 18 mm. 12 mm 12 mm > l ¢ 18 mm l 30 ’

1
‘Weld centerline

Figure 11 Heat transfer position
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3. Result and discussion
3.1 Metallurgical and EDS Techniques

Microstructural examination by optical microscope (OM) as shown in Figure 12 the base metal zone of SS304
stainless steel (Base metal: BM1) at a magnification of 500x, 50 ym. The microstructure is generally a twin-phase
austenitic stainless steel [5]. Figure 13 is an image of the heat affected zone (HAZ1) of SS304 stainless steel at
a magnification of 100x, 200 ym. The microstructure of both weld metals consists of primary ferrite dendrites with

interdendrite austenite. Interestingly, both have relatively high delta ferrite content [7], probably because of low
carbon content of both filler metals in the weld in this work, which is consistent with the role that carbon tends to

play in stabilizing the austenite phase in the weld metal.

Figure 12 Microstructure in the base metal zone of SS304 stainless steel (Base metal: BM1)

Figure 13 Microstructure in the heat affected zone (HAZ1)

Figure 14, The microstructure in the weld metal (WM) at 100x, 200 um, consists of ferrite dendrite and austenite
matrix [5, 7]. The chemical composition was also examined by EDS (Energy dispersive spectroscopy) technique
using scanning electron microscope (SEM). The results of the analysis revealed that most of the elements are

components of the welding wire with chromium as the highest content. The details of other elements are shown in

Table. 5
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Figure 14 Microstructure in the weld metal zone (WM)

Table 5 Chemical composition of weld metal zone

Element Y%owt
Cr 21.59
Ni 10.17
Fe 66.31
Mn 1.93

Figure 15 shows the heat affected zone (HAZ2) of Q245 steel at a magnification of 500x, 50 um. The
microstructure is generally composed of ferrite and pearlite, with pearlite distributed on the grain boundaries of the
ferrite [5]. Figure 16 is an image of the base metal area of Q245 steel (Base metal: BM2) at 1000x, 40 ym. The
microstructure is generally composed of ferrite and pearlite, with pearlite distributed on the grain boundaries of the

ferrite [5].

- "‘EJ
/&zl ’( L{'ﬁ

é* l.

‘\e‘

W

Figure 16 Microstructure in the base metal zone of Q245 steel (Base metal: BM2)
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3.2 Tensile test
The tensile test results from the stress- strain curves of the welded specimens in Figure 17 show that all stresses have
close values due to fracture of the specimens resulting from the tensile test. However, it was also found that all fractures

occurred in the base metal Q245, especially at the HAZ, as shown in Figure 18. Therefore, it can be concluded that the most

fragile part of the welded specimens is the base metal Q245 as shown in Table 6 [5, 7, 9, 13].

$S304 Q245 $S304 Q245

Figure 17 Tensile test specimen (a) before tensile testing (b) after tensile testing

Tensile test

500
400
3001 | )
2007 |
| | ‘
| |

I

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Tensile strain (%)

Tensile stress (MPa)

Figure 18 Stress-strain curves of the 3 specimens

Table 6 Tensile test results

No. Yield strength (MPa) UTS (MPa) Elongation % Location of fracture
1 333.84 463.85 20.59 BM Q245
2 337.28 45712 19.59 BM Q245
3 338.82 469.95 18.97 BM Q245
Average 336.65 463.64 19.72 BM Q245

3.3 Hardness measurement

The results of the hardness test from the GTAW welding process are shown in Figure 19. The hardness profile of
the weld is divided into 5 zones: base metal (BM SS304), heat affected zone (HAZ SS304), weld metal (WM), heat affected
zone (HAZ Q245) and base metal (BM Q245). The trend of hardness value in each area of all 10 points along line 1 (Red
line), it was found that the highest hardness value was at point 3, the heat effected zone is 182 HV, and the lowest hardness
value was at point 9 is 135 HV. The heat effected zone (HAZ SS304) from test points 2-4 had a slightly higher hardness value

than the weld metal (WM) at points 5-6 but had a higher hardness value than the heat effected zone (HAZ Q245) at points
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7-91[5,7,9, 13]. The trend of hardness value in each area of all 10 points along line 2 ( Green line), it was found that the
highest hardness value was at point 3, the heat effected zone is 179 HV, and the lowest hardness value was at point 10 is

130 HV. The heat effected zone (HAZ SS304) from test points 2-4 had a slightly higher hardness value than the weld metal

(WM) at points 5-6 but had a higher hardness value than the heat effected zone (HAZ Q245) at points 7-9 [5, 7, 9, 13].

H H 1 H
BM $S304 | HAZSS304 | Weld metal. 1| HAZQ245 1 BMQ45
/ 1 i :
WM

Vicker hardness (HV,,)

Distance from the weld center, mm

Figure 19 Hardness profile showing hardness of the weld metals and both sides

From the experiment, it was found that the weld metal when heated from welding causes the structure to change into a
solid structure, therefore resulting in an increase in the hardness value. And the welding process in the heat effect zone next

to the base metal area will have a harder value than the weld metal but will be higher than the base metal and will give the

same results for both test point compression lines.

3.4 Thermal analysis

The temperature measurements taken while welding sheet metal pieces with an infrared thermometer measuring device
were at follows position T, reached 327 °C, position T, recorded 280 °C, position T, measured 170 °C, and position T, showed
138°C. Figure 20 illustrates the results of the thermal simulation, depicting the temperature distribution on the plate from the
numerical simulation performed 3 times. Temperature at position T, located at the weld centerline center line, reached a peak
of 309.63 °C. Uneven cooling due to convection and radiation caused a rapid decrease in temperature after the heat source
moved past the location. For the subsequent positions, position T, showed 274.04 °C, position T, showed 167.28 °C, and
position T, showed 131.69 °C. The heat generated during welding was transferred to the lower-temperature regions of the plate
by conduction, while heat was dissipated into the environment through radiation and convection [11, 12]. When comparing the
results of infrared thermometer measurements and numerical simulations gives temperature values that are not significantly
different at 5% difference, which is an acceptable value. Meanwhile, the results also show that the heat distribution

characteristics of the temperature are similar to the research of Abdulrahaman Shuaibu Ahmad et al [11, 12].

Figure 20 Temperature distribution obtained from numerical simulations
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4. Conclusion

The main results for dissimilar welding between SS304 and Q245 steel using GTAW can be summarized as follows.

The microstructure in the weld metal zone consists of dendrite ferrite and austenite matrix. In addition, the results of the
chemical composition examination using EDS technique found that many elements are components of the filler metal with
chromium as the highest at 21.59%, followed by nickel at 10.17% in this weld metal zone.

The tensile test results showed that the stress-strain curves of the welded specimens were close to each other due to the
fracture of the specimens resulting from the tensile test. However, all fractures were found to occur in the Q245 base metal,

especially in the HAZ hot affected zone.

The hardness test found that the highest hardness value was in the heat effected zone (HAZ SS304) is 182 HV and the
lowest hardness value was in heat effected zone (HAZ SS304). When the weld metal zone receives heat from welding, it
changes its structure into a solid structure, which results in an increase in hardness value. In the welding process, the heat
affected zone adjacent to the base metal will have a higher hardness value than the weld metal zone but higher than the base
metal.

The accuracy of the temperature field with an infrared thermometer and numerical simulations gives temperature values
that are not significantly different at 5% difference. This is due to the uneven cooling effect due to convection and radiation,
resulting in a rapid decrease in the maximum temperature when the heat source passes through a certain location at a constant
speed at the accumulated heat is transferred to the low temperature region of the plate by conduction and lost to the surrounding
environment by radiation and convection.

The GTAW welding uses less energy than SMAW welding due to the lower heat consumption, but produces higher quality
and cleaner results. Environmentally, GTAW welding has a lower impact than SMAW welding, particularly in terms of smoke

and slag generation, making it more environmentally friendly.
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This study aimed to develop and evaluate a virtual simulation-based learning program for bomb calorimeter
operation to enhance practical learning in thermal technology courses. The program was developed using Unity
and Vuforia platforms, based on the ADDIE instructional design model and grounded in Constructivist Learning
Theory and Multimedia Learning Theory. The participants were 18 fourth-year students majoring in Mechanical
Technology Education. Research instruments included the virtual simulation program, an expert evaluation form,
and a user satisfaction questionnaire. The expert evaluation indicated that the developed program achieved a very
good level of quality, with mean scores of X = 4.50, S.D. = 0.50 for content quality and X = 4.50, S.D. = 0.40 for
media design. User satisfaction was rated high (X_= 4.20, S.D. = 0.00). A paired-sample t-test revealed a statistically
significant improvement in post-test scores compared to pre-test scores (p < 0.05), confirming that the virtual
simulation effectively enhanced students’ conceptual understanding of energy analysis and combustion processes.
In conclusion, the developed virtual simulation serves as a high-quality instructional tool that reduces the limitations
of real laboratory practice in terms of safety, time, and cost. It also supports flexible, self-directed learning and can
be applied to thermal energy-related courses. Future developments may include integrating interactive quizzes or
augmented reality (AR) features to further enrich engagement and the overall learning experience.

Keywords: Virtual Simulation, Bomb Calorimeter, thermal technology, Multimedia Learning, User Satisfaction

1.Introduction

Practical laboratory-based learning plays a crucial role in engineering and technical education by enabling
students to apply theoretical knowledge to real-world scenarios [1, 2]. However, many educational institutions face
limitations in delivering hands-on experiences due to resource constraints, equipment maintenance, and safety
concerns [3]. The COVID-19 pandemic further highlighted these challenges, necessitating alternative approaches
to laboratory education [4]. Recent advancements in digital technologies have enabled the development of virtual
laboratories, simulation-based tools, and augmented reality (AR) environments that replicate physical lab
experiences [5, 6]. These virtual tools are increasingly adopted in science, engineering, and energy education,
offering flexibility, cost-efficiency, and enhanced learning engagement [7, 8].

A recent meta-analysis by Li and Li (2024) [9] confirmed that virtual laboratories significantly improve
conceptual understanding and student engagement in engineering education (Hedges’ g = 0.686, 95% CI 0.414—

0.959). Similarly, Makransky and Mayer (2022) [6] demonstrated that immersive virtual reality environments,
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grounded in Multimedia Learning Theory, increase learner retention and motivation through visual and interactive
stimuli.

In Thailand, virtual laboratory models have been applied successfully in engineering education [10]. In energy-
related subjects such as calorimetry, students must understand thermodynamic principles and experiment with
devices such as the bomb calorimeter [11]. However, the high cost, operational risks, and limited availability of this
equipment create barriers to consistent student access. To address these limitations, this study proposes the
development of a virtual simulation program using Unity and Vuforia platforms to support the learning of bomb
calorimeter operation.

To address these limitations, this study developed a virtual simulation program for learning bomb calorimeter
operation using the Unity and Vuforia platforms. The program was designed to create a safe, realistic, and
interactive learning environment. It follows the ADDIE instructional design model grounded in Constructivist
Learning Theory and Multimedia Learning Theory, emphasizing learner engagement, visualization, and conceptual
understanding in energy and thermal engineering education.

2. Objectives

1. To design and develop a virtual simulation-based learning program for bomb calorimeter operation

2. To evaluate the content and media quality of the developed program through expert review.

3. To assess student satisfaction with the virtual simulation program.

4. To compare learning achievement before and after using the program.

3. Research Methodology

3.1 The development process followed the ADDIE model:
- Analysis: Identified key concepts in bomb calorimeter operation, following standardized procedures for
heat of combustion testing [12] Learners’ needs and difficulties were analyzed to ensure relevant and
accurate content.
- Design: Created flowcharts and interface structure according to Constructivist Learning Theory and
Mayer’'s Multimedia Learning Principles, integrating text, animation, and interactive 3D models.
- Development: Used Unity [13] and Vuforia [14] for simulation creation, ensuring accurate energy
calculation and realistic visualization based on ASTM D4809-20 standards.
- Implementation: Introduced the program to 18 students in the Mechanical Technology Education program
- Evaluation: Used expert reviews and Likert-scale surveys to assess content quality, usability, and learner
satisfaction.

3.2 Instruments:
- Virtual program : Developed 3D-based simulation of bomb calorimeter operation.
- Expert evaluation forms : Three experts—two in thermal engineering and one in educational technology—
assessed content and media quality (IOC = 0.50).
- Satisfaction questionnaire : Measured students’ engagement, usability, and overall satisfaction
(Cronbach’s Alpha 2 0.70).

3.3 Sample:
18 fourth-year students, Mechanical Technology Education, selected by purposive sampling.

3.4 Statistical Analysis:
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Mean (X_), Standard Deviation (S.D.) were used for descriptive analysis, and a paired-sample t-test was
applied to compare students’ learning achievement before and after using the program.
3.5 Conceptual and Theoretical Framework

The development of the virtual simulation program was grounded in three interconnected frameworks:
Constructivist Learning Theory, Cognitive Theory of Multimedia Learning, and the ADDIE instructional design model.

First, the constructivist approach guided the overall learning philosophy, emphasizing that learners build
knowledge through active participation, experimentation, and reflection. This principle supports the use of hands-
on, interactive simulation where students can observe, test, and conceptualize the combustion process within a
virtual environment.

Second, Mayer’'s Cognitive Theory of Multimedia Learning provided the foundation for the media design.
According to this theory, learners achieve better understanding when information is presented through both verbal
and visual channels. Therefore, the program integrates 3D animations, graphical interfaces, and descriptive text to
enhance cognitive engagement and retention.

Finally, the ADDIE model served as a structured framework for instructional design. Each phase—Analysis,
Design, Development, Implementation, and Evaluation—was systematically aligned with the constructivist and
multimedia learning principles to ensure that the simulation supported learner-centered interaction and effective

conceptual understanding in energy and thermal engineering education.

4. Results and Discussion

The evaluation results of the virtual simulation program for bomb calorimeter usage are summarized in three
key aspects: content quality, media design, and user satisfaction.

1. Content Quality: Experts assessed the content for accuracy, relevance, and alignment with course objectives.
The program received a mean score of X = 4.50 with S.D. = 0.50, indicating high quality.

2. Media Design: The design elements including graphics, interactivity, and layout were rated by media
specialists. The program received X = 4.50 with S.D. = 0.40, showing excellent visual design and usability.

3. User Satisfaction: A survey was conducted among 18 fourth-year students using a 5-point Likert scale. The
mean score was X = 4.20 with no deviation (S.D. = 0.00), reflecting a unanimous positive experience.
Users highlighted the program's clarity, ease of use, and usefulness in supplementing real-world lab limitations. It

served as an effective self-learning tool outside classroom hours. The results are shown in Table 1.

Table 1 Summary of Evaluation Results

Evaluation Aspect Mean (X) S.D.
Content Quality 4.50 0.50
Media Design 4.50 0.40
User Satisfaction 4.20 0.00
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4.1 Comparison with Traditional Teaching Methods
The following table compares the virtual simulation-based approach with conventional bomb calorimeter
instruction methods, based on instructional design strategies observed in engineering education [10]. as shown in
Table 2
Table 2 Comparison with Traditional Teaching Methods
Virtual Simulation

Aspect Traditional Instruction

Accessibility Requires physical access to Available anytime, anywhere

equipment, limited availability digitally

Learning Style Teacher-centered, limited Learner-centered, interactive

interaction experience

Risk & Safety Risk of handling hazardous Risk-free digital environment

substances
Cost High maintenance and operational  Low recurring cost after
cost development

Visualization 2D textbook or live demo 3D animated interaction and

immersion

4.2 Statistical Analysis

To analyze the effectiveness of the virtual simulation program, a paired-sample t-test was conducted
comparing pre-test and post-test scores of the 18 participating students. The results indicated a statistically
significant improvement in post-test scores (p < 0.05), demonstrating that the virtual program effectively enhanced
students’ conceptual understanding of bomb calorimeter operation. Statistical analyses were performed using

Jamovi (Version 2.6) and R (Version 4.4) statistical software packages [15, 16].

Table 3 Comparison of Pre- and Post-Test Scores (n = 18)

Group n Mean S.D. df t-test Sig(1-tailed)
Pre-test 18 7.00 3.09 17 8.599* <.001
Post-test 18 13.33 1.08

*p < 0.05 indicates a statistically significant difference at the 0.05 level.

The mean post-test score (X_= 13.33, S.D. = 1.08) was considerably higher than the pre-test score (X_=
7.00, S.D. = 3.09). The paired-sample t-test result (t = 8.599, p < 0.01) confirms a significant improvement in
learning achievement. This demonstrates that the virtual simulation program effectively enhanced students’

conceptual understanding through interactive, hands-on learning activities.
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Standardized Residuals

Theoretical Quantiles

Figure 1. Q-Q Plot of Standardized Residuals for Pre- and Post-Test Scores

The data points are distributed close to the diagonal reference line, indicating that the residuals follow a
normal distribution. This satisfies the assumption of normality required for the paired-sample t-test and supports

the validity of the statistical results.

4.3 Supporting Diagrams and Screenshots
The actual bomb calorimeter device used in traditional lab instruction is shown in Figure 1 shows the actual
bomb calorimeter used in traditional instruction, while Figure 2 outlines the learning sequence designed using the
ADDIE model. To support visual planning, Figure 3 illustrates the graphic layout and component design process
conducted using Adobe lllustrator, which served as the foundation for the user interface and instructional visuals.
Figure 4 presents the simulation interface created using Unity, and Figure 5 shows the coding stage conducted in

Visual Studio.

Figure 2. Bomb Calorimeter used in laboratory instruction.

JEET 2025; 12(2): 15-23.

19



20

Virtual Simulation Program to Enhance Learning of Bomb Calorimeter Operation for Engineering Education Poorisa Sangbunluerit et al.

http://jeet.siamtechu.net

The bomb calorimeter used in conventional laboratory instruction for measuring the heat of combustion in
solid and liquid fuels. The device includes a combustion chamber, oxygen supply, and water jacket for capturing
released thermal energy. It plays a key role in teaching fundamental thermodynamic concepts and energy analysis.
However, due to its high operational cost and safety concerns, access is often limited. This image was taken from

the actual laboratory setup used in the Mechanical Technology Education program.

Front - end Back - end
C)
/ Data from user
{ ‘.. Adobe lllustrator
| | 2 2
H i Output
; | oQumu F l.g
é ! Data
Unity

Figure 3. Flowchart of the simulation learning system based on ADDIE model.

Flowchart of the simulation-based learning system developed following the ADDIE instructional design
model. The diagram outlines five phases: Analysis, Design, Development, Implementation, and Evaluation. Each
phase guided the development process to ensure systematic and pedagogically sound outcomes. The flow begins
with concept identification and ends with student feedback assessment. This structure served as the instructional

backbone of the simulation program.

Figure 4. illustrates the graphic layout and component design process conducted using Adobe lllustrator, aligning

with virtual lab design principles applied in prior engineering education studies [10].

Graphic layout and component design of the simulation interface created using Adobe lllustrator. The

design includes visual elements such as buttons, labels, thermodynamic icons, and control panels for user
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interaction. These components were aligned with virtual lab design principles to promote clarity and engagement.
The layout helped translate abstract theoretical content into accessible visuals. This visual framework formed the

foundation of the Unity-based simulation interface.

Tutorial nfold 7

(2 [ — 1

oEe;.o.-o(io :'ouo vo i on ° oo@e‘o“'
B g o/l FREPEREEEE o clks o 8T

Figure 5. User interface of the virtual simulation developed using Unity.

User interface of the bomb calorimeter virtual simulation developed using the Unity platform. The interface
allows students to simulate experimental steps, adjust variables, and observe thermal reactions in a 3D
environment. The simulation mimics real-world bomb calorimeter operations while eliminating risks. Interactive
features promote hands-on learning outside of traditional lab constraints. The design enhances engagement and

reinforces conceptual understanding.

2 o 2. CBET292HO0OX A8 = Qe

Figure 6. Programming and system integration using Visual Studio during the development of simulation

features.

Programming and system integration implemented using Visual Studio during the development of

simulation features. C# scripts were developed to control interactivity, process calculations, and manage user

JEET 2025; 12(2): 15-23.
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inputs. The coding environment enabled logic-based simulation behaviors including fuel selection, temperature
response, and result visualization. Integration with Unity ensured seamless execution of user interactions. This

phase translated the visual design into a fully functional learning tool.

5. Conclusion

This study successfully developed and evaluated a virtual simulation program for bomb calorimeter
learning using Unity and Vuforia platforms. The findings confirmed the program’s effectiveness in enhancing
students’ conceptual understanding, engagement, and satisfaction. The integration of Constructivist Learning
Theory, Mayer's Multimedia Learning Theory, and the ADDIE model ensured pedagogical soundness and
technological quality throughout the design process. The developed simulation serves as a scalable and sustainable
solution for laboratory-based instruction in energy and technical education, addressing common limitations such as
safety risks and limited accessibility. Future research should explore the inclusion of augmented reality (AR)

features, embedded assessments, and multilingual options to expand usability and learning personalization.
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ABSTRACT

This study aims to evaluate the primary sources of greenhouse gas (GHG) emissions from concentrated car
wash products manufactured by Standard Manufacturing Co., Ltd., and to propose appropriate, sustainable
strategies for reducing these emissions. The assessment employs a cradle-to-grave Life Cycle Assessment (LCA)
framework within a Business-to-Consumer (B2C) system, providing foundational data for analyzing and mitigating
GHG emissions across the entire supply chain. The process is divided into five key stages: raw material acquisition,
production, product distribution, consumer use, and end-of-life waste management. Results indicate that the
consumer use stage contributes the highest GHG emissions at 81.4% of the total, followed by raw material
acquisition (15.75%), waste management (1.23%), distribution (1.08%), and production (0.53%). Reduction
strategies encompass all life cycle phases: adopting recycled or biodegradable packaging materials; prioritizing
domestic raw materials and environmentally certified suppliers; enhancing production efficiency through high-
efficiency motors, renewable energy systems, and Lean Manufacturing principles; optimizing logistics via route
planning, consolidated delivery schedules, and clean-energy vehicles; designing energy- and water-efficient
products, promoting Reuse/Refill programs, and providing sustainable usage guidelines; implementing the 3Rs
(Reduce, Reuse, Recycle) for waste management, developing packaging return initiatives, and partnering with
certified waste disposal facilities. Additionally, corporate carbon management plans, employee and supplier training,
and regular Carbon Footprint of Product (CFP)/Carbon Footprint Organization (CFO) reporting foster continuous
improvement aligned with Net Zero goals. The integration of LCA and targeted GHG reduction measures across

the supply chain is essential for enhancing product sustainability and effectively minimizing environmental impacts.

Keywords: Product Carbon Footprint, Life Cycle Assessment, Concentrated Car Wash Products
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Impact score = Emission factor x Inventory value
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Emission factor Ao andnanwlunisvinldiiananszny
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ABSTRACT
The objective of this research was to design and develop an innovative lamp cover using recycled materials
and to evaluate the luminous efficiency of eight different material types: compact discs, aluminum cans, future boards,

clear plastic sheets, foam, wood, cardboard, and foil. The experimental variables were controlled using a 15-watt LED
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bulb installed at a height of 2 meters, enclosed within a frustum of a quadrilateral pyramid structure with a 40-degree
incline. The light intensity data were collected using an EXTECH 407026 lux meter in accordance with CIE 1931
standards. Data analysis was performed using descriptive statistics, Independent Samples t-tests to compare the
illumination levels between each material type and the control group (without a cover), and One-way Analysis of Variance
(ANOVA) to determine the significant differences in mean light intensity among the eight material types.

The results indicated that the type of material significantly influenced light intensity (p < 0.05). Foil yielded the
highest mean intensity at 77.6 lux, followed by foam 74.0 lux and aluminum cans 70.1 lux, all of which were significantly
higher than the control group 30.4 lux. The findings demonstrate that the strategic design of lamp covers, utilizing
optimized geometric dimensions combined with high-reflectivity and superior light distribution materials, can enhance
lighting efficiency by more than 155.26%. This innovation not only improves the working environment in compliance with
occupational health and safety standards but also promotes energy efficiency and sustainable waste management based
on circular economy principles within the workplace.

Keywords: Light diffusion, Lamp covers, Light intensity, Reflective material, Material comparison
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Abstract

This research focuses on the development and performance evaluation of an automatic solar tracking
photovoltaic system, compared with a fixed solar panel system. One of the main limitations of fixed solar panel
systems is their inability to continuously face the sun perpendicularly, resulting in suboptimal energy generation
and reduced investment efficiency. Therefore, this study aims to propose an effective approach to enhance energy
production efficiency. The objectives of this research are to develop a prototype of an automatic solar tracking
system and to compare the energy generation performance between a fixed solar panel system and an automatic

solar tracking system. The developed tracking system utilizes five Light Dependent Resistors (LDRs) to detect the
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direction of sunlight and control servo motors to continuously adjust the orientation of the solar panel so that it
remains perpendicular to the sun’s rays. Experimental results under clear-sky conditions indicate that the solar
tracking system generated a total energy output of 91.18 Wh, which is higher than the 71.04 Wh produced by the
fixed system. This represents an efficiency improvement of approximately 29%. The results demonstrate that
adjusting the orientation of the solar panel significantly enhances energy production.

Keywords: Solar tracking system, Photovoltaic panel, Energy production efficiency, LDR, Servomotor
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gaa NI uazazldel NPV, IRR, B/C LLa:i:m:nmﬁunmﬂué‘ﬁﬁ%’?@ lagnaNMIAN WL TN 992
{ngrunguiumnaznouindumunTainaianuTawld SsaziRnaudasiwrasnsT IR AN HHY
12.56 — 17.19 MJ/kg Tufsdadursdfinnndugisuanununmulituidadamasnauiiosand lignin 7
Husrdszaulunmsiainmslasseis sruaalamanidadanasezuaninidorsleiiuesned Tusunsds=in
NAABLUNUNIGIULATHIAEAT wu’j'lmisl,ﬁﬁm%aLwﬁawaulm:é‘uﬂ(ﬁu‘”ﬁmiﬁaLL@ié’@mu 5550 : RS50 Julilas
inanay LL‘Y]%‘ﬁla Taudd NPV 6,060.29 — 48,328.03 U1, IRR 4.97 — 31.19%, B/C 105.17 — 144.64%, L8
i:ﬁ:nmﬁunu 3.00-7.941 dmmﬂﬁﬁm%amﬁuNaﬂui:@?’uaqmamﬂﬁml&al,wié'ﬂdm S$S65 : RS35 4uliaz
L'%"uﬁwamammuﬁﬁ Iﬂﬂﬁ@‘i’] NPV 14,393,556.80 — 43,271,672.47 U1, IRR 8.75 — 23.64%, B/C 111.11 —
135.17%, ULAZITHEIIAALY 2.85 — 3.96 1

Ad1aY: NMNazNawiEy, NaaaUUNUNIRwIATEZAEaS, W19T17, WaaniIngy
Abstract

This study investigates an approach to improving the properties of fuel pellets derived from wastewater
sludge, which typically exhibit low heating values and poor mechanical strength due to the absence of natural
binding components within their structure. Rice straw was incorporated as a co-feedstock in the production of mixed
sludge-based fuel pellets. Five mixing ratios were formulated and pelletized, after which their physical and energy-
related properties were analyzed. In addition, an economic feasibility assessment was conducted at both laboratory

and industrial scales using NPV, IRR, B/C ratio, and payback period as key performance indicators.
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The results indicate that the incorporation of rice straw enhances the heating value of the mixed pellets, with the
value increasing proportionally to the rice straw content HHV 12.56—17.19 MJ/kg. Higher proportions of rice straw
also significantly improved pellet durability due to the presence of lignin, which acts as a natural binder that
strengthens the structural cohesion of the pellets, thereby reducing the likelihood of breakage. From the economic
evaluation, it was found that mixed fuel pellets at laboratory scale begin to show favorable economic returns from
the SS50:RS50 ratio onward, yielding an NPV of 6,060.29—-48,328.03 THB, an IRR of 4.97-31.19%, a B/C ratio of
105.17-144.64%, and a payback period of 3.00-7.94 years. At the industrial scale, positive economic feasibility
was observed starting from the SS65:RS35 ratio, with an NPV of 14,393,556.80—43,271,672.47 THB, an IRR of
8.75-23.64%, a B/C ratio of 111.11-135.17%, and a payback period of 2.85-3.96 years.

Keywords: sewage sludge, financial return, rice straw, CO-fuel pellets
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4 75 25 SS75 : RS25

5 100 0 SS100

o namTilaNviassUsznovvadiata WA NaY

mnﬁagawamﬁﬁ'ﬂlumiwﬁ 3 lunamyianzimauiauuulzanm asdlnaunguazg maula
9B BLNAIT BT AT DLWBINENTZRININNANEWILFINUHNITIY INNANTTILATIEH LN Lﬁm%al,wﬁdwawnﬂ
fasinazdesndsznauduansszinedng (Volatile Matter) wazanutwdnassUsznaunan lasUsunmansszing
Spazudsiunamudsinmdadiunnsdndnds laodadenainauazddadiusasasszmedodudeuusn
feusasasnasdudasiuresnnutn Aindsssdudasiuvesiuazanuonnses d9azliuandreiulmda
HOINRINFILARE A a%m%’uaﬁﬂi:ﬂaum@yumLﬁ(ﬂL%@Lwﬁawaunﬂé’@ﬁmffm:ﬂ'i:ﬂauvl,ﬂ@ﬁﬂmqﬂﬁuauﬁﬁ
USunmannidusrauusn iaaadm'cn:Lﬂum@ﬂaimmuua:ﬁﬂﬁuf,g@ﬁﬁm:Lf]um@;vl.uimmuua:m@yﬁ'aL‘V\la%ﬁlﬁ
YSunawldanniin

LRZIINHAIATITREINUBNINANANNTDUVDILAALTBLNR ﬁ]:LLﬂiﬁumumqmi‘uauﬁa%ﬂmﬁ@] VIl

Ao

NEY I@mLﬁm%mwﬁqNau‘nuaﬂd'sumawxlwﬁnmna:ﬁdwmqmﬁuaugamﬂﬂﬁ’m LAZA1AINNITaUVBILTA
& A a o @ o o o @ = X A Aa o A
VB OLNAINANALSUIRNAUINNRAFIWIIN LW T B a1NEa U IﬂmmnjaLwawamwmm’]maugqqma SSO :
=3 g a { 1 v °l td v = U U o v U v
RS100 uaztiialanisnauniainnuiaudigana SS100 Gmmmjagaﬂmms’wﬁmmumi%m’mvlm’] wnls
B OLNAINENINNAINAZNAWINLRULN 908191 A8V I AL T AL WA INFUTAGT LARINADINITINNAIRINN T
A/ o v Y QI L 1 U =3 U g v =4 g a (; v
WInIu ;s laagmaRusasIwIWTn2 Aezauirauntymiainnusanludaiiaindnandias la
~ ﬁq/ a Q 1 09/’ @ A v AA 1 = = a = tdl <; A (< = >
LLa:LmLﬂjaLwadNauiuﬂﬂa@aauuuﬂauma@aﬂamdﬂauﬂimmm@yﬁmwa%ﬂmmﬂ Faduldlunwinadeny
NWI38289 Ersel Yilmaz Wazatue (Ersel et al., /2A) Laz Longbo Jiang Wazatke (Longbo et al., 2014) Liati Ui

wara: linalwiAauan1izmeanmedndas
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M13191 3 3m‘n:ﬁqmauﬁauuuﬂi:mm adﬁﬂi:ﬂﬂ‘ﬂﬁ’]@]‘LLa:ﬂmaNﬂa‘ﬂ%‘iL%ﬂLWﬁGTﬂGLﬁﬂL%SLwaxﬂwﬁui:‘ﬂ’j’]d

MNaznawIiLRENUNIITN

T a 5
AARENUUILEY © W91
Parameter

S50 : RS100 5550 : RS50 S565 : RS35 5575 1 RS25 55100 ANMIMTFIM i
Proximate analysis (%Weight)
Moisture 550(+1.75)  21.68(+1.72)  33.56(+1.94)  40.12(+1.80)  47.91(+1.64) - -
Volatile Matter 86.02(x1.65)  65.48(x1.45) 52.06(x1.36) 43.26(+1.67)  37.38(x1.59) - -
Ash 8.34(+1.24) 9.52(+1.65) 9.17(+1.44) 7.75(+1.71) 8.34(+1.62) <20.00 AUl
Fixed Carbon 0.14(+1.17)  3.33(x1.02)  521(+1.53)  888(x17/)  7.22(+1.77) >1500  @neEnwnsIl

Ultimate analysis (%Weight)

C 40.55(+0.93)  36.68(x1.32)  29.02(+0.59)  18.08(+0.87)  39.71(x0.05) - -
H 7.01(x0.31) 5.34(0.18) 4.56(+0.32) 7.73(=0.81) 6.94(+0.02) - -
N 0.00(x0.00) 1.27(x0.01) 1.29(0.02) 0.54(=0.06) 5.58(x1.82) - n3ulseanu
S 0.00{+0.00) 1.00(x0.01) 1.12(+0.05) 1.00(=0.09) 1.01(+0.04) <2.00 DNEAIANTIL
Calorific value (MJ/kg) Asulsaey
HHY 17.19(0.21)  14.59(0.23)  14.14(+0.26)  13.61(£0.33)  12.56(x0.39) 12.56 DAATANITY

Non-Combustion (%eWeight)

Non-Combustion 9.10 7.90 8.30 7.70 12.70 - -
Duration (%Weight)

Duration 92.60 90.20 89.40 88.40 20.00 96.00 uan.

®  NAMIUATIEAMIANANNNUNIULBILTATDINRINS
MINAREURITR LT NI INRULARZFARIUNITLATIZAAIANANUNIUAINNIAIZIUNATEY DIN

EN 15210-1 I@ywamﬁmﬁ:ﬁﬁagﬂﬁ 7

(%)
100.0
98.0 B Duration (%)
96.0
94.0
92.0
90.0

88.0
86.0
84.0
82.0
80.0

SS0: RS100 SS50 : RS50 S S35 SS75: RS25 SS100

Sewage Sludge : Rice Straw

Ellﬁ 7 Namﬁmswzﬁmmﬂumum 2914 Sh) INRINRNTZRIININaznawiLFaLaz N9

mngﬂ'ﬁ' 7 fonamaBaneanununmuvesdaifainasnansznitemnaznawin donazvedn :anms
3LﬂﬂzﬁwudnﬁﬂL%al,wﬁdﬁﬁdmwammﬂwﬁnga zanuudaussuaznunudannioniolad lasgasin
SS0 : RS100 azﬁmmﬂumugaq@agﬁ' 92.6% uazFnaNINwHHazSuanasLodasuvosnstddtanas
s Taoidatainasnaufigasin SS75 : RS25 a:ﬁmmmwumuﬁ’]q@agﬁm 88.4% ﬁzaf:mmqmaa
AMUNUNUBDILT AT DLNRINFUNIN lignin ﬁaQ’Luﬂwaﬁnazﬁmﬁwﬁﬂuﬁaﬁﬂﬁmﬁﬂwaa cellulose 1ﬁa§
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U Q/ > ﬂq/’ a =3 g a 1 1 =3 g a v ¢§/
AILNU muumﬂﬁﬂimm Iignin 1%LN@]L%6LWQ\1Nﬁll&nﬂ"imﬁ\?Na@]E]ﬂ':]']ll'ﬂu'ﬂ']u"llﬂ\'iLN@L%QLW@GI%%ON']T]TH@']NVLTJ
A28
= & o a v = & a
Naﬂ']iﬂﬂ‘l:ﬂa(iﬂl]iznaﬂLLﬂﬁva’JLﬁﬂﬁnﬂﬂ'ﬁLN']vL‘ﬂﬂJLlJ@]LTaL‘WENNE‘T&I
ﬂqﬁﬂﬂﬁaﬂﬁﬁlzﬂ"lL%aLwax‘iNﬁN LL(ﬂ'ﬂ:f‘q{@lﬁl'}%NW%LﬂiﬂzﬁW"laGﬁﬁizﬂa‘].lLLﬁuﬁvLﬂLaﬂ%ﬁ\‘i’\ﬁ]"lﬂﬂqiLqulﬁﬁLﬁﬂ
L%(”JLwax‘iNﬁN IﬂﬂNﬂﬂqiaLﬂiqzﬁﬂuﬂﬂﬂiqﬂﬁ 4

A13191 4 wamsfinasslznavuiladoanmarn lrlldadoniinauFas1ueAn9 9

mnaznawiEe : Wt
Parameter
SS0 : RS100 SS50 : RS50 SS65 : RS35 SS75 : RS25 SS100
NO, (ppm) 0 0 0 0 1.3
NO, (ppm) 0 0 0 0 1.3
CO, (%) 6.47 4.02 3.91 4.28 5.05
SO, (ppm) 0 0 0 0 67
T Flue (°C) 193.7 198.3 2001 204.3 219.0
T Amb (°C) 35.1 35.1 35.3 354 35.1

nesi 4 \unsnenasddsznavuialodsanmisn indidedamninaslugagindns g lagas
Lﬂ%ﬁuLﬁwﬁwﬁ"’tﬁmnmn’i’@ﬁ'ummmg'mmawamsﬁ’m”rgﬁﬁusamlﬁi:msJaanmmJdammﬂizmﬂnizmm
9ARINNTTY W..2549 &un NO,, NO, uaz SO, T9azdrsbenuiBainasimnadunan lagnaannmsaiaiauda
NO, uaz NO, ﬁ'ﬁawamnmimaai’@wu'jwL‘%TaLwﬁawaunﬂé‘@dmﬁ@h@‘imlﬁzaglummsﬁmmmgm (NO,, NO, < 200
ppm) ﬁ'ﬁaﬁmmqmmm%L%mwﬁwamnﬂé‘@muﬁﬂ%mm N ¢ ﬂi:ﬂauﬁuqquﬁmﬂumﬂm%ﬁa:agszwjn
250-350 °C s‘fﬁLf]uaquﬁmmmulumﬁmuqmLﬁ"a NO, uaz NO, uananniigildvinmsnsiaiauda SO, Tawa
ﬂ'mﬂ’ﬁmmi'ﬂwud']L:ﬁm%mwﬁdNaunﬂé'@mm:ﬁm SO, @‘%um:ag‘l;slummsv‘i’mmmgm (SO, < 60 ppm) BNLI%
qA&I% SS100 ﬁifugﬂmmnmﬂmnauﬁnﬁﬂﬁﬁadﬁﬂs:ﬂawm s asiufoihuenlndsdilamafiezrialiiia
wis SO, duld
wamsﬁnmm"mmm:aué’wmﬂsugmam%‘lum{lﬁmmﬁﬂL%vmwﬁawau

miﬁﬂmmwmm:auﬁmmmgma@ﬂumﬂ'ﬁmmﬁm%aLwﬁawaumLmumﬂﬁmuﬁmﬂm%mwaa
LflumiaEﬂwamiﬁnmmaawamauLmuma@T'mmﬁ:@mam"mnmﬂ’ﬁmmﬁ@L%aLwﬁamamzijmnmﬂauﬁnﬁs
Puruwddasiuds g lussdurasd jianns laenslsasisiade 4 é1 leun wanouunusiugns (Net
Present Value : NPV) 8amwanauunun1adunslu (Internal Rate of Return : IRR) 8a31WAABLLNUADIETUAINY
(Benefit/Cost : B/C) Waz3z8izlIaAnyL (Payback Period : PB) laaniliamzikanauunudmasugaanizad
Lﬁ@L%@Lwawauﬁé’@mumm Usznaushodauds 2 dauda dauf 2 @T’JLLﬂiﬁmmsamuﬂi:ﬂauﬁam@iwsl“ﬁﬁiﬂﬂu
miai”wm%ia{l5’@Lﬁ@L%mwﬁdNam:ﬁuﬁmﬂﬁﬁams (Investment Cost) iif89nIH&a (Capacity) 1.00 kg/hr 19
JURINYH 20,650.00 Baht 1umsé’<ﬂLﬁcﬂL%aLw5\1ﬁﬁunumwﬁmﬂﬁuﬁﬁﬁhqﬁu (Material Cost) n3diiaas Ay
0.20 Bahtkg A3 elumssaiiadainaslaunenlwiiuazA1uss (Operating Cost) @aft 1.00 Baht/kg uazdauit
2 dadaudsiunansuunulduineldannsaanisinsaninaznawinge (Disposal Cost) %dﬁga@h 1.00
Baht/kg FINANIIANHILUEAIGIANTIIN 5 LLazEﬂﬁ' 8 1agNan13ILAMTHNANDLUUNUNIGIULATHEAEA3UDILTA
Fondonanszninemnaznewinisuasiitnfigasiude g lagnaanmsiensinuindadondonanln
fadin 55100 aldrmianaunumslddmimdwdamndond s:dnalssndadldiieme 59.58% uaslasy
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nanauunuluglrainadszndannnisaadiliiieraldgega (1.79 uanikg) id1 NPV 48,328.03 un IRR
31.19% BIC 144.64% uazil PB 3.00 yrs dwiuiiaiainsinaufidnanauunusasasaunde SS75 : RS25 , SS65 :
RS35 Uaz SS50 : RS50 MuENSY TINanauunuildunasInszninnalszndaanmaamslsiuiuiasne
Uszngaannmsaasisamnaznowinde asiwdamuisaldnudadomdsiddasiuaesnnaznasindeun
Aazanunsaaasisanmnaznewindsdedeiniunaneuunudnmaldifndn sonalimsldnuiodowdnas
ﬁmw@jummﬂ"fuwmvlﬂﬁ’m LA AT LNAINFNAAEI SSO : RS100 TnaUsz e a1 F3185TINLAZNAABLLNY

ndumMIdudinann eldnuwdadamdwauludadiuaindnislifionuduamdweaisgmand

A132971 5 ANINMIVATIZENRADLUNUAWATEIA RN T ILTALTOLWRINRNNFAR UG 9

ﬂ’]ﬂ@lzﬂ@%ﬁ’uﬁ{l s W9t
Parameter
SS0 : RS100 SS50 : RS50 SS65 : RS35 SS75 : RS25 SS100
Capacity (kg/yrs) 8,760.00 8,760.00 8,760.00 8,760.00 8,760.00
Investment Cost (Baht) 20,650.00 20,650.00 20,650.00 20,650.00 20,650.00
Material Cost (Baht/kg) 0.20 0.10 0.07 0.05 0.00
Operating Cost (Baht/kg) 1.00 1.00 1.00 1.00 1.00
Net Heating Value (MJ/kg) 17.19 14.59 14.14 13.61 12.56
Specific Energy Cost 0.070 0.075 0.076 0.077 0.080
(Baht/MJ)
Energy Saving (MJ/kg) 0.04 0.03 0.03 0.03 0.03
Energy Saving Cost (Baht/kg) 1.06 0.90 0.90 0.86 0.79
Disposal Cost (Baht/kg) 0.00 0.50 0.65 0.75 1.00
Total Saving Cost (Baht/kg) 1.06 1.40 1.55 1.61 1.79
Total Saving Cost (Baht) 9,285.91 12,306.03 13,552.41 14,068.78 15,657.80
%Energy Saving (%) 35.33 30.16 29.90 28.53 26.25
%Total Saving (%) 35.33 46.83 51.57 53.53 59.58
NPV (Baht) -32,910.94 6,050.29 21,142.14 28,057.79 48,328.03
IRR (%) N/A 4.97 15.41 19.67 31.19
B/C (%) 73.83 105.17 118.48 124.91 144.64
Payback Period (yrs) N/A 7.94 4.98 4.74 3.00
(%) (Yrs)
200.00 20.00
0 0
000 mmm [RR (%) B/C (%) 16.00
12.00
100.00
8.00
50.00 4.00
0.00 - - i I 0.00
SS0 : SS50 : SS65 : SS75 ¢ SS100
RS100 RS50 RS35 RS25

Sewage Sludge : Ricestraw

311 8 HagaUWNUNIAWATEFM A STBITATaINRINEN TR NMNasne kL RDUAZWIT)
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NNTDYITAH dunsTiensinananunudmuassgemsaftaadadandnaumonmiu
MnMsININAnTeATaIsaTIaRasl fURM LN é’aifuﬁdﬁmsﬁﬂmlm:ﬁuq@]m%ﬂﬁmﬁmaulu
mrﬁiiammmﬁgﬂﬂmz}mﬂizﬂawﬁasmﬁﬁmﬂf%ﬂavlaf:n%mwadLw‘hﬁw%’um:mummﬁmm@
15.00 tonhr lasfsasinsldidaindediufiniade 35,000.00 kg/day Tagn1s3iasnzinanauunuein
Lﬁmgmam?maal,ﬁ@L%@Lwﬁamaulmzﬁuqmm%msuﬁﬂi:nauﬁwéﬁLms 2§ fa Fawft 1 s
miamuﬂizﬂauﬁaﬂﬂ'ﬂ"ﬁﬁhﬂumsn’aaﬁ’wﬂsamwﬁ@lﬁ@lfﬁ?ﬂLwﬁaﬁﬁﬁwﬁ'\ammam 1,500.00 kg/hr 13w
§1943%3% 30,000,000.00 Baht wazenldsnglumssadadainas laun quNWIan@Ay (Material Cost) lu
nydinsT ey 0.20 Bahtikg dnsuanldsnslunissaifadamndslaun drlWiluazauss
(Operating Cost) @Al 1.00 Baht/kg uazdaufi 2 Aadautssunanauunuldunneldamnmsanmsa
mneaznawinLiin (Disposal Cost) s‘ﬁaﬁsﬂam 1.00 Baht/kg LLazﬁwfa‘aé’mmaﬂu’fﬂmaaﬁmmsn;ﬂwzJLﬁau
L% 2564 ﬁa"’mmamﬁmﬁuﬁ = 6.22% s'fidNamsﬁﬂwwmam@”@gﬂLLazmiN@TwiavLﬂf‘: lagwna

mifnwHanauunudwaTEImaairaudasawinanluszaugamnnImaziduaua i 6

@132911 6 MIWMNTUATEWHANDUUNUIULATHIANTA TYILIALTBLNRINFNTZAL AN TTNNIARIUGI

Parameter ﬂ’]ﬂ@l:ﬂa%ﬁ’llﬁ&l - WA9T
SS0: RS100 SS50: RS50 SS65:RS35 SS75:RS25 SS100
12,775,000.00 12,775,000.0 12,775,000.0 12,775,000.0 12,775,000.0
Capacity (kgl/yrs) 0 0 0 0
30,000,000.00 30,000,000.0 30,000,000.0 30,000,000.0 30,000,000.0
Investment Cost (Baht) 0 0 0 0
Material Cost (Baht/kg) 0.20 0.10 0.07 0.05 0.00
Operating Cost (Baht/kg) 1.00 1.00 1.00 1.00 1.00
Net Heating Value (MJ/kg) 17.19 14.59 14.14 13.61 12.56
Specific Energy Cost 0.070 0.075 0.076 0.077 0.080
(Baht/MJ)
Energy Saving (MJ/kg) 0.04 0.03 0.03 0.03 0.03
Energy Saving Cost 1.06 0.90 0.90 0.86 0.79
(Baht/kg)
Disposal Cost (Baht/kg) 0.00 0.50 0.65 0.75 1.00
Total Saving Cost (Baht/kg) 1.06 1.40 1.55 1.61 1.79
13,541,945.90 17,946,291.9 19,763,936.8 20,516,969.1 22,834,295.3
Total Saving Cost (Baht) 8 8 4 8
%Energy Saving (%) 35.33 30.16 29.90 28.53 26.25
%Total Saving (%) 35.33 46.83 51.57 53.53 59.58
- - 14,393,556.8 21,739,682.2 43,271,672.4
NPV (U1n) 43,024,144.28 1,637,710.21 0 1 7
IRR (%) N/A N/A 8.75 12.77 23.64
B/C (%) 69.63 98.76 111.11 117.02 135.17
Payback Period (yrs) N/A N/A 3.96 3.76 2.85
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AMANTN 6 UAzFUN 9 ABHAMTIATIZRNAADLUNUN A IULATHIAAATVBITAITDININEY
szndinnaznawiifouasitnluzaugamnIIuNdadInd1d9 lasnaannIiezinuiHanauuny
nIcuaTEImaaizasdaiianiinauszniinnaznawiiiouszwitnluszaugasnnn luly e

a a = Qt v a wa 1 A I3 d? a Hd U dl o dl ol
mmnummnmlmmu'ﬂaaﬂgummiﬂmaﬂa LN@L‘H@LW@GN&NI%&@@’J% SS100 LSJ@I‘EG']%LWEJY]G]LL‘Y]%TH?I‘E

\Warwasanuin axinadszngae 4918570 59.58% LLa:VLGi”%'uNamauLmulugﬂmaawaﬂi:%ﬂ‘ﬂmnmmmﬂ‘ﬁﬁhﬂ
7'l6g9ga (1.79 Bahtkg) fidn NPV 43,271,672.47 111 IRR 23.64% B/C 135.17% uazil PB 2.85 yrs §miLiiia
LB LNAINENATNANDULNUTBIAINAE SS75 : RS25 LAz SS65 : RS35 AMNENSU TINAABLUNWHLTWHATIY
FRIINALTTREANINTAAMN LTI T DN EITIN 8 AT AL HALITEREANMTAANANTANNNANBENLEY G355
Hemunsaldruiadanasidsasiusasninaznewinidoann fazmunsnandiinsamnaznowindudeion
unaaauunudnnsledifudn dawa‘lﬁmﬂ‘*ﬁmmﬁﬂLﬁmwﬁmauﬁmm@fw@hmﬂﬁumﬂﬂﬁm waLagoInaa
NEUFAEIW SS50 : RS50 Was SSO : RS100 Snalseneadnld81890uasNanauununIIs wnIIudmnn (d
NPV fd1@aau, ¢ BIC §1n91 100%) Lﬁaw\‘nmﬁﬂL°’§aL‘wfﬁmauluﬁﬂmu@ﬁnﬁhﬁavl&iﬁﬂ'smq”mi'mwﬁm

6
LAIWIANRAY

(%) (Yrs)

160.00 8.00

mmm [RR (%) mmm B/C (%)

140.00 PB (Year) === total cost saving (%) 7.00

120.00 6.00

100.00 5.00

80.00 4.00

60.00 3.00

40.00 2.00

20.00 1.00

0.00 0.00

850: RS100  SS50:RS850 265 : RS35 S75:R825 55100

Sewage Sludge : Ricestraw
31 9 HaGaUUNUNIAWATEAM AT TN ATOINRINEY

TERINNNazNawtinLEe LLﬂzWWO“IT’]’JSt@DUE‘]‘@]ﬁW%ﬂ’EiN

5. AyLHALALYDIABUULITHITY
i'mqﬁuém%’mﬁm%aLwaawaumﬂmﬂmﬂauﬁnﬁm a:ﬁm‘ﬁ:mﬂ{iwmﬂuaaﬁﬂﬁxﬂau%é’ﬂLLa:ﬁﬂ’?mmLﬁﬁga Lty
2 A |a o A f a ) & ' S A oA a a )
Lm%uﬂimmmmmmaaagiuﬂsuwmwwn lummauaamh:namJaam@;wm']mnmﬂauumamumﬂmumwﬂuv\ha
v :’ a al o £ 1 L3 v 1 v & ™
1711 mnaznawiiFeaziiUTinmmemivauei vl T ananuTautauniinietn matflummqmnhmﬂums
AT T NINHFNLN DA NANA NI U
ﬂi o g/ a a £Z J <l =3 ‘&y a o v & d‘y a a A
Wahmnaznewhidsusct st andugiidudasawi e R daTawiInaN T USunman sz
. P o X . . . .. Y S P
PeTmiasddiznauramganiuawiuiu domgrasindndalidauTauselaainislldgiluany
L 1 v dl QI I&’ U 1 v AA o v v &) 1 1 Q/ :’ =
fasupaInTMNRNInaN e #audadantszmsuasmanWs M D wawNRNSINAUMINAz N LR IA
a ve & & a 2 a A o =
anduanunumMuliiulaanianaudaiaan lignin Naglunatna 1AEHANMINARILANNNUNUVDILAA
\TOINAINFNNLI NI AT aINAINEN SSO : RS100 N lwst T uaIwHaNAaNLA LN E9a819LA 81397 [ A U3 un e lignin
lwdagammaugisiradasianunumnunanindaamdwauludadudug Nidndind
° [ o o = X A A o oA A o o = X A
a’msum’mqummnmﬂm’mmmﬂjmwaawam dad NIl sununsEudaalwas SS100
A = & a & ¥ a A A v & ' O o S a
ipsnnidaaimiiazmnaznawii{uannnga Feazlasudszlomianmsaad tanslunmsinaamnaznaninge
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Vl,@]mnﬂa;mmmﬂmumm_mum@mmwmwawlummuauﬂ NNt lasunalszlumiannaianusauiisnuInsina
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ABSTRACT

The purpose of this research is to study the appropriate methods for reducing energy consumption in the
Frozen Seafood production process by analyzing the energy used in the process with the appropriate measures.
Due to in the past, the case study company used a lot of electric energy in lighting and cooling systems in its
Frozen Warehouse. From studying found that the total energy consumption in lighting and cooling systems is as
high as 338,109.74 KWhl/year, with an electric energy cost of 1,254,387.13 baht/year. It accounts for 61.87% of
electric energy consumption. Therefore, we have analyzed the measures to reduce energy consumption in order
to reduce costs in the process which there are many measures can be used but two main measures have been

chosen namely the measure to reduce the amount of unnecessary light by changing to LED with high lighting
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efficiency and low electricity consumption and also environmentally friendly and another one measure is to increase
the cooling temperature from the original too low setting. By using comparative analysis and economic evaluation
methods, the amount of electricity used in lighting and cooling systems in Frozen Warehouses can be reduced by
96,797.92 KWh/year and electric energy cost of 379,045.34 baht/year or a reduction of 30.22% with a payback
period of 5 months.

Keywords: Ligting system, Cooling system, Frozen Warehouse, Energy conservation
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ga31989 [3] [4]
WRIARY = [R (N - 1)(M - 1) + Q(N - 1) + T(M - 1) + P JNM (1)
N = $1unaaa Wdanal, M = S1uIuLa0
1ag r1 - r8 = guluuaznandrnas (typical inner bay and centrally located bay) L8z R = @hmﬁ'waa r1-8
ql—-qg4 = ﬁaﬂmwauiﬂdﬁaa ('in two typical half bays on each side of room) LLaz Q = @hmﬁ'waa ql-4
H —t4 = Nana9aLWa-eRes (in two typical half bays on each end of room) uas T = A1LaALVEY t1-4

pl,p2 = quﬁad ('in two typical corner quarter bays) LLae P = ﬂ"lmﬁlwad p1 LLaE p2
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HanIaTiaUSinmuasaing Ideuasads 240.87 and %aguﬁumwm‘i’nﬂu quﬁuﬂ’j']mmmgmﬁ
sylilungniznang Awuamnaspulunssimauaznissanmisiuanudaeans aniawniit wazanIwwIaday
Tumsvnuiisaiuanudan ugIging uasiss w.a. bdde [5]

wgaslssnuamansaiezaaUsinmmslussainsiiunnusnduiiasld 35ldnaasaasunaaalnll
Sl,‘*fi'%aa@ﬁﬁﬂﬁxﬁﬂﬁmwmidmahagma:mmaﬂmﬂ“ﬁw&omu nnianluasifudusudslinaaangaaiaiud
T8, 36 1A 3NUWI 627 KA Lﬂﬁiwvlﬂl%ma@wﬁamsmsﬁuﬁ LED T8, 25 a6 §1%2% 627 Raoarinidy 9703w
3T AUS I BURIRIIMNENANT (1) BRASs waﬂswng’h"ﬁmumm?{ﬂ 205.20 ang ﬂ'dagiu@iwvlaj@"iWﬂ'jw 200
and ey lein mawaswluldnana Fluorescent LED T8, 25 3a6 unuwaaa Fluorescent T8, 36 SA¢ 8111307
¢ asnndalUSinammaineldauduagu

ﬁaﬁwmﬁl,mw:ﬁﬂmﬁuwamsagﬁ'ﬂﬁwﬁ'ammrmﬂ'mﬂﬁlﬂumaﬂvl%m%f:

Aawdasunaanl Guld T8, 36 W $1uan 627 waaa (209 1o az 3 Baaa) AwIsn3lEmias I
wazennszua Wi leaodt

36 W x 627 = 22,572 W = 22.57 KW

Iowasawlnin 22,57 Kw x 24h x 365 1% = 197,730.72 KWh/l
197,730.72 x 3.71 = 733,580.97 TR
wasilasnnaaal 119 LED T8, 25 W $1uau 627 waaa (209 Tan 9az 3 naan) druwimnisld

ANaINWINA (Ranieas 3.71 uIn)

o

A WinazanTeus IR laasi

25 W x 627 = 15,675 W = 15.68 KW

Towasnuwlwin 1568 Kw x 24h x 365 1% = 137,313 KWh/l

Twasnulniaaas = 197,730.72-137,313 = 60,417.72 KWh/1l
ANasnwini (Fenoay 3.71 Un) = 137,313 x 3.71 = 509,431.23 v/l
ﬁ@Lﬂuﬁunumﬂvﬁwa"muvl,wﬂwﬁa@m = 733,580.97 - 509,431.23

= 224,149.74 1/l K308084 30.56%
S eoa a o =g
#ANING JITNATNIREN addia U
- aasnsranuazatalanuaznasald vivnng 3-6 ideu nmavhanuszaalanlnaealii
] k) = Q. 1 1 AI a a v 1 z 1 e 1
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o U g 1 [l U a o U Qs Qs é 1 U L
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[ o [~
4.2.2 NTAANIIT WA IWBIZUUNIAMNLE 1
o a o ® A o A % I & oA %

- aasmsdsuganpi uszuuvianadwiimanzas assFuduguddiznianite 80 was 113 120
Wwas g9 10 was JagdudnisasgunniiLin -30 ssenaafos dadudrdganninasgundmuali 18 --
Awwni inlinslswasouwlnin 140,379.02 Kwh/l wafazinslg Wi wassu
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IAUNNATIUTIYAVBINTENTIINBATVBIFWTFANTN (FDA) arwislugasusudsasiiungmnnd 0° F (-
18° C) wiadnin iatlasrnumaeigdulazasuuaiiie FDA mnualdifuiliadad exmnziafigunnd 0° F (-

18° C) w3aeni [6] [7] [8]
o & = Yo o A A ° = a = a
asnu Aaldvimamesssdiungangilunisvhanuiuain -30 asanoafos 1w -22 aseoados
Naﬁvl,ﬁmﬂmsﬂ%'uLﬁuqmﬁgﬁluﬂﬁﬁ FIRR NI TWAINW WA RAaILaEs 20 Kwh/ % 3nNLaNLaaY 120
KWh/7% aaadtnaaiadslssanas 101 KWh/w %3891nun 140,379.02 KWh/D dandudrwadinu Wi 520,806.16
U/ anadiaa 104,019.02 KWh/al adua1wassnwbWin 385,910.56 Un/d WadswlWwanas 140,379.02-
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L & o ) I =2 A o R f D & A ' A '
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ﬁﬂﬁmmanLﬂﬁmummi”augﬂm”ﬂmw M lAAINNAUAINANUAUAIAA RS auluﬁqﬂa’?m"ﬁﬂmﬁ'umm@”uéhfa:
vinen vildtAamsguildasnassnwlniyle
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X o o ° = ° [y (% I o
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(Kwh/D) (Kwh/D) W) W)
ﬁauﬂ%’uﬂga %5@‘]J§?U‘]J§x‘l ﬁauﬂ%’uﬂga %é’aﬂ%’uﬂ@a

FEUULEIRTN 197,730.72 137,313.00 60,417.72 733,580.97 509,431.23 244,149.74 33.28
sruuauLin  140,379.02 104,019.02  36,380.20 520,806.16 385,910.56 134,895.60 25.90

Rty 338,109.74 241,332.02 96,797.92 1,254,387.13 895,341.79 379,045.34  30.22

Fmsuanansaug ldun maanuazaralaylwuaznasaln, masmitasusudunasowliiuae
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4.3.2 NMIIATIRANKANLATHIAIFATATUNAIIW

7N swmmﬁunu (Payback Period) = @nlgdne I $aniniiszndaleaed [10] (2)

mﬂmsﬂ%fuﬂ;amMmmmm@ﬂ’%mmmsdaaa'mﬁl,ﬁummﬁ']Lﬂusﬂ‘”ﬁﬂmimﬁmvlﬂ%ma@ LED 74l
ﬂs:ﬁw%mwmsaaam']agaLLa:ﬁma@mﬂ“ﬁwﬁhmu ﬁL’Euamuﬁa@iavlﬂf:

-%ama@ﬂgamimiawﬁuﬁ LED T8, 25W wi/auunaoaiin 627 waaa x 150 = 94,050 1N

drnaadsunaaaln, neatasaduazaarsniaasesn, deselWuaznagauniivinen swnsald
wihsauunun i wihonugenthgsinesanildlas lidesirsdFumunnouan

anasnsinausaninusunssnwliiussAuguszuuie iy ﬁdﬁwmm@%mmqjmww:
FIWIB 2 ¥iN = 2 x 5,000 = 10,000 LN, AN 095319 BNNINANIT 2 T = 20,000 1N

L TuTuaInNUIFEU 94,050+10,000420,000 = 124,050 111

mzum‘ium%’qu%@iai‘lﬁ@mﬂL’Eu@iwwé'amuVLWﬂ'mﬁamvl@T@iaﬂ = 359,045.34 U

unuelugas (2), szpzaandunu = 124,050/359,045.34 = 0.35 I wia = 4.2 =5 1fau
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MNP 5.1 SunsnsanswsinuszusWiusssisluessiudutudondla 60,417.72 Kwhiil
aadunuanszus Wil 224,149.74 1n/d Genilu 33.28%
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Abstract

This study examines the seasonal variation in the abundance and characteristics of microplastics in soil
from a landfill site at an integrated waste management facility in Lampang Province, Thailand. Soil samples were
collected during wet and dry seasons, and waste composition analysis was conducted to classify plastic waste into
seven types. Microplastics were isolated using wet peroxide oxidation and density separation, characterized by
fluorescence microscopy, and identified using Fourier Transform Infrared Spectroscopy (FTIR). Results showed
that plastic waste comprised an average of 20.19 + 2.20% of total waste, with low-density polyethylene (LDPE)
being predominant in both wet (71.57%) and dry (68.20%) seasons. Microplastic abundance was significantly higher
in the dry season (1,013.33 + 220.30 particles/kg) compared to the wet season (413.33 = 151.44 particles/kg).
Fragments were the dominant morphology, accounting for 63.46% and 85.71% in wet and dry seasons,
respectively, with a statistically significant difference between seasons. The major polymer types identified were
polypropylene (PP), polyethylene terephthalate (PET), and polystyrene (PS), with significantly different distributions
between seasons. Notably, despite LDPE being the most abundant plastic waste type (> 68%), no LDPE or high-
density polyethylene (HDPE) microplastics were detected in soil samples, suggesting differential degradation rates
among polymer types. These findings highlight that seasonal variation plays a crucial role in influencing microplastic
accumulation and distribution in landfill soil, with dry season conditions favoring both enhanced photodegradation
of plastics and reduced leaching of microplastics from surface soil. The study provides baseline data for developing
season-specific waste management strategies to mitigate microplastic pollution from landfill sites.

Keywords: Microplastic, Landfill soil, Waste composition, Plastic waste, Seasonality
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Glass) vihnmiadasagiilsuvesduiinaunuanmensaiui Aaliidunan 12 1alus nwsihansazaneunn

iawﬁ&Iﬂizmﬁﬂiadagmﬁﬂuaaﬂ%ﬁﬁ (Whatman, 25 mm diameter, 0.2 [Alm pore size, aluminium oxide filter;
Anodisc) I@lﬁlﬁﬂ%ﬂdﬂﬂqmjﬂu’m’m LATINNTEABNTRINIRILBAINWLNZLTE (Petri dish) 10 ldau laanudueae

dousuion ﬁqm‘vxqﬁ 55 aseianidus iWuam 12 Talug ﬁnnﬁ?uﬁﬁ"l,mﬁuﬁﬁ Desiccator awnNNazaNIaNeh

2) Myl sauazlszinnvedlulawanadn

nizasnIad azpnih ldhanwediondasaansseingaaissiaud (Fluorescent microscope) wiangunsal
N WLAUIzuIaNe (OLYMPUS BX53) WaAnEnUSan (Amount) 31374 (Shape) & (Color) 3w1@ (Size) AW
£77 (Length) 3nsiusinenadnellasisseusfiavaslulaswaradindaoiaias Fourier Transform Infrared (FTIR)
spectrometer (Bruker, LUMOS II) lagltlwua Attenuated Total Reflectance (ATR) Lﬁiaﬁuﬁﬁmﬂﬂ@ﬁumadﬁ’m&m
Wisunusilaasngl989lu Library (IR Library) luniﬂﬁaLﬂﬂ@1%’&1ﬁ@hmmgnﬁamaamﬁuﬂﬁasjmf'] 70% (Hit
quality) azlignihanmulumsianed

3.4 MIUTENUAMAINUAZNITAIVANADLNIN

lumafndiadiiuazmyd jodauluiesl fianis lddnshaiammdunmsdsiugmuainuszns
Aguamnwanlfataniinia iatasiumsdwianuasiialinansdnsndanuindedeuasaansarihs le
Aarian TR uazndInMafudainusznIia ek Qﬂﬁtﬂ'ﬁmumuLgaﬁﬁﬁﬁwaﬁﬂﬂﬂmm:qaﬁa"l,uvlmﬁIm
mzmummﬂmm‘hLﬁumsﬁaﬂqﬂmzﬁﬁﬁ’mﬂLLfT'm"?ammmamﬂwi’fuua:ﬁmﬁU‘V\laﬂﬁagﬁlﬁw guUnsainniia
Isunsvhanuszaiauazaasaoiin Mili-q 'eﬁwmumm%ﬁaumﬂfmunﬂﬂ% LﬁaﬁﬁﬂL?immiﬂmﬁaumﬂi'aq
Afunssinfiaanwanaan

3.5 mﬁLﬂsﬂ:ﬁﬁagauazaﬁ&ﬁ‘lﬁmﬁ:ﬁ

iagaam‘ﬂs:ﬂaummu,azﬂ'i:mmﬂ:wmaﬁﬂﬁ'n,aualugﬂm%aﬂaﬂmﬁmﬁfﬂ LazeLaRuwToN e
Lﬁmmummgm (Mean + SD) Usnadulaswanadnduoudusruniudenlansuvasdn (%u@iaﬁian%’u) F
wiazadlulaswaadniaiduniie lulasiuas (Um) mawSonifisuanuuandiseninngHuuaznuas
@i']Lﬁumﬂ@ylﬁaﬁaﬁmm:awﬁuﬁnwmwaﬁaga lagraumsdianzh ldihnmmaseunInizansaivesdeya
@18 Shapiro-Wilk test wuidayaluiduldarunisuanuasaudn (p < 0.05) Faidanldad@uuulaiondunisuan
wa9Und UsunaazmaadsaaslulaswaainiUSouiiiaudas Mann-Whitney U test luamsiin1siinnziaana
LANENNVBINIINTZANWAIVBIF M IWIN DMz szinn IwRLwasla Chi-square test lagrinuaszauiydayng
§AGT p < 0.05 mylenzidayaduiiumislasldlsunsy spss
4. HANTSI9Y

4.1 29aUsznauBe: uazdsEIANVLENANEAN

1) assdsznavaszlagsin

wamﬁmﬁzﬁadﬁﬂs:naumawU:QaﬂaUiuanwuﬁﬁﬁﬁ?'@mﬂ: (@171971 2) WUINLZIABI T Y AR B
Nnandusiflsznaunan (26.53 + 13.72% LAz 22.30 + 4.89% A1U&1AL) %ma@ﬂﬁaaﬁuﬁﬂwm:mmqumu
luaasdsznelng ANNUANANBEITTEINATYTZAINQHY (36.23%) UAznQUAT (16.82%) azviauiiandna
°uaaﬂmﬁ”ﬂﬁaLLmé”amLLazwqﬁmwmm‘ﬂmmquma lavlungeu mw%ugadqLﬁ%:umimnﬁﬂmmmmi il
i Bunsdiindu ’Lumm:ﬁqguﬁdﬁmﬁ:mwaaﬁwg\i sanaliiminuozBuniganas NaRafARITHNL
TunsAnsnaa9 Saengehut et al. [18] Muadinavlusiniaunsuion G9piwinvezdunidianuudsiuais

a

ngmaé’mﬁaammﬂmm%mm:qm%nm

u
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gwsvpnznausninnau gl s lemingeslodaled wuin voswansandussdiuszneunsnvossss
lo1fia (20.19 + 2.20%) Iﬂmﬁmwmﬁ’[uw&aaamgma axvioufsmslindanmsinanadnansdeLiiosnaaanad
ﬂ'%mtumﬂzwma@nﬁwugmdﬂmiﬁnmmaa Wisitthammasri et al. [14] MUadsnausiniaszuas (Fouas 15.2) 019
LﬁmnﬂmmLL@]ﬂ@hwm;ﬁJLLuumm%InﬂLLa:i:éﬁJmiﬁ'wmLﬂiwgﬁwaaﬁuﬁ woz3lmfnang laun fh (8.51 +
4.70%) N3EANM (7.50 £ 2.40%) Uazui (5.50 + 4.45%) HANuULINUEITEHININANS T s-nitiuaslans
figasiue (< 3%) voaFuduanouszandiannIafiindudfsasiusantonnin 2% LL@iﬁmwéﬂﬂ”ﬁglﬁ‘ﬁd?unﬂﬁau
i LﬁaamﬂLﬂuLmdwaamsmﬁLLazIav\wﬁfﬂﬁmﬁ]ﬂmﬂwau;ﬁmmzﬁﬂﬁﬁu wnldfimsaauanagnaninzay

a8 UsznavvasussAinuLaa iAW Vs Bunssussusnanaan Lﬂumjwﬁ'ﬂﬁmsvl,ﬁ%'umsﬁ'ﬂmiazm
Huszuy laganizmsaasunsuenagzauadunuazmyinnauanlsuss lomd iiu manaailoninwiaing
Tanwanvezdunis uazmss lofassnanadin Lﬁ'aa@ﬂ‘%mm"uaaLﬁyﬁvﬁ%ja_iaﬂaﬂauw: Yl anuuaneues
aaﬁﬂizﬂawﬂ:IuLL@ia:qgma%’[ﬁﬁuﬁammﬁ‘hLfluiumsﬁmu@mmmﬁ@msmU:L%mgmmﬁaiﬁmﬂﬁu

FIUNNBREANIAVLE N U= ENT AN

a

A13199 2 aaﬁﬂiznaumawyﬂuamuﬁﬁwwﬂ:ﬁimunqugma

< ad o o
ﬂdﬂﬂi:ﬂaﬂ‘ﬂﬂzi%ﬂﬂ’l%ﬂ mMaadae

asmlsznavuzasnes (Govaslagiwiin)

aadw naua Mean  SD
Y2aWNT 36.23 16.82 26.53 + 13.72
yarasangIn 18.84 25.76 22.30 + 4.89
RETRE 5.80 9.20 7.50 + 2.40
¥ 0.83 0.37 0.60 + 0.33
Al 5.18 11.83 8.51 £ 4.70
HILAZ NI 0.62 4.73 2.68 + 2.91
Wdau 145 3.15 230+ 1.20
WAFAN 18.63 21.74 20.19 + 2.20
Tnl 1.46 0.53 1.00 + 0.66
Tanz 0.01 0.39 0.20 + 0.27
wia 8.64 2.35 5.50 + 4.45
maatﬁué’ummmn‘gumu 2.28 0.58 1.43 +1.20
snuaasmiasedltlWiuadidnnsefing - 0.30 0.15 + 0.21
yarlagfiaide 0.04 1.33 0.69 + 0.91
dug - 0.92 0.46 + 0.65

2) UselAnugewangan

HanIIATERRIdlznaute sz adniuunaNlinnasindweslutiingrunaz nguas (gﬂﬁ 2)
WU31 LDPE Lfluwmaaﬂﬁwumnﬁqwz\mamgma lasfidadiuiasaz 71.57 uaz 68.20 lungeuuaznguas
ausay usaslwiiudn LOPE (uwwanadnidnisltouadrsunsnaoludiadszsiu lasawizluzdvas
pIWAEAnuazduranIng ﬁuﬁﬂﬁwuﬁamuﬁﬁwﬁms;lzmﬂﬁq@ G’fiaaa@ﬂﬁaaﬁ'uLtuﬂﬁwmﬂfwmaﬁﬂmsq
sufluasasen waaanoiafinusasasan leun wansdnyszinn PET dausouas 10.00 uaz 15.02 ,PS Yauas
8.46 WAz 7.51, Uax HDPE Taua 6.93 Uaz 5.05 lunguuaznguat auday azdwldiwana@ndszian PET 4
ﬁ@damﬁui‘f%iu*ﬁamguﬁa navlﬂf:aaﬂﬂﬁaaﬁ'umiﬁﬂﬁwaa Puthcharoen and Leungprasert [11] ‘ﬁIW‘]J’J'W
safUznavvswanaaniutadinay 12 wisidsinalned PE use PET \uzfianan Ssoradunusnungfinysa

mIvslnavasdszanslundasNun warg@ndszinn PP, PVC uay Others wulugaaiuen (< Tauaz 5.00) lag
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PVC Lv‘ﬁ'u"fulﬁﬂﬁafﬂquuﬁa (308821.00 ©19 3.56) S'fidma]L%auimﬁ'un’ﬁslfﬁ'?a@;ﬁaa%m%ﬁawmaaﬂ‘ﬁ'l,ﬁ'u%u
lug29nguds Tuwmed Other wutanzlungnu (Fasaz 1.64) LRAITIANRAINAR LV ILARINNIBIVLAY
il vt mmu@m@hwa\‘iadﬁﬂizﬂawﬂ:‘wma@nlmwia:qgmaLﬁuﬁaanJaﬁ?nﬁnﬁmmsnﬁﬂﬂlﬁ’lumiﬁmuﬂ
VAT IIAM TVYZWAFANLANIZYQNA WaiRudssinsmnuazinauun s lomlatananzan

B Wet Season B Dry Season

80

70 4

60

50 4

40 4

30 4

Plastic Waste Composition (% by Weight)

LDPE (%) HDPE (%) PET (%) PS(%) PP(%) PVC (%) Others (%)

Types of Plastic

317 2 Usmnnvzzwana@nlugniuim 1QVBLIUUNAINYANIA

4.2 Pamuazewiazaslulaswaraanlnin

1) Usunanlalaswana@nludn

NammﬁﬂuLﬁﬂuvl,uimwmaﬁﬂﬁwuﬁwLLuﬂmwﬂgma@ﬁLLa@ﬂumswﬁ 2 %slﬁLﬁu'jﬁqgmaLﬂuﬂaﬁ'ﬂ
fdnfiamadenmiazanaslulamnaiadnludn lasusalulamwana@ngaenguas (1,013.33 £ 220.30 Fuda
Alaniw) degeninlusaongau (413.33 + 151.44 Fusdanlansy) Uszunm 2.45 i uaaslAiAningmadulads
ey fidanadamaszanadlulaswanadnludu Tagluaguds anuuluduaaasuazmiTzdradstduiiien 33
sawalitinsazauvadlulamwara@inuinniingdu nammasaun19aiiddis Mann-Whitney U test uaaslidnia
ﬂ?mm"lu‘[mwmaﬁm:wﬁwaamgmaﬁmwLmﬂ@haaﬂﬂdﬁﬁfﬂﬁ'}ﬂ”ﬁgﬂwaﬁa (U =0.000, Z = -2.449, p = 0.014)
LLa@ﬂﬁLﬁudm@mmﬂuﬂaﬁ'ﬂf,%ﬂﬁ'tyﬁa\‘lmw“iammzamaﬂuimwmaﬁﬂluau lavlunquas anuguludnansd
wazmITEdIRnduiiiay Sadanalilinszauvaslulaswana@ninnninnaru WawSsuifisuiunsinsndu
Tudszinealng wudﬂﬂ%mmvlwimwaﬂaaﬂiuﬂﬁﬁﬂmﬁaglumaLﬁmﬁ'uﬁ Puthcharoen and Leungprasert [11]
18979 NUaEINAY 12 WHe (1,458 + 490 Fudaflansy) uaz Mahesh et al. [10] lubulds (180 - 1,120 Fuda
Alaniu) WediNN31 Wisitthammasri et al. [14] PsanTaTeeas mmﬁaamﬁmmmLmﬂ@mmaamﬂqﬁjaﬁaﬂau dszinn
104182 uazanwndainmie adrslsianu miﬁﬂmﬁmmlmﬁuﬁaNam:‘nwam@ma@iaﬂ%mmvluimwmaﬁﬂ
DENTALI

2) vwaued llaswaadn

maSeuifisululaswans@nduunanungma (@179 3) WU e lulaswanadnlungun (27.89-
1,503.8 hm, #aie 270.44 pm) WRZOAUAY (42.13 - 932.06 Um, ALy 245.71 pum) Tiuandrsagnaiisaien
M3ghia (Mann-Whitney U test, p > 0.05) ualeniadglndifsani wdganInszndluggruniienii (Coefficient
of variation §4n1) FiiFundlalammadnumalwguazdndzluiuannni msm:mﬂé’aﬁﬂ%d%ﬂquﬂu
nafinanpasenunulunsinsves Naiji et al. [19] fdleside SeneanwingnnwedenfiuandenusInade
mMInszansamaved lulaswaadn

a13197 3 naSeuifisululaswaa@nfinuiuunanuggnia
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a9ma EIRI MINTTVIWIA TWIALRRY FIERY a dszianzas
Talaswanadn (Hm) (Mm) Talaswanadn
@waanlani)
qgtlu 413.33 + 151.44 27.89 — 1,503.8 270.44 Fragment, 1{71,'3%, PS, PP, PET,
Fiber, Film w178, 61, PVC, Other
1&, 1, 319
E]QLLRWG 1,013.33 £ 220.30 4213 — 932.06 245.71 Fragment, I, @, lﬁ, PS, PP, PET,
Fiber W Other

4.3 ansmzaaslalasnarann

1) Uszianlwdiwas (Polymer Types)

Naﬂwsszqmﬁﬂmaoiwﬁl,uas‘ﬁas_lm'%ao FTIR (gﬂ‘ﬁ' 3(a) LLazgﬂ‘ﬁ' 4) wudﬂwﬁma%ﬁwud’;ﬂmﬂquﬂu
ldun PS (Faeaz 28.85), PP (Faaz 25.00), PET (Fasaz 19.23), PVC (Sauas 1.92) Lm:‘é"ue] (30uaz 25.00) Yoaeil
quguﬁowu PP (3088z 42.86), PET (3088 28.57), PS (3088 9.52) LLa:ﬁ'qu (30882 19.05)NAN1INARAY Chi-
square test ugadlWiAWIIMINTzIBBRIdIzIAN NG IWeTUANdINUIEnIWEBIngMaetdTBAAYN9ETE (X2
= 15.8, df = 4, p = 0.003) lasda&I1UVaI PP Uaz PET Lﬂ'u%uluﬂ@uﬁa il PS 089 %uﬂu’i’a@;m%ﬁuaﬂ'w
unsnansludiadszdnin lasawie PP uaz PET ﬁﬁ‘ﬂwulum@ﬁwLLazmmu:miﬁg‘mmi Faganaiiaulada wal
LDPE ﬁ]:Lfluw:wmaaﬂﬁwumﬂﬁqﬂ (> 68%)1uﬁaaaaqgma wanavliwylulaswaradiniszian LDPE w3e
HDPE lusnatiadu vauziilulaswaadnfinudulnaidusiia PP, PET uaz PS Sadulndiwesfidumwiliuuan
fududngmmnainldhomeldanwnedaumeludedinauuss

2) FUgIUINYT (Morphology) ez (Color)

ﬁ'ﬂﬁm:maé'mg’m%m“uaa"lmiﬂiwawaaﬂﬁwuL@iuluﬂ%aamgma (gﬂ'ﬁ' 3) fia Fragment lagdigaaiuias
8T 63.46 lqu&lu WRZIDYAT 85.71 lquuﬁa anusY Fiber NgAsIUTaDa: 34.61 slquclu uaz3ouAz 14.29 14
N9uiI HAMINAFAY Chi-square test LaaIlilEUWIININIZBIBITFUIUINEIUANGINUITRINFBINGMABENT
fundaneaiia (X2 = 98.1, df = 2, p < 0.001) lag Fragment ﬁé’@dmﬁugﬁfﬂquuﬁa sl Fiber fidagmu
aaad ad19l3nd wululaswanadingdiauuy Fim mww:slut]@c\luwh‘lfu (awaz 1.93) Georadunaranmsld
Aduwanadnreamislutiingeu ¥iaft MIAWL Fragment Lﬁué’mgmﬁwm‘ﬁé’naaﬂﬂﬁaaﬁuﬂs:mwiwﬁma%ﬁwu
(PP, PET, PS) #adum liuuandadususinamaninleing

missnaansue lulaswanadnmaldndasaansreingaataimud (gﬂ‘ﬁ 5) WUANMNAAINHALDBIRUAY
FiERE I@ﬂlquﬂuwuﬁﬁuﬁu wana 61 1a 101 wezaia9 11w Blue fiber (gﬂﬁ' 5(a)), Black film (gﬂﬁ 5(b)) WAz
Brown and dark blue fiber (gﬂﬁ' 5(c)) daulquuﬁuwuﬁmw ¢ la uazin 1w Grey fragment (gﬂﬁ' 5(d)) N3
Lﬂﬁﬂuu,ﬂawaa%ﬁwumaazﬁauﬁaLma'aﬁmLLazﬂi:mwuaawﬁmﬁmﬁﬁwmaaﬂﬁgﬂﬁﬂuu@ia:ﬁm@ma

Wet ODry
Wet B Dry
50

(b)

B0
60 A

40 4

Shape Distribution (%)

20 4

Polymer Type Distribution (%)

PS(%)  PP(%) PET (%) PVC (%) Other (%) LDPE (%) HDPE (%) Fragment (%) Fiber (%) Film (%)

Microplastic Polymer Shape

311 3 Vl,uimwmaﬁﬂﬁwm‘i'lLLuﬂmquma (a) Yszinnuaz (b) FugIuINE
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= 77//\\»4'\ == el ,_,,ﬂxﬂj\mw
a). Polystyrene: PS .

b). Polypropylene: PP

% Transmission

). Polyethylene Teraphthalate: PETE/PET

d). Polyvinyl Chloride: PVC

3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Eﬂﬁ 4 nswwmmm’mﬁumaamﬁ:q"nﬁmaa"luiﬂswawaaﬂﬁa 81389 FTIR

y-axis
2 -
y-axis

LLENE S N B B B B B B N B B B B B B B B

7

34000

Full Range x-axis

33000 33500 34000 33000 33500
Full Range x-axis

20000

(d)

y-axis

19500

19000

LI B S S B B B B B B S R B B B e B B e e | LU B e B B B B e 3|
33000 33500 34000 33000 33500 34000
Full Range x-axis Full Range x-axis

317 5 Fugruinenlulaswara@niwulunisfinw (a) Blue fiber, (b) Black film,

(c) Brown and dark blue fiber, LLaz (d) Grey fragment

a

5. 85U518HAN13IY

a

= & a e A = o o a a a a
ﬂ’]iﬂﬂﬂquu’lﬂﬂﬂizaﬂﬂl,waﬂﬂﬂqﬂqiLLﬂiwu@]’]Nqﬂﬂﬁlama\?aﬂl‘l'mzLLaZﬂilﬂm‘ﬂiﬂiwaqﬁ@ﬂlu@uUSLme

q
& o

vadinauae: o gudIan1IVuzYAHaTINULLATLIINAT B3dnTUInIEIUIIniade laswSoufisuany
LANE9TEAIINGHULAZO QLAY HANTANINL T pafdsznavsznaEanda et sasaz 20.19 + 2.20 lay
LDPE LfluﬂimﬂﬁwumﬂﬁqﬂvmquNu (Fouas 71.57) Lazngual (3aunz 68.20) Ysmnalulaswanadndinulu
NQUAY (1,013.33 + 220.30 FudoAlansv) ganilungei (413.33 + 151.44 Fusanlaniu) adIlupEAYNIEDa

'
A

(Mann-Whitney U test, p = 0.014) LLamslﬁLﬁuimgmaﬁﬁﬂ%wasiamiazawﬂaﬂuimwmaﬁnhﬁu FUIUINYN

WuldnAa Fragment (qaHu Sauas 63.46, nQUAY Touss 85.71) uaziimaidsuutasadwidedmagniiaia
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JEWIN98BINQNIA (Chi-square test, p < 0.001) whavaslniwasfinudnlvafe PP, PET uaz PS laumsnszany
°lJadﬂiT:LﬂYlIWﬁL&la‘imﬂ@h\‘lﬁuaEi’]x‘iﬁﬁﬂﬁ’]ﬂuiyﬂﬁdﬁﬁ@i:ﬁ’hdﬁmf}@ﬂ’m (Chi-square test, p = 0.003)

Namaaqgma@iaﬂ%mm"l,ﬂmwmaﬁn wmmgmmﬂuﬂaﬁ'ﬂﬁﬂﬂ”ﬁgﬁdwa@iamia:awaﬂuimwmaaﬂ
luduuTnadadinavao: lasuTnalulaswasdnlunguasganinnanuilszunns 2.45 11 (p = 0.014) AW
wandsiisrafinanasufsuiasounansyszms lunquds anuuluduanad miﬁ;:mwaaﬁﬂg\‘l uazUIun o
won sanalwniszzdsvetlulaswaadneanandudvas Favildlulaswansdnazanagluduannniy wonanii
qm%gﬁﬁ'gaLLazmi"l,@T%uLLmLm@ﬁl,ﬁ'u%ulquuﬁaawLiaﬂszmumnﬁ'auamﬂmamymwua:mqmﬁmaa
wanaan mlvmanainamealnguandaidululasmmsdnldisrdu namsfneilsenadastu Mahesh et al. [10]
‘ﬁ'wuiﬁamwLn@ﬁauﬁuﬁmazﬁqmwnﬂﬁqmaLa‘%umsazamaovluiﬂiwaﬁaﬁﬂluﬁuu‘%Lamﬂaﬂaﬂau*‘u HE lquﬂu
ﬂ‘%mms]u‘ﬁ'gmaNﬂiﬁLﬁ@ﬂﬁ"ﬁ:éﬁdLLazmimﬁauﬁwﬁmaavluiﬂiwaﬁaaﬂaaﬂmﬂﬁuﬁaﬁuvlﬂﬂ'ﬂ"ﬁzuﬁuﬁﬁﬂ"fuﬁa
suvihldan sanalisunalulaswanadnisalelududuiagmu (15 ludwas) fandinin agnslsfiany msse
ﬁ’ﬂaﬁmaﬁalﬁl,ﬁ@mmwimzmwaa"[ﬂmwmaﬁngiﬁuﬁi@mauLLa:LmﬁiaﬁﬂnﬁLﬁm Fadud sifufinaslasy
ST PRI TPIERY

AuFIRREITnIsasRlsznavssswaaanuazlulasnanaanfiny Wudadunuiivinauls ual LDPE g
Lﬂummwmaﬁﬂﬁwumﬂﬁq@ (> 68%) luﬂgaaamg]ma uanau'linululaswaadindszinn LDPE w3a HDPE lu
dradn9dn vacfilulaswanadniinusulnaiduriia PP (Fouas 25.00 - 42.86), PET (30uaz 19.23 - 28.57) Uas
PS (fauaz 9.52 - 28.85) Faidunaadndiddadulusszetosnit LDPE s n anudaudsiianansnesungldann
qmauﬂ@mamﬂmwLLa:maLﬂﬁﬁl,mﬂ@mﬁ'umaﬂwﬁmaimwnﬁﬂ lan LDPE anudantugiuaznumusdans
uanaa elaanmrdessanstiniuazdasldiiawunitlumsuanaidululaswanadinamiaidn (<5 wa.)
Tumsaseriuga PP, PET uaz PS Sanuidszuisannndy Tasiawe PS fluandn'léditouss PET Maawsaale
Sraneldannasidussuaauazanuion liuandaidu Fragment di5ini1 namsdnenilganasasny Alva and
Thomas [8] Ae9uinsasmsdesaasvasnasanuandanwllausfievaslwiiwes las PS uaz PET §
wnluuandnduwlulaswaadnldisinin PE wananit mainduaas PET lutanguds (@ ndasaz 10.00 1iu
15.02 luvee uazaniaoas 19.23 u 28.57 lululaswaradn) axviaudsanusuwnsidsuinszninemsuslaeg
m’%iaaﬁumigm@ PET fndulugrsonmeaiouuazmsuandadululaswanadiniisanisives PET meldanin:
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Abstract

Today, countries around the world are aiming to change the traditional model of energy production that mainly
uses fossil fuels. Whether it is natural gas, coal, or oil, which is the main cause of greenhouse gas emissions into
the atmosphere, to the production of new forms of energy that do not cause environmental impacts, or commonly
known as clean energy such as solar, wind, water, and nuclear. Greenhouse gases are released into the
atmosphere in very small amounts. Especially compared to energy production using fossil fuels, clean energy
sources do not have all the advantages. Some energy sources are not stable enough to be used, and they may
require relatively high resources and investments. So nuclear energy is therefore another option for countries that
aim to reduce greenhouse gas emissions into the atmosphere or to zero carbon emissions. This is because it is
the main cause of the global warming problem that we are facing today. Small Modular Reactor (SMR) It is an

independent small-scale nuclear power generation system that can generate electricity completely on its own, and
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has many advantages, such as continuous power generation. It has no carbon dioxide emissions and uses little
construction space. It also has a high security protection system. In the future, it is expected that small modular
nuclear power plants (SMR) will play an increasingly important role in generating electricity from clean energy.

Keywords: small modular reactor; alternative energy; renewable energy; SMR
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Abstract

This study examines greenhouse gas (GHG) emissions in the compressor manufacturing industry at both
the organizational level and the broader industrial context. The objective is to assess mitigation potential across
the value chain (Scope 1-3) under ongoing technological transitions and evolving global market demands. The
analysis reveals that electricity consumption (Scope 2) is the largest source of GHG emissions in compressor
manufacturing. High electricity use in metal forming, machining, system testing, and continuous machine operation
contributes to Scope 2 emissions that clearly exceed those from Scope 1 sources (fuel combustion and refrigerant
leakage). Although Scope 3 emissions include embodied carbon in metal raw materials, upstream material
processing, and transportation to export markets, these values vary significantly depending on supplier-specific
data and supply-chain structures. A global market review shows that China dominates the compressor market with
a 42-43% share, followed by Europe, the United States, and India. Each region is rapidly adapting to environmental
regulations and low-carbon technology requirements, which directly influence the competitiveness of Thai
manufacturers within international supply chains. On the technological front, key mitigation opportunities include
efficiency improvements in inverter compressors, adoption of low-GWP refrigerants, advanced engineering design,
and comprehensive energy-management systems. These measures can collectively achieve approximately 20—
38% emission reduction, with the most significant impact linked to reductions in electricity consumption—therefore
directly targeting Scope 2, the highest-emitting category. From an industrial perspective, the compressor sector is
considered a “fast-transition” industry compared to heavy industries that depend on high-cost decarbonization
technologies. As such, it plays an important role in lowering organizational carbon footprints, enhancing
competitiveness, and meeting stricter environmental requirements in export markets. These developments also
support the long-term sustainability strategy of Thai manufacturers as they progress toward Net Zero targets.
Keywords: Carbon Footprint of Organization, Life Cycle Assessment, Technological Transition, Carbon Neutrality,

Compressor Industry

1. UNI

q@m‘miimamLWﬁaLsﬁairLﬂumuﬁ'm”mumadi:uuﬁ'lm’mLﬁumfwﬁhmuﬁmﬂuﬂi:mm%sm: 20 2849
wagaulan [1] ﬁﬂﬁq@lmﬂﬂﬁmamwmma%ﬁuwmwL%Wﬂ”zy@iamnﬁums‘uawﬂmwgmﬂumﬂq@]mmm’iu Tu
ﬂ's:mﬂvlmU@]m@qmamﬂﬁuﬂammmma%ﬁmnaﬂmmﬁaa 1) a4, 2023 Nds0anAaNLWIELTDS 163.68 811
Alansy Aaudusasaz 5.25 vasaanalan LLa:ﬁLLmMmauI@ﬁ%L%dﬂ%mmuaxyammm@iuamm 12, 3] atidlsh
anumstavlaitinansznunansda laud ﬂﬁiLﬁuqamauqmwgﬁIaﬂ MIgRRITaIuUILENTY L8z MILRNAY
JULTIVIADTTINTG (FuTTLLRnALazRILIaRaw) ﬂ’mﬁwms:ﬁunumi@‘hLﬁuiuamﬂmmmmmsmiﬁ'\
ATuauIzninglszing CBAM (Carbon Border Adjustment Mechanism) Iud @.4. 2026-2027 (@T’mtﬂiﬂgﬁ%) Wae
faNaGaAIAN NI LLa:mmLﬁmdﬁﬂuqmnwwiuszﬂ:ﬂwa (FUFVNIWUALFIAN) [4, 5, 6,7, 8, 9, 10, 11]

X nawawmaluladaasiwssgefuaznalivdpdeiniawiadunalndary WWaaan13Usag
faIeunszanvasningaainnssy Holdglzneumsluiildgdmuainnsoudsrulaluszozaniniold
M1ATNNIANUIUSERIUSEINA  FoanapInURINENIWAIMNS 8% (Sustainable Development Goals: SDGs)

1éun SDG 7 MM DINRINUFLNN, SDG 9 miw‘“@umimm%aﬁugm qmm%ﬂﬁmmzui’@mﬁu, ez SDG 13
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ms%’uﬁamsm?iwuﬂmamwgﬁmmﬂ [12] i'auﬁ%mmmsﬁnmLﬂ‘%ymﬁsuL%ai:uuluq@mwmmﬂaustmsnas’
yaglny SeduAnmmuninnwisefiietastunsdanddesfmoSaunszanvasneuinsmaasdszianens 9
L‘U%‘U‘uLﬁmuﬁ'ﬂslm‘wmm@m‘sﬂﬁiawaamﬂiuiaﬁluﬁaqu"’uua:amﬂ@ w‘i"aLﬂuﬁagaaﬁfum&umimﬁﬂmhu;jmw
Lﬂunmamam%ﬂawaamﬂqmmvxmm [13]

2. ﬁmqﬂszaoﬂ{maomﬁﬁ'ﬂ

uwmmﬁﬁi‘mqﬂi:mﬁlﬁa (1) mew,l,a:é'(aLmﬂzﬁaismﬂimﬁ'Lﬁm‘*ﬁmﬁ'umiﬂﬁ:Lﬁumifuauv;lmw"a;uﬁ
VIgAMNNIINABNINIALTES lasdTauwaninsdszidunisddesfmaunszannnaiwispluszduamnauaz
Uszinelng LﬁaLLammwsauLLazLLmI‘IIaJmiﬂdayﬁ”m%auﬂszﬁmmmq@]mmﬁuﬂamwsmﬂja% Wae (2) AR
wazspuifisudnanwasanaluladneuinsamesntisaanislsas oS ounszan WiouLEHaLWINILTING
quﬁﬁaaﬁfuagummmm”uQ@lmvmﬁuﬂamwsmmas‘maovlmzfl,umil,ﬂ?iﬁumugimwLﬂuﬂmommﬁuammzmi

wistnluaaalanagnasatiu

3. 1a30sfiauasdznsainnIe

d’m%ﬁﬂﬁl“ﬁlm’m’m N1INUNIWLTIT2UY (Systematic Research Synthesis) L‘ﬁai’m‘i’m ﬂ?ﬂuiﬁ’]uﬂ’l‘i
LﬂﬁﬂumumﬂhiaﬁgimwLﬂunmamami’uauiuqmm%mmﬂamwmmﬁ Tagdn989uuIn19 PRISMA
(Preferred Reporting ltems for Systematic Reviews and Meta-Analyses) [13] Lﬁ alAn1saataandnuisuiainy
sl uszasrasauldmonsinue n da SInUIsuaNITNMs aait

3.1 M332YI IV (Identification)

YNIRUAULANEITIINGIWTDYATTINTNAN @A Scopus, ScienceDirect, SN Applied Sciences kay
ResearchGate 711 MIsguanwisnuiisites laslddamdgninme Inwszmsdsnngs laun life cycle
assessment, carbon footprint, compressor, carbon neutrality, greenhouse gas emissions, compressor technology
efficiency [14, 15] asouARNT9T A.¢1. 2015-2025

3.2 N13AANIY (Screening)

ﬂ”ﬂmmLaﬂmilﬁmﬁu@mﬂizLﬁuﬁaa@ﬂﬁaaﬁm”mqﬂimm(VL@TLm' (1) wwanmenvdsziiwnstaasnng
L%auﬂsmﬂmauq@m%ﬂﬁuﬂaumeuna'jfﬂgﬂuﬂs:mﬂvlﬂmmx@mﬂizmﬂﬂsJ510'5\1°1Ta§amﬂLaﬂmsﬁmﬁaami
ﬂiz‘*gﬁmmsmmmﬁ:h@hUﬂamwa‘mﬁna% 5'1U{nm’mmiﬂsxqummmﬁdw@‘ﬁUmmﬁnﬁﬁﬂumﬁﬁ'ﬂwﬁamu
§2070 TBIUEIUANNSITUVBIUENLAT 09U TN AT TN mamu"ﬁagaa’maaﬁmsu?msﬁ’@n’mﬁwﬁau
N523N (BIANITURITY) WAL (2) mﬂIuIaﬁﬁLﬁUaﬁaaﬁ'urw']ia@miﬂa'ayﬁ”wﬁaummnluq@ammm
ADNLNIELTDS LL&:@”@“?T&Laﬂmiﬁvl,ajLﬁmﬂ]”aaﬁ‘umﬂqmmmima:umema%ﬁ%avlajﬁﬁagaﬁmmia@miﬂa'aﬂ
fMoSaunszanlasasiaan

3.3 N13IATVADUAMANLIA (Eligibility)

Uzl ng NIWLAZAUANIZENTBILANENS lasaawdn: mu%ﬁ'ﬂﬁmumiﬂiztﬁﬂQﬂ;\qudqmg@ﬁ (peer-
reviewed) LAZI18IIHANNBIANTIZWINIUTLNANT AU mqwuﬁﬁﬂﬂWiﬁwugmaﬂﬁﬂiiuﬂmJLWimma% WRII
wIanysn tnaluladuazioiSeunszan uazAnaen: Laﬂmsﬁvl,ajmminmmaauuﬁagavl,ﬁ wIatduaua
ﬁaumﬁauﬂdﬂﬂmajL%auimﬁ'umiﬂa'aﬂﬁ”wﬁaum:'«mLLﬂ:ﬂﬁﬂ%’Uﬂﬁ;\aﬁwumﬂIuIaﬁmﬂaq@lmv\mw
AaNLNIELTDS

3.4 M3a3UuA (Included)
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FRUARUNANIINNTIEY warnlounsmumsaammiSeunszanliaeanaadny SDGs

359I (Identification) NN TRV
grudioyaizIn1swan (n = 143)

o e A& . &
AALADNIUBIAYK (Screening) DINNIDULUDOW

a4 e
gt (n=103)

avdauAmENLA (Eligibility) Sauisoilal

AANIHNMIAAITN (0 = 70) Weadasananmdt

ATUHANUNIWITHITENTITzUL (Included) (n = 24)

311 1 10383iiauazATmIduiumMIMuNINUITBLEITTUY

4. HANSANBIIINIVY
mnmwumuuazé’aLﬂﬁzﬁ'siimﬂsmﬁlﬁ'm"ﬁaaﬁ’umsﬂsnﬁuﬂﬁuauﬂmw%uﬁmaaqmm%mm
AONLWIELTDS
4.1 mMTIanzianaInn1slaaufTISawnIzANAINVaULYA (GHG Scopes )
fFaawn1sUaasmaiSaunszanvadlssnuaaNinIaas widaantdu 3 vauLaanan tauwn Scope 1,
Scope 2 Waz Scope 3 Toudaz Scope ﬁLmﬁdﬁ’]Lﬁ@]LLaxﬁaHaﬁ‘ﬂﬂ‘iiN (Activity Data) fuandsniu lagfuanszny

danstaauinmSannszanluaaain bilvinn

dndgrun1suaasfnizaunszan (%)

20-30% ’

m Scope 1

m Scope 2

Scope 3

n:' ) ) o A P a a
;5]1]‘“ 2 gaFIwNMIUsasiNwIannNIZaNn E'ﬂ‘n 3 ﬂﬁzu'ﬁuﬂqiwfﬂ@]‘[i(ﬂqi

AARNNTINADNINIFLTDS [16. 17. 18] AaNLWIELTDS

31n3U7 2 wudndasdiunisdaesan Scope 2 gagaatIlnpdrany axiauliiAiuirininlsly
nszuunIkAanamwssireiidugaingavainmiddesimSounszan lssnudesldiatasansanuuingngs
daitad 1w ndY 1387 auTy uaznasey (FUN 3) MlATWALdudununasunan [16] 6amtu M3aa Scope 2 39
Foa3 AN ENENWNAIIUDEILATRITNT A0 Idle Time USuiljanszuauminia ldwasinuazena uazlidaya
6 : & A 2 v = a ' rd
anuaunanIuiiiasianaldlioudmsudadu (17]
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Scope 3 1998931 I(ﬂm%’mlmy’mmnms‘uauﬁaﬁ"ﬂu'ﬁ'@qﬁuﬁuﬁw laglRNILLARNLAZN2ILAILTZN I
20-30% (;sﬂﬁ 3) Tinflansruasiagdu [18] munnaa ldiunifaniagadianinzan myldlanssloda
waznIuIMIR sl ugen S'fioLﬂummmséhﬂ“'nﬂm:ﬂ:ﬂmaﬁai:ﬂ:ma

Scope 1 ﬁé’ﬂmuﬁaﬁﬁqm Lwiﬁmml,ﬁmﬁmﬁlaLn@é’auga 1 st i e anasnn s navasans
¥inaanuLiin 95 GwP g9uIn [19] w3 mnisdaagazdn Lwiwam:ﬂmiaIan%au@ia%mgga F90091A
ﬂ’J’]Nﬁ?ﬁ@/ﬁﬂﬂ’]iﬂ’mq&m’ﬁ;’ﬂ%aLLazfﬁiLﬂSLIuvLﬂl“ﬁﬁ’]iﬁ’]ﬂ’ﬂ&lLﬁuLL‘LJ‘.U Low-GWP

Imagﬂ HANNTILATIZWNT 3 Scopes F31 n1saansUsagegnedlszintandasdiiinnisnidin
waluladuaznsusnnssans laua 1) Lﬁuﬂszﬁwﬁmwwﬁ'\mmmzwé’amw;qmnf'mmﬁaa@ Scope 2 (RTLEYH
SDG 7 waz SDG 13) 2) san13an3vnanutfuuazannissaluaiiaan Scope 1 (FanAfadny SDG 12) uas 3)
w“'@ummﬂsﬁqﬂmuﬁﬁmLﬁaa@ Scope 3 (A%UAUYK SDG 9 UAz SDG 12)

4.2 NMIAMNLHATIUNBUFAEIBIIITINVDIABNINIALLAS (Life Cycle Inventory Analysis) 11

nsdasynizisawnszan

dadaunisuaasuasnaansalnas GHG (%)

120

1. msaiadaniy (Raw 2. NSEUIUMISHER 3. szuzmslenu (Use Stage) 4. msdam

Material) (Manutacturing) 17 (Enc-

31 4 dasInITInvaInNINTELTRT 21, 22, 23, 24, 25]

9INNTINT 4 2933530 (Life Cycle Assessment: LCA) °11mﬂammmma{mamaqm%LL@i MINAaIanau
(Raw Material) LT LAANLAZNEILA %dLflmma'dﬂa'aslﬁ'lsm,%aum:ﬁm%é'ﬂLﬁaamnﬁﬂﬁuauﬂ{lﬁaga 1auWaINY
wandildlunmsnaaldun diufin fMassumd waztiiudy Aadudasulszanmieus: 15-20 2a9msiaassn
A88A995930 [21] #BNNABNITUIUNINE® (Process/Manufacturing) 7ilg Wi U5 aunnluduaaunisnas aUTL
uaznasay #Inalnisldaslu Scope 2 vaslssnuiduunasgiga Aadusonaz 99.1-99.3 vasn3ldwasnu
vawua [22, 23] Snnasadinisusasanmasalwasassyienudulussuunasey [24]
unniszazmIldim (Use Stage) 1a9gu31lna ﬁal,ﬂm;@ﬁﬂdaﬂqaﬁq@ laadnslgiWigsds 70-80% Wlagan
AONLWTALT S aIrinudaLiias wgof:miﬂ%’uqm%ﬂ“ﬁifmﬁm 1°C sWsaaan1sdaas CO, 163172 6.37% @9
szviauflaunuindagzaanaluladuneiinesuszwndnisuguilae (23, 25] #3unn3rida (Disposal) uazizes
gatuaIn3lE1u (End-of-Life) Fuunu1aINM 3 Inasasm e uidadnsnnlunsriang s
laleru (ODP) uazfin GWP g4 uiinansznue1u Climate Change axfigasaudnann (<5% vasfasaunszaniin
A88A1993T30) uanndnsanisadnaduszuy 1w m3slmdalane azsusnaansassiintfnnazaiig
Iamaﬂlamﬁiﬁgﬁwguﬁﬂﬁlﬁ (Circular Economy) [23, 24, 25]

Fatiu 1M 5N TU 08 A B30 UNTEANU0IIIAIABNNIFLTES WU TIINTZUIUNITHAAD B

& ' : ,:' @A A = a & a &
ﬂamwsamasmmmmﬂaawgamwuau Luaamnmswawﬂﬂﬂwﬂsmmmﬂ I@]UL%W'KIWU%@IS%T’]’]?NRWD’%GW%
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d' 1 v Ai 1 1 v =S o s = a z:i' a
iWasTsznauuazMINAREUYNLATDINaUEINE Y sevandsanuindulunisnamime lulagnsnaandsznga
WRIY MIANYTEENTANeILAT09NT LLa:mmJEiﬂuvl,ﬂlﬁwﬁ'&mumwﬁ'm‘tﬂiamu WaTuaansUaasing
SaunszanlunszuIumInga la

4.3 ANYAINNIAAATII LWV DIADNINIALT DI UAAZ AN
a o ' o = . . & A
nmMsUssiliuta 4.2 Wmﬁ:ﬂ:mﬂmmmmmmmiﬂaaﬂqoqﬂmaaﬂamwsmsﬁas Taganiz i
\N87897U Scope 2 7848941A8 Scope 3 MNIAYAVUILNTVES Uz Scope 1 ANNITII ARVBIENITINANNLT U
AIBUNITAA GHG FILunITANYIEENTANNAIN LA ITENTYINANNLE W GWP 61 1 3% Sunaﬁmﬂsm?@ﬂ“ﬁ
R32 a@"lﬁgqq@ ~38% WANITNUARIALOLTE SIUALATAAA LS ~20-35% LFAUaIANS ﬂamwsamas‘aﬂga@ ~15-30%
1%%@]&’]%?’]53&1 ULAZANFUAN ~10-20% HIRIUWTIETIANG a;ﬂﬁamﬂiuiaﬁﬁwuwé’ammmzmsﬁwmmLﬁuéwﬁ'ty
Iuﬁﬁlﬁ;u”u mmsﬁmiw”@umsﬁ'wwmalLmuLLaz%'vlsmﬁaLﬂummmii:mm';Lﬁaﬂ'swﬂ'ﬁﬁumaaq@mwmm [26-29]
~ (% I3 I3
4.4 walwladuazuianssnlwnisanasuansasnaunIasas
msa@msﬂa’aﬂﬁ"’]ﬁﬁﬁaummﬂmaaq@mvmﬁmamwmmﬁmmmﬁﬂﬁ%mmmea NINM AN TERNT AW

WRIIW 1T sNA NN UL T uIasdaRIIARDY @aamumsﬁ'ﬂmﬁ@lqﬁuLLa:wé'\mquuﬁﬂmﬁLLamgﬂﬁ 5

5-15% 10-20% 15-25% 10-94%
Scope 2 M580 GHG

iiffoniign (35-37]

Scope 1 N198@ GHG Scope 2 11589 GHG
fAmday [33] , [34] figfiny [20] , [29-32]

Scope 3 N198@ GHG
wnign [38-43]

!

MIDANUVUUATMIHAN  @151ANLT% Low-GWP maluwladdinafinad  MsvamIndsnuuaziag
gy (CFD/DOE/AM) e (R32, R454B,R1234yf) (muqmaunﬁmmu@m (Waste Heat Recovery Wz
AANISELEINAINU SAGWP wazmsiilna 13333 L3 COP) Gircular Economy)

P Py v a ot 6 2 e
z‘ﬂ‘ﬂ 5 m‘smaaﬂm LWINWNATUEN ﬂI‘HIﬂ HURSANHNINWNIIRANIIY auvﬂmwmﬂ

nngUit 5 nuirnaluladdunefinefiduinasmsiillsleiud samsgaidvanmada-Da vt
COP %788@ Scope 2 18317 15-25% [20], [29-32] 813¥1NANLTH Low-GWP 131 R32, R454B HreaanInsle
WasomuazmMIsalna (Scope 1) I6 10-20% Taanwuinmyaala (vapor injection) s COP & 4.3-4.4% [33], [34]
Advanced Design 114 CFD/DoE ﬂ’li"ﬁ'@m’iqmﬂgﬁ twin screw LAz motion efficiency 484 scroll TAURAWRIITHA
5—-15% [35—37] izuuﬁ'@m'swaﬁ'\‘muﬁa i WHR 14 oil-free screw compressors hanuaunauanltle 90-94%
W&z Circular Economy 8@ Scope 3 laatnsfivaian [38-43] a’gﬂLmeaﬁLﬁuﬂizﬁﬂﬁmwwé'amumaiﬂ,fﬂ‘ntTm'i
acﬂmiﬂﬁiaﬂ’ﬁ'sﬂfamﬁﬁé’@dmgdq@ §aandad SDG 7 uaz SDG 13 YazAianTvAuLdu Low-GWP uasns
M TIFEULUEU SDG 9 Uaz SDG 12 daLa’%umimﬁﬂumug}qmm%ﬂsimawstal,snas‘ﬂﬁuam‘hasmﬂ"aﬁu
4.5 nstﬁﬁnmn’mﬂﬁlzlmi'me’\"mmﬂfufaﬁ‘luqmmmmiuﬂauL‘Wiamm‘
mmJ?iﬂumm‘ffmmﬂIuIaﬁluqmaW%niswﬂammemaﬂmﬁmmﬂa@msﬂdaﬂﬁwﬁaumzﬁm UEPININ
T,amamaqiﬁﬂmm%ﬁmwﬁmﬁmﬁ e uaevialtaUmu wamaedindy 1dun milduainaBuneiines tilaan
WaIINWLUTE9 Use Stage f'ﬁaLﬂuLL%mﬂﬁiamﬁuaugaq@ LLazﬂ’liLﬂalﬂuﬁ’liﬁ’]ﬂ’n&lLﬁuvl,ﬂgjﬁﬁ@] Low-GWP #38
a3533ud ldur gl uan Daikin waz Panasonic Ifinaluladduefinesiuiu R32 FaudNAITIE 1990

"ﬁ’]ﬂﬁﬂﬂ’ﬁl‘lﬂﬂﬂ%ﬂaﬂ 20-30% @aacﬂmqmﬂ‘*ﬁmu LLﬂZﬂ(ﬂﬂ’Tﬁ'ﬂﬂlE}Elﬂ’ﬁf'ﬂauﬁ]’)ﬂﬂ’]’i’%”ﬂ%ﬂ“ﬂﬂdﬁﬂiﬁ’]ﬂ’l’]&lLﬁ%’i’]’l
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67% Wilalfisuniu R410A wananiissairsseldannnisune carbon credits lagtanizluaanatedy—ud§Anad
darudulags [16, 26, 44], ylaul: Bitzer unz GEA Group wannaluladfldmsvinanuiussinma saaados
U EU F-gas Regulation mstlasurnuiitisaadnaniwmsnelanfauannasrinenuiiuwiouranue snvisde
aaalniauuIn1IIuTINLast loidassviiaudu akuauu circular economy uazitnany Net Zero 184
European Green Deal nuiluil 2050 [30, 45-48] Tuuaziaifoaziusanideoald: fudalng 13u Midea uaz Gree
sanuluduiiefinainaninssmaiuaz R32 aen9RaLiie aan3lg iivesduilnadiwanann wazdisaanis
Usapasuanszaudszing wiowanlonalunsnagsoantiiuaain Energy Star Wz Carbon Label G91&5x
anuEIInussTwluewiag [49-51] annIdidnmwuin maasuinuswnaluladnuiuduinefinesuazas
vauiu Low-GWP iuanasmyddniiaanisUsesasuen a%wga@mﬁ'u WA R FBULATHININY UL
ﬁuﬁ%mmauauaa@iaﬂgﬁmmuauﬂmmsmmﬁ'ﬁﬁmz@?’umﬂa
4.6 mstﬂﬁlElmi'mé"mmﬂfufaﬁhmaqmmwmsu

miLﬂﬁﬂumu@TﬂuLmIﬂaﬁlumaqmm%msmamwamma%ﬁmﬂiﬂaﬁﬂﬁuauﬁwLmﬂ@mﬁu@nuﬁunu
A1 UAzAUWIBNVBIRIANTINGARINNITNABNLWIRITEFIALTUNEGY Quick Win aansaaansUdasing 20—
38% luszozamrnunslesuuaunesines a3vianutdn Low-GWP uwaznsaanuuudszaninings laolisas
amuimaai”wv’ﬁrugmlmj [52, 53] lumiassdnu gamnnswyudiuuduazinin daidungs hard-to-abate sectors
I NI DBRANNIINNTZLARM TN U @Taomﬁ’ﬁmﬂiﬂaﬁlmjﬁﬁﬁunugaLLa:WLamwvwm L% NIAN
Juasueanuazlalasian [54, 55] aaawnIINBIUBUG ulANBNINAANIIURBLEY 25-50% mumsmﬁyuvlﬂ;j
T0aud Wi LL@iﬂ'@g}ﬂﬁﬁﬁ'@@T’Jmm\ﬂsﬁqﬂmml,a:mwﬁwmﬂﬁﬂuf@]qamm:mmﬂ"\iﬁu [56, 57]

4.7 aanaAaansalgasnun1sdaaafwiSannszan

ﬁumaué’@dm@lm@ﬂauLWiaLfnaﬂaﬂguqﬂ 42-43% i 2023-2024 LLa:Lﬂuﬁdaaaﬂﬁu@Tv%ﬁu uLde
wulaads 6% dafl plyddszunm 20% vasaanauiuinaluladzaandas European Green Deal uaz F-gas
Regulation 34334 ﬁ'cg@LL‘I‘T@@TmﬂauLWiaLsnai(q@]mﬂﬂﬁuLLa:mﬂIuIaﬁmguga [57-59]

gnsulng wiasadnninau udiivladeiio Qa@hﬂ 2023 U3zN104 535.3 A uAaaaN3 Maldula 3.7%
dofl naaLRaRY 7.1% doll (2024-2030) aaand 2023 a%i*ﬁ' 163.68 sunn. maRudu 187 sunn. lud 2028
AaNanan o KBoauwy dulds wazdulailide I@ﬂﬁﬁwﬁml,az;jdaaanﬂ'h 865 318 [63—65]

mafivdusasmIndauasdsaaninossnadansdas GHG H Scope 1 NnBaNALaz T lvaanT
¥auLEn, Scope 2 M INRIAININ A TTIIT Buaztuiin, uaz Scope 3 anaiuaudsaalulansuazmsan
salUnanagsaan (~80% maamidaaaﬂvﬁmm) [60—65]

Ll FAnATeINAAFs LT uuazdudsgiRaninasinunoada wan@ganglaluazanizs i
MW@EEW%?GLL?@ﬁQNLi&N’J@ L% European Green Deal, F-gas Regulation tLaz CBAM [66, 67] @”@fuﬁmﬁm%n
dududasamuwnalulabusz@ninings 1iu dunedined nauwsssaiaasdWs uazn1saanuuy CFD winuna

qwﬁ'@msm%uau LNEINHIANMURINITOUITBUREROAARBINIANS carbon neutrality [66-68] @Tmamsl,ugﬂﬁ 6
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B0% WA . .
° 55% liwdsom  50% LW

. aadads , - -
55% viwllh s, szaags walans  MINHEETIUIG
. . - unan ) -
fuALLA A TTsUTE WAMSTHAIF uRsTA
M Bnfie gl Tng
42-43% D@ lan inlatady 6%/ 20% 1p3ARIa AN 535 Auaaaas (2023) 1iula 3.7%/4
(2023-2024), fidaaan amalng naeifindaiiog aluladnia HRALRNT.1%/T (2024-2030)
dusi 1gmumsaEalun dunus Green Deal 1az F-gas duda/ssnan 865 sluanfou
3 U auy
% fnanIwas GHG % fnanwas GHG % dnumwaa GHG % dAngnwas GHG
15-25% (Inverter, Renewable) 10-20% (VSD, Solar Integration) 30-45% (Oil-free,Renewables, 30-50% (Inverter, Oil-free, CFD,
[57-59, 66] [57-59, 66] Eco-design) [57-59, 66-68] Renewables, Recycling)

[60-65, 66-68]

317l 6 maenlsiaaananinIses wazANEAIWAa GHG lasimaluladnan

5. A3UHANIIEIATITANIVENTIszUL

wamiﬁnmﬁﬁﬁﬁu'jwmﬁﬂsxLﬁum‘?'uauvjmw%uﬁ’l,umﬂaqmmvmssuﬂaustalfnai‘ RIUTORZYVI O
MwsInvasmssesfmiannszannsannmslenasnuanminialulsenn (Scope 2), mMslEidondsuaznns
7 lnavassnsrinnuLin (Scope 1) LA TUauAIAINIANAUUAZNNTUUES (Scope 3) I@U"ﬁagaﬁ”lﬁmnms
NUNINLEITEUUEI1 Scope 2 Wuundsddasgiganaslssnu waé’wfﬁa:ﬁaumwﬁ%ﬁﬂ”{gqlaanﬁu'%miﬁ'@
MINAIBUIEMNITIIN UG IBNRIIUFZDD mﬂa‘i’ma“[uiaﬁaunaimaiﬁm:n’mﬁ'@ﬂ'ﬁi‘mq@uE'%Lﬂm‘ﬁ'Lﬁ'mLﬁauﬁu
ms"L@Tm%a’S’@lqﬁummma@msﬂ&iasﬁ”washaﬁﬁfm%m”mu °um:ﬁnwﬂ%’uﬂ;om:mummﬁmLLaf:mi'%"lSmﬁamﬂa@]
Scope 3 uazailamaluiiaarsgiamywio

mﬁm’m:ﬁm%ﬂuLﬁUUS:MNINM%LL@:E&j’wﬁmim:ﬁun‘]ﬁmﬂJ{l%‘lﬁLﬁu'ﬁﬂﬂﬁamuiumﬂIuTaﬁ
UszAnTmwgiuazmssanianiveuweanduszuud HAAAINLEENIN WIATNNIMTENASDaUsERINIL TN
(CBAM) uazaiuauuanuaanInuistusasgnia insluamalan wana Nt wansansdenlsotnetatauiy
hwansnswamfissin (SDGs) lagiamnz SDG 7 msldwasiuazana, SDG 9 NI fgamnnTIN WiAnTIw
LLa:Imaai”']w'fugm wazsig SDG 13 mi%'uﬁamimﬁ'ﬂuuﬂmamwnuﬁa'm'm vhlvgsaldinmssansenuaulu
iz@]”umﬂq@1m%miuaaﬂﬂé’aaﬁ'uﬁﬂmamsw”wms:@”ﬂaﬂ LLa:mminWLﬂuﬂiauaﬁum‘sun'ﬁﬁmﬁulm%maqﬂf

284 ;ju’%mi"l,@”'éﬂﬁw
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Abstract

Energy is a fundamental factor for economic security and quality of life. Since humans began using natural
energy and gradually transforming into electricity and fossil fuels, electricity was initially used only in urban areas.
Currently, Thailand has a nationwide electricity system. Power generation technology has been continuously
developed, starting with diesel generators, boilers, coal/lignite power plants, hydroelectric power plants, combined

cycle power plants, and the development of digital technology in smart grid systems. The main agencies responsible
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for the power system, such as the Electricity Generating Authority of Thailand (EGAT), the Metropolitan Electricity
Authority (MEA), and the Provincial Electricity Authority (PEA), have collaborated to manage the efficient production,
transmission, and distribution of electricity, as well as promote electricity use in all sectors, from industry, services,
transportation, agriculture, to households. However, Thailand still faces challenges in energy security, food security,
and national security. The transition to renewable energy, including solar energy, wind energy, biomass energy,
and biogas are to response to climate change. The government has supported clean energy, green energy,
alternative energy, new energy, hydrogen energy, electric vehicles (EV), and community energy development such
as waste to energy, etc. There are tax incentives, investment, and electricity rates to support the private sector.
And has drawn up the following energy development plans: 1. Thailand Power Development Plan (PDP) 2.
Alternative Energy Development Plan (AEDP) 3. Energy Efficiency Plan / Energy Conservation Plan (EEP) 4.
Natural Gas Management Plan (Gas Plan) and Oil Management Plan (Oil Plan). All energy development plans are
to prepare for the goal of carbon neutrality by 2025-2030, moving towards a bio-circular green economy for
sustainable national development.

Keywords : Climate Change, Carbon Neutrality, Electricity, Renewable Energy
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Tl 2441 §nrssassvsuniuiiusnvesing: vssnursnendldanninlariduaiaa (Bangkok Electric Light
Syndicate) 318 lWvanurasaunuazaawiinmms dedeunlalanfanisliny usenlwdhseny (Siam Electricity
Co., Ltd.) l#dnfiunrsnanisindnse idulselwiiwassuainusau ﬁlﬁwi’mwyim: AsslWiaden) Tud
W.61. 2455 WIZUNANLAINTZRINYINA LT8R Gonad 6) ldlusanan o aelsslwindn Asuan 5u
Smiolihaoudd w.a.2457 Tagledain mslwimansmuau dufivmslugszmndsd agansldnsniugy
ya9nsznsrumalng uazdennlaasuderin naslWimarssuian IWdszmouluvanszuasuazsuys &
Wi g ruwegnantr9ns Teadningauisuieseulunsine Wi de v5EnlWihasny (Siam Electricity Co.,
Ltd.) uazdaunasWimarsmuan iwasns I ldnulsemnam vinunaulduazaauiniiozasnnainnidinuas
anasuanantion awiey warlull we. 2407 Sgunaldeenwiznannuin daas padm s lWhdunine I
agludsnansulosunauia naznysamang

2.2. gamanawlsi Infhszauszing (w.a. 2500-2540)

w.e. 2501 Saunaleszmensznaiyad mylwiuamars (nWu) Fadunismunueifians
Iwinganwy Aunasiiwarsmuiewdidnu lasdvevalunsdewdsnulwildiogduilnaluae
NINNARIUAT wuny3 uazaynIdins lud wa. 2503 lddszmansenolyga mi"LWﬁ'lﬁhugﬁmﬂ (nnA.)
Lmumﬁmi"LWﬁWmuQQmﬂ lﬁu’%miﬁ'uﬂix"mmunm‘i’wi'ﬂﬁ:mizmﬂ smLi’uluLmmgamwumumua:ﬂ%umma
fagluanusuAaevsas msliuasmans (nviu) uaslud we. 2511 TdUszmensznadggd mslie
naauwslsznalng (nw.) Tassawassnisinda i laun nslwingug (nWe.) nsanlud (naw.) uazns

Infaztueanidoanie (nw.aw.) TAsrunuwdunihsnudeins asudlul w.ea. 2512 Wuduan [5-7]
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3. walwlagnisudaanasewindr lndszinalng
3.1. gALSHA (W.61. 2430-2500)

Tugraduaarssed 20 Smsldlninlunszusumnosanduaisusn nande laalWshiuuan 16
wnasrindiesiuuylasin (Steam Engine Generator) lagld lfuazdnuiin iwidoinds Sissnaavmaian e
usaminaluiuiisine sramasssnmalanasan 2 ISGVLWWWﬁﬁﬂ%ivl,@ﬁl_lﬂﬁMLﬁf.l‘ﬁ’]il’w]’mﬂ’lﬁuﬁﬂ wasuillums
NAANTZUE WK ﬁl,%'uwmmmzﬁim'lga Solddnmmasuaanszuaiin annsiman 9 waeimatmalulsd
Ind 9 anl Swnunmsdivdysdszaninnzesnalulabiay flsolwiwssdiamnaisn 1w fg1as waglud
w.et. 2500 3uiimsaslssIiwaasnuin mmfﬁlaunﬂﬁwa AIRIAANN

3.2. ganawlss Wi wasausan (Thermal Power Plants)

SUAIUATIINAITIE 2500 T ﬁauimﬂn“ﬂwﬂ'ﬂﬁﬁyaLwﬁoWaaﬁTja: faufin wazinduian
ialulagnanals unsdalesin (Boiler) uaziswilouin (Steam Turbine) Isﬂﬂﬁwﬁéﬁﬁnﬂuqﬂﬁwuﬁ T39lnstn
vadznauaslsslwinszuasle uaslud w.a. 2503 FlsolWdnduduanlud Asnnaudiung saniasitne uad
UszinSawen iasavan1iz aanslsesioanivanlasenlod ussindszaninin Sasudinsunaluladiu
#ugzena (Clean Coal Technology) altuaanszualnin

3.3. EJﬂIiGVLWW’IWETGﬁ’l (Hydropower Plants)

Sudulugadorrunssiadausmalng cl,**ﬁmﬂiuiaﬁl,ﬂﬁlmuwﬁ'@anuaaﬁmaqﬁmmquﬁ'@ﬁu
(Turbine) WNanianszualnin 1gu L"ﬁ‘aun“ﬁwa (W61 2507) uazidlaudsng (w.a. 2510) L"fi'aun“ﬁwa Sunda Wil
Tl w.a. 2507 Sonszualninldnussmialumemniiauaznianans 1u 36 99wiae TrsaatyrinTlsasuan
ﬁunumiwﬁmﬁw uddasldiuine uasiinansznudaszuuinmiangannmssodon

3.4. ﬂqﬂIiﬂWW’lwﬁ'ﬂﬂ’n&l%ﬂui’m (Combined Cycle Power Plants)

Tugrenensse 2530 iWarwasmandufasssumd uwazldinaluladnaunauszninanaiuing (Gas
Turbine) AuRswwlatin (Steam Turbine) #3832 UUNSININNTaIIN (Combined Cycle Power Plants) luil w.a.
2530 Suiimslemamssumdnaanszuslnin i Tsolwinadene Taslndhszoas Taalwiaoys uazlselui
wazuasld tudn

3.5. galad IWRIWAIUNaLNL (Renewable Power Plants)

waswnansdszinn laianlslunmsndanszualiiaunndu iheaanisleiuinanluduazingi
L Wa3%n uasAasIsuTnd Tul w.e. 2545 13T TFIASUNAINUNALNG 111 WaIwURIaNAad Tn1IHEA
nszus e At uLaIanfiaduunaten (Solar Rooftop) Taanswn3u (Solar Farm) loanfimadasssinlavsa
(Floating Solar) fitdaudsuss dnsa19lselWilTanaa (Biomass Plant) wasflslWdwasouan Nunauwing

W NdazAed Nianda uasvanaviuan vinJaunanals iudn [5-7]

4. Tassaenassmlniynaswluldsznalng
4.1. MINAAIWAN (Electricity Generation)
a o . % \ oA 1% v @ a4 a &
Uszinalnadnmsnawimunaingsnuagidaifiasananuaasnismalgwasowlwinfiisan Tu
NNMAFIUGI 9 LT NMAGATIANTIN MINBATNTIN MYt iludu InwamnszuumIniaussszuus
gl vdanurinads laadlasiasrsnugiunaznssansszuunasawlninnldlszmalng uiveamdn 3

#unan: 3zuunia W (Generation) N13&9 (Transmission) WazN331MuNY (Distribution) HwianaTunan fgua
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IuL’U@mE\‘iL‘VIW&M’I%@?LLQ:‘]J%%JM‘V]@ fa Myl uaIRa9 (Metropolitan Electricity Authority; MEA) WaTNNT bNHN
s§21ndn1a (Provincial Electricity Authority; PEA) Wl ludesinsa wenanilssldsumiasaudin
TWuaznsven BUINIENANA saaadn mylidhsndauvslsznelng (Electricity Generating Authority of
Thailand; EGAT) lunsufaluirdufiunislasniaiguazionsu ngugudanan laun nsluddonfaudis
Uszindlng (MWK.) SuRavaumsnaauazm s Ilinluszaudszina Aadusasiudszanm 35-40 % vasdszing
#unTWiIuaImas waznslidngugiinig fwifisasiming Wi ldd s anluaadiasuazsuun
uaﬂmﬂ‘fuﬁgwﬁmvlwwﬁaiz (Independent Power Producers; IPP) LLazg\ITNa@leWVq\hmu’lmﬁﬂ (Small Power
Producers; SPP) Tauwfa IWdhuazdrmineldun mslwihdhendaudsdsznalng uazffndalwdimnodnun
(Very Small Power Producers; VSPP) Gﬁaﬁaul%ryjLflu‘[savLWW'lwé’ao’mmwﬁﬂumm@Lﬁﬂ
4.2, euusd Wi (Transmission System)

1591w Srzuugsinenidanlosiuivings fsz@nTnngs Jua9 uazidadeld uazszuums
ganasnwlninfidszaninings Lﬂ"aslm“‘l,ummﬁmm:LLﬁ"LWV“\I’\im”uLLiaﬂ"’uqa (1% 230 kV, 500 kV) tiadsdalu
suus I wazllassnsIndussaugs (High Voltage Transmission Lines) ﬁﬂiamqmﬁiﬂi:mﬂ Tasm s Wi
drondaurslssindlng (nWu.; EGAT) iuipaniiosuiden AsslWitranlsslndansan ldssanfiden
(Substations) nIawiisiuiwing IFuTIAUgININUIALE Lﬁafnmﬂs:ﬁﬂ%mwLLa:a@msgzyLﬁ HWRIH Lo
i:uugﬂaammulﬁﬁmwﬁ'um (Reliability) 5ﬂvﬁﬁixuumﬂﬁﬂwﬂ%m§o fdanlpamdszng uazunagininmy
L%ﬂﬂﬂdﬂ”ﬂ%ﬁzﬁ'ﬂﬂﬁﬂ’]ﬂ (Regional Grid Interconnection) 13 NULszinaauazlszinauiiaides

4.3. mysne lWdh (Distribution System)

sruudnsing Tuh ILAAUTIAURININUIIAUFIARD 22 KV, 11 KV uazluszauusadn (Low Voltage)
viw 220-240 laadt naudsfisgfldaams dufiunislas 2 wihsounan da mylwidundnie (nwn.; PEA)
suAeTovlusiniuiinayseinea smL'T%‘Luwmﬁ?uﬁngamwumum wuny3 uazaynIdsnig i 1wwanany
Jufiarauvad MI WA UATHAI (NWK.; MEA) [5-7]

5. UNUINBINTIANAINWIRANARIRA 9 NULATHFNIL SN
5.1. HUSLNANWA I
nIlEwasnuutsmudszinngly dail: masymmamez: TsaSou lsswenuna souiinons mae
pifauazuins e deasndud lsousw dinau erensmndiod uazmaniitan ﬁﬁé’@mupﬂﬁmﬂﬁqwm
a‘hmuﬁty%@'lf’lﬂﬂw Lwhﬁmmmﬂf’lvxlﬂw:ﬁaﬁﬂdﬁﬂ'}ﬂqmmﬂﬂﬁml,a:mum %aﬂudmﬁiﬂﬂﬁwmﬂﬁq@ Wie
3093UMINGAS 50 M Tnaud Wi Ltazm{l,‘fv‘ﬁ?aLwﬁﬂmzuuwmLLa:q@\mﬁnsiu
5.2. NMAYARINNITY (Industrial Sector) LAZNAUUES (Transportations Sector)
mgssmesni daindunmefildwasnwlniuasdaindslasds mﬂﬁqmaaﬂi:mﬂ aluna
pudd lulsanugasnnysy lunszuaunsudanniszan uazszuuauguealudd 1w win waiadn Uslasad
BLaNNTaANg o mend 508U sl uszsnsud i Sanuddasianigandiazanusiuavaswa sl
ﬁdwﬂ@zmswiamsamumaamﬂqmmﬁmm MIANWIAN WALATEINIVEIUTTINA
5.3. NMAUINMILAZNIIAN (Service and Commercial Sector)
Fudn Faasswiuna Tsausu Tsanenuna LLazqiﬁw?miﬁu 9 sududasldnasnwuaz Wi

Aa @

\ , & 9 ) & ca & A € a A
ﬁ']ulﬁmw ﬂﬁiuituuﬂﬁﬂajﬂqﬂuﬂxuﬁﬁﬁ')']ﬂlua']ﬂ']i 5']3J7]{Iqﬂﬂ§mﬂlaaﬂﬂ‘§ﬂuﬂa UL aLLﬂzL'ﬂﬂIuIﬂﬂ
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grymwnaniaulaogn93inisa 1o guﬁ”a;ga (Data Centers) 32UU Al W&z Cloud Computing 831d@84n15
wasnu Wi lulTnnugauazgunng

5.4. MALNBAINTIN (Agricultural Sector)

wiazdiFasulunmmyligainvesmsldwasnuuasndsnuliin Wihsudandunumady

WRuundu vluszuumatsznin miguﬁw nIAuANaMANIlUANTN LATITULINEAT8aATEL (Smart Farming)
szunadedulosmivauunisldiwinundu luaansas uasdnsdasiumsldwdsnunyudowluiud
walna wu i:uuguﬁwwﬁamuummﬁmﬁ AABAN TAnaUaziTTININ LD uean

5.5. NNAAIILIaU (Residential Sector) [9]

@ A

mandfwuglindsnuliiuinigalwdadiuonm @nnhwasfusuwdyddls) weeduuwlid

]

= &

a X ' ' A o A adda Aaa o A o o '
iWNdnatndatiias nmsvensavadiiasuazifdiauunaina iNald Wi lvnate neluszuuuasaing
A ) Y A @ = ' a ¥ @ o A
wsaalg i meluiu Waaw ta3esdivemea uazlinasasiumsliwdsnurusuluniaaiaisan
5.6. WAHIWNLATALATEHFND
ANTUAINAIIH BINalasassdatszinininnisiasegiauszszuulassasislszine (Infra
Structure) NILAUTAVBINTIENRII® HAaNuFuNUTlasasinuNIaAmsivaTInnelulszina (GDP) 1ila
A a o o @ = A X o & ' 'Y a & A o o
wissgnatdula anudasmslawasufesiniuay asnunsmiunssnasnuwlumnda Wi Saduisasdeny

mnfiamInauaaunasnulwinIa i o ﬁazl,ﬂuqﬂaﬁﬂ@ian’mﬁzyLﬁuimmammgﬁa} (8]

6. WlEUYUAZLHBNAIINW IBIEAUY SN
6.1. LHuNMMAaINA lWaa9Useine (PDP - Power Development Plan)
AIENTHNAINY LTURI BN UAINTINA LA URUILING 1T ALNTINAMTULILINEINULAITIA
(AWD.) FIHNINBWLIVIHUATUHUNEIINS (FWW.) kaznT IR andaudstdsainalneg (nWw.) lunisiinue
wlavrawadanuwlwin PDP (Power Development Plan) wisidunlunisaanisszuy lWiaesdszina ssuziom
15-20 9 Tagdszifiuanudosmslelininluomen ienunuairolsslniussssuuds aUua1ga fa PDP 2024
QGLﬁumia@]miﬂdaﬂﬁ”wﬂﬁuauvlmaanvlmﬁ LLa:Lﬁué'@ﬁhuwﬁ'omumuﬁﬂu
6.2. LLNuwa"’dmu%&!uL’ﬁﬂu (AEDP - Alternative Energy Development Plan)
FUFTUNITITWAINURY LT DY LTU WRINBUFITAT A W Fawas fraFanw uazlalasian
whuane fa LﬁuﬂﬁNﬁ@]VLWﬂW'mwé’amumaluﬁﬂu Ilaluszau 30-35 % vasnInaasinnalul 2037
6.3. LLNua‘Iﬁ'ﬂﬁwé‘\‘ld’m (EEP - Energy Efficiency Plan)
msfindszinaiwnslelni aannugyiFendsauluszuunisuia nsauds msUsnda
wéﬁmu’tunnmﬂmu Ltazmﬂ%wé'amuamafqm@h Lﬁamiag?ﬂﬁwé'amml,az%'ﬂmﬁlamﬂé“au
6.4. unuwam lassing lWwhaaasss (Smart Grid)
msldinaluladddnansuqunsielieismgama unsuimssanisndsnuszesing wa
Foand sesiunndanszualWiuuunszany (Distributed Generation) wazmsliaaninnIaaiuguni e L

s ) a a 6 16 [
AMARITUNALN Y LTW IMNWNRIITULRIDINAEL (I‘HEI’]EL‘HEIE\]) [10-11]

7. qﬂwé’aamm\;uﬁsmu,a:mwLflunmamami‘uau (Carbon Neutrality) (W.¢. 2540-1]29111)

7.1. wluunuaanistsaufinmIannizan
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ﬂi:mﬂ"lmslvl,ﬁ'l,ﬁé'@mﬁ'miamauw ”ruumv'lmﬂsz’mmﬁ'hﬁazjmimﬁzlmmaaamwgﬁmmﬂ [12]
(United Nations Framework Convention on Climate Change; UNFCCC) woa1siienla (Kyoto Protocol) Laz@ad
ANNANNILNIR (Paris Agreement) LLa:Lﬁaaﬂmﬂﬁuqmﬂnﬁﬁ@im'jﬁ 1.5 pdFLTaLTYR
7.2. EJﬂwﬁ'\N’]um}Iuﬁﬂu (Renewable Energy Era)
1ud w.a. 2540 Spunasuiiulousidaaulunssnsiumsldndinuazaauazsafuundu 1ile
@1auaummimﬁﬂuuﬂmamwgﬁmmﬂ v malgwsinuusarfiadlugduaiaine anwiou uazluin laslsls
sn§imas (Solar Cell) Wanwdunssnulwin waseman lagldmaiuan (Wind Turbine) Waswdunssnuna uaz
uasdlwlnin wassudauaausasfodinn ihendaanuiouuss i mslsluladiss (Biodiesel) twdonas
wasnuenuaulafinn wasiuazaau taudasdulnin (Judu
7.3. WAIULUTU (Community Energy) waenaswlnianaes (Waste-to-Energy)
mulduuifia “Energy for AI-NAI9IUBDINNAK 31NANNTINGDV0INIATT ALUNIALANTY UAZ
AmnAITUTH Lﬁiaajuﬁulﬁqwuﬁnwé‘wm mn’i’mqﬁuLLa:maamﬁalﬁquufu 9 insdaasunsle
malulafmanao: wasundinwoozadundsnulih iemaiawniludasgfiuagiunaday
7.4. WRIBNILREN
fimsfne aassandonswnalulainssruivedass wszanuduldldlunslelalasawds

Walwaslunangs 9AFIANIIY uazndAa i Nawaswmaianlna [13]

8. ADIHNITUUNAIN® wazUIUNasnasulszmnalng
8.1. soumITnaINulssinang [14]
anmadasdslull 2566 wuin mslewassuiwduRudnosss 0.8 1surudnan agﬁsm”u
2,007 Wuflsafisuriisududetys mnanmnarsgfamoludsnafidsudddu Taodsduluduaasms
I ainasfasssuad aoil
8.1.1. msldiinei
Wiadusasaz 0.3 usznslifossumadsudniuduinn fatauaz 9.1 mngm‘ﬁleﬁﬂn'j Un@vasdifitmu
1 Tagdlumstiuduannmslefasssumaman (LNG) AldlumsudalWinauanudasmslemasssumadn
WowaslunsunaalWidmudn luaasinslelwiwssin/Ininsineg aassdasas 6.4 (iasanniiusinmny
dt e sihen adi.ans sessondymnnizsiouds Gaamumsaindanunedamad 2566 sy ot Gait
ﬂ'rﬂ‘*ﬁi{w”ué’n%gﬂ WRudusasas 0.7 ayj’ﬁimuu 138.4 dudasdoin laamsldindudios anssdasss 5.7 1ads
a%iﬁ' 68.9 Sudasaath maldiniuunduuszuialoses indusouas 4.0 Laﬁ'aagﬁ' 31.4 SIURAIADIU FIRTL
msldinsuaiesdn tRnduiouas 49.9 Lﬂalila%l;“ﬁl 13.7 duinTeeth suinaen anaideuas 15.8 mﬁlﬂagﬁ' 5.4
MURATEIW
8.1.2. M3l% LPG Twsins uazdainu
Wudusasas 1.5 El%l;‘ﬁli:ﬁ“l_l 6,542 Wuau lasnsld LPG luiagdvlugaswnisudlanad Sefidadin
mﬂ%@aqﬂ Aaiilndanas 43 Smsliiiudusonas 1.1 nsldnauuds Taasiniosas 14 tRuduTouas 3.5
MAgaanNIIL IFaduiasas 11 Wndwaniey Aosar 0.3 luvaefinsldies fsadudeuas 1 SnsldiRndsu
founz 97.9 lusnefinaniaGen daadiudosas 31 aaasdass 0.6 MIMMTTTINIE NNduTasas 6.4 ag{j‘ﬁl
326U 4,410 Augnuiannadaiv Tasananmsldiienaalni Adsdusesss 12.0 awanudasmsle i

& ¥ o - o e g e o
vinduannsiuaivasiassgialudszne uazsainaiign LNG szoeau (Spot LNG) NUsualanas 3503
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w4 Spot LNG 1R LﬁaaﬂﬁunulumiwﬁvaWWW ém%’umﬂ’ﬁ‘luqma’mnsmﬁiml,ﬂﬁl,m:ﬁu 5 MAnduToy
8z 0.4 Iummzﬁmﬂ’ﬂumﬂqmmﬁmiu aansonar 3.3 uazmslfidudanaslusaoud (NGV) anssfasns 2.5

8.1.3. MM auin an'lud

aaadIasas 15.0 agj‘ﬁ' 14,450 W Aouiningudy (KTOE) mnmﬂ’ﬁ’lumﬂqmmwmwﬁamﬁasm:
13.3 waznslaauAnlulsslwin IPP aaadsasas 31.4 S%IUn5T anlud anadsauas 10.6 agjﬁl 3,179 Nua%
WRgurinsiiudy (KTOE) maimsleanlud fosa: 99 Wumsldlunanisudalninlulsslniusiwnzuesnis
Wi darsaurslssnelng (nw.) snsuaasiunslsanlug Ansatouas 1 anildlslunagasmnysy
aghslsfianuasudidanumsnon 2566 Luduin galifinmslednludluniagasinnisy Lﬁaw’mmwmmﬂq
dremutiasuadniiesdinlud ludseinausn
8.2. USunvaInasnulszindlng

wisuiusunddy Aduistlunmstuedennsidulazesassgialng doimslswdsnmlugn
meaduusiiunumasauagy FILAMANITHAA NMTLSNNT MIVUEI MIINBAT UazMAnITan wlgunawasnn
LAZLHINIINITINUABIANITNAINBINIzAUUszing anfansidr uwvasmadszmauluszauaiiisen n3
hiswdanwliiiiisaneuanidofiald mnﬁaﬂsl%mﬂiuiaﬁﬁﬁﬂi:ﬁwﬁmwmuﬂﬁuL%@Lwﬁaathamtya,m@
Tug2anasse 1980 Uszinelng SusuaSunssunauns (Renewable Energy) UWATNNIBRINEWAINY (Energy
Conservation) HIUULHWNGWNATHIAIUAITIR NIIWAUINRINUNAUNUUAZNITORINENIINU \anuauag
anuditun uianufiasoy LLamauauaa@iaﬂ’m,ﬂ?iyuLLﬂaamaoanwaﬁa’]ﬂ’]ﬂ WaLRSUATIIANIAIWANT
wastuaasdssinaluafilan

Tasuindglunsdouiugnasnuszaraussianeidulyldluemaa Uszmalnafidhnung
VANFAEIUNGIINUEZD1@ (Clean Energy) tw 74 % nolud w.a. 2503 iiasani1sdsasfioiSaunszan
(Greenhouse Gas Emissions) &jdgiﬂ'a’lmﬂ%nmdmdmifuau (Carbon Neutrality) aatwansszauT@ a1 lud
2065-2070 [15] :nmsdnmanuidulyladanumanzavzaimilswasnunyguiswnssnunaunuludszna
Ing (1] waznmsdnmlgwasnuussanfiadlugianuian [16] Tnmsdawwsinuszaia lalasawdundanuln
[17] MmushiaginAaldnmanisineas wasnugurwnlgdszlond wiu Mafinw wisnudwaa uialased
wazluladina [18] MILEWATNUANAILG WA ULFID IR ‘ﬁlLﬁuﬁunuLﬁwaaﬂ's:mﬂ MILTNEINULEIaNAAE
NSWVLWﬂ'muMé'Jmmm‘ma:ﬁag’mﬁ'ﬂ (Solar Rooftop) [19] M3Haa lWwranloaswasu (Solar Farm) [20] uaz

mMIysanuuuLtnuiinIw (Bioclimatic House) [21] tudw

9. anammauazuw lialuawianuasnasswlng
9.1. aNNYIMERIAY
9.1.1. AUTUAIRIUNAII (Energy Security)
dudasodiagieananaissnmaiidufomdmasads iiu thau Masssumane famaniu
HABANUNE INV0IRANA lANULAZUREING IS [22, 23] AnNdasnslE WA lausinaw nnagMItklianade 1o
BRLA nIalinTzune wazasniy iuean
9.1.2. mmﬂﬁmumugwé‘amua:m@ (Energy Transition) [24]
Tumsfunuindeunuiaulselwilueuwaa Yszinalnodaandyanuimnolunisaanisiann

\aiwdsweada: duAunarMosssud [25] MIANNFAFIBNATWAYKILYL d0Ia1AUNTRINUFILAZITUL
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‘[maa%“wﬁug’mﬁuﬁm”ﬁ \T% Smart Grid LA E8LWAS (Fuel Cell) S2ULAMLALUNSIING LRZNITWAUINTIINY
lalasian uwassunaian [26]

9.1.3. Ty Fsadeuuaznansznuanlsslni
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