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ABSTRACT

From the current situation of consumers who use food ordering services via the Food
Delivery platform after the COVID-19 pandemic, it was found that consumer behavior has
changed. This research continuously studies the relationship between indicators related to
behavioral intention to order food via the Grab Food platform in Thailand. The research
instrument is a questionnaire with 660 respondents. The purpose of the study is to study the
indicators affecting the intention to continuously order food via the Food Delivery platform in
Thailand using the structural equation model. The analysis of the influence data on the
behavioral intention to continuously order food via the Grab Food platform found that
performance expectancy, effort expectancy, facilitating condition, habit, and price value for
money affect the behavioral intention to continuously order food via the Grab Food platform
of users in a statistically significant manner at 0.05. The results of the causal model analysis
of the factors influencing the intention to order food online.

KEYWORDS: Continuous Intention, Food Delivery Platform, Structural Equation Modeling

1.  UN¥
PNNAMIFITIUWI LENURzN O AN TTUMTITNUULNAaNWBSH Food Delivery maaﬂuﬁ%”ﬂ
ARNINUIN UszraudsinsltuSmsudananuiad asannidnmsdsufoung@nssunad
RDUNIIILATA smﬁwj’lﬁu‘%mimuslmyﬂh 80% LLTUSATNINNIT 1 unaanasy [1]
A o a 6 . 2 a v A ' A
I@mmmmaaq‘mmma@ﬂam Food Delivery famaaﬂsuﬂgaqmmwmﬂmmmi WaYIINLD
ﬁ'u%mmmma:Q’Lﬁu’%mﬂ”uﬁ Lw"a’lﬁqiﬁammim‘mﬁumﬂﬁaam@ial,ﬁama:awalﬁ
v A v A il ' A = % o . A o
gnmm@mmﬁawahua:hmmsammal,uaa TINOAARDINUNIG Insight ERA [2] N0
n3d1ANeAIANTIAANIITINA Food Delivery a3Usznelng Nad1TIanYI1 aaa
Food Delivery 1l 2567 faflumiliufinaasdalitos lull 2567 yadnaaia Food Delivery azat
AU 8.6 KU ULIN KIa%aa2 1.0% 3NnT) 2566 LL@is]'omgandwmmﬁﬂiummau
=) 1 =) dl 1 U q} dl 1 Qq: = ™ QI g
Wansuwsszunavaslsalada 19 lagneanldanglunitgsanisiafudanisazlTualnadn
' { { ' < A & A
sz 2.8% nanadulutl 2566 w3a A3 afulszuios 185 UINABNITFIRHIATI B9
RINALIANITIWIBATILAZUS NI BN TRIN w2 LA AR I@ﬂﬁwqamimjﬁimﬂ'\‘iﬁmmﬁmfﬂ
AsltunaaWasu Food Delivery tNI12LAAAINNLASTULATABINITAINNFZAINFLNE

1Ol aNIZTIINANT T URIALIIAIN LAZINEDIWAINIAILNAANAIY Robinhood Naan

Faculty of Engineering, Kasem Bundit University Research Article




3A2NssuAlsInuUUruna Un 15 aUun 1 uNSIAU-IVVIYU 2568 3

Uszmedt azg@fanmsnioluidiauningian udnenaslalmeiiaudafianis innzie

Hasnuinalaies (3]

A wva o Ao =

mnmsﬂumm’mfﬁﬁbﬁlﬁmﬂj”aon”umié"ammsaaﬂaﬁwudmgnmmmiﬂnm
SasfiAgatasiuunaanady Food Delivery 3i nspaniunianssuueUnaintugsanns
saulatzasniineu [4] usspala LLazﬂaqﬂﬁmimm@u’%miﬁidma@iamséf@ﬁﬂﬁ]Lﬁﬂﬂl*’ﬁ’
LLme5m°ﬁ'u&mmmaa;§uﬂna [5] AnwAngAnsIuNTanltuIANTH I BLaUNRLATY
éfammsaauvl,aﬁmaq;ju’ﬂm’l,uﬁwmsszmmaq1a§a1ﬂ?ﬂ-19 6] M3savsunalulaiuas
ﬁﬁ)fh”ﬂdmﬂszaumammm@ﬁdawa@iamw”ﬂﬁuh's%”'ammsaauvl,aﬁmaa;ﬁu’%‘[nﬂ [7] WaZA1N
mswummﬁmﬂﬁug‘”’?ﬁﬂﬁaauhﬁazﬁﬂmﬁaﬂagﬂﬁmwa@iawqaﬂiswaa@“ﬁﬁmi
uwwaawWasu Grab Food s'fiamm@;ﬁmn:auﬁamma@ﬂafu Grab Food tw31sLilaRanyon
FIULLIAANALBUWRLATY food delivery TUTn.¢1. 2563 2z1An a1 Grab HF11LLIAANANIN
ﬁq@ TauasaunsasdasIuunisosss 50 luumefinadniindudu o laun Food Panda
Lineman Was Gojek J8adIusadadnn [8] laswani13idoa1nisanin lultysslosilu
L%awnrﬁmﬁI@zJqﬂi:ﬂa‘umimmmﬁwaﬁwfﬁvlmwlﬂw”@umLLwaQWas{uéﬁmmﬂﬁmmm
mauauaa@iamméfadmsmaa@uﬂnﬂ"ﬁaﬂ"\dmmzamia"l,ﬂ LLazﬁ'}aﬂaqﬂELﬁiaLﬁu

AMUEANINluMILTITU wiaunszeegugndiaasiinaaiydulavesnifia

3. MSNUNMIRITIWNTIN

Venkatesh et al [9] lalana nquijsiuveinissansuuaznisidinalulad (Unified
Theory of Acceptance and Use of Technology %38 UTAUT) Lﬁﬂl“ﬁaﬁuwmma&l{umﬂf
waluladrasudazyaaa wazgni ldld@nsnissensumsldinaluladuasudazyaaa lay
IFanuaslauanimginsa wazmsonganssumsld Wududmanannaeinndnssuau
LULUKUDaY Ajzen [10] Banannnszeannsd) UTAUT Ae Anwwgdnssunslinldsuus
mz@j”umﬂﬂ’;'mm%lﬁmizﬁw Taasuidanswadaanuaslonszvih Usznaudaasonan 3
Uszn1s Ae (1) anwananddluwdszdniain (2) awaranislualnunersny uas
(3) Bnswavesdsay srwdanlanissrwisanuazainlunislton Sansnanisaseee

wdnssumiald lasdauaiTadoeing o wu Saudsiny ldun Tadoduyanauasdls S

UnA2IUI9Y ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ




4 Kasem Bundit Engineering Journal Vol.15 No.1 January-April 2025

4 gaudy leun e ey dszaunisal uaz anudaslaldou daun Venkatesh et al [11]
' a Aw o @ ) o A A Al & A '
WUIng i UTAUT tasnadswamlagdnwdadoinaudaldinnumanzaudu (Soni
NOHINIINAUINGBJI0V0IN1T8aNTULazNTbTInalulad (Modified UTAUT w3a
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v A = = o Ao, =2 ] v A A a o a
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msgausuuazmMILtinalulad (Modified UTAUT %38 UTAUT2) aduaadluannefi 1
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gaxsunazmsidinalulad (Modified UTAUT %32 UTAUT2)

Authors Methods PV HM HB FC EE PE ClI

Zanetta et al [13] CFA, SEM / / / / / / /
Yapp and Kataraian [14] CFA, SEM / / / / / / /
Yao et al [16] PLS-SEM / / /
Wijaya and Sukaatmadija [17] SEM / / / / / /
Ren et al [15] SEM / r
Rasli et al [18] Linear regression  / / / / / / /
Puriwat and Tripopsakul [19] CFA, SEM / / / /
Palau-Saumell et al [20] CFA, SEM / / / / / I
Mensah [21] SEM / / /
Lam et al [22] PLS-SEM / / / /
Karulkar et al [23] Regression / / / /
Kadir and Ismail [24] SEM / / / / / / /
Gunden et al [25] CFA, SEM / / /
Alalwan [12] CFA, SEM / / / / / I
This Study / / / / / I
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(Confirmatory factor analysis: CFA) Tukuudnaasvasannislassaing (Structural Equation
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Usznaudiesaudsmyia wazdandsdes luaaftasdliifinin drunwaziiudunuiale
wioly Wuluiaadl suilseansuessdusi3unin Factor Loading (2) luaalassads da luiaa
MIana Uszneudismudsdunuaiudsany sauriseaudsuns Tuiaaiiozdlwidiuin
dudsdwdusnguasarndsanunialal Tuluiaait sulszansvesaanisizonin
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wanun137a SEM 1IuiEAllun13@ne it lasRansmn Structural model Lo 1l e
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@391 2 anadsuazdimdasiunanasgiuwzasifadsiidsnanaanaailedsarvis

HnunannasN&ID1HIS

Construct Variables Mean SD Skewness Kurtosis
R RPY 11: viwwuiuwaanasugiawns 407 0796  -0.508 -0.313
ANARIIGD unflafafidselomily
M3 Fradszinivuasvinn
(PE) 2: unaaWasussanmsuuiietie 397 0834 -0413  -0.493
[12] e lsvinwinanudiselaisiu
13: miltunaaneiudsenmisuuile 3.85 0854 0262  -0.516

DATIANHIAN TN BIVING

anu 14 msf%'zmjﬁ%mﬂﬁt.wamwa‘i‘wﬁl\a 400 0837 -0519  -0.034
AANIIA omsuuiofiodusasine
ANy NIV
WENENN 15 MILARaUTEWINYUAL 3.89 0.818  -0.270 -0.406
(EE) unaavasugIamsuniafiod
[12] ANNTALRULAZITN e
I6: (wsasinpimwiurinuiiasd 394 0844 -0.533 0.129

anutwglumslduwaanasy

faomnuniiade
gmwpedds 17; vinuinswennsisududamsld 389 0841 0380  -0.242
RIS HLERHY weUssamsunieta
g2aan (FC) 18: watldiownsunidafiodnnuwld 395 0839  -0407  -0.409
[12] funaluladawg Aviawld
figo (HB) 19: nsldualdiamiuniiade 341 1035 -0.085  -0.664
[12] nangduitgodnsurinu
110: Ynuiawaamslduaddsanwns 327 1107 -0.076 -0.756
uudlane
111: m3lfuaddiomsuuiatia 352 1.007 -0.349  -0.529
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@391 2 anadsuazdamdasiunanasginzasifadsiidonanannaailedsarvis

1 ¢ o 1
HIBUNAAN 2 INFID19%19 (MD)

Construct Variables Mean SD Skewness Kurtosis
wsagsladu 112: mslfuaddiamiuufiefodun 351 0982  -0300  -0.399
AL Léaaam
HM) 13 msldunaaWasusiomisun 348  1.033  -0.246  -0.523
[12] Jatalhanuyuiie
amArdu 114 iudndivhuldiunfadiel 382 0810 0280  -0.245
N omIna I AmanzauLile
(PV) lfunaanasugsarns
12] 15 m3lfunaawafudsenymie 373 0805 0097  -0.286

csjwmém%“umuﬁﬁlzvjwmnm

LAZAMNNENDA
16: WalSuufiouiuasmte 371 0848 -0.264  -0.145
o luvimasld
unaaWasugIamg
anwashanl 17: viueileazlfunaanasus 384 0840 -0470  0.046
Azl 81913

uwaanasy 118: dvinwdlanmarinuwasdsanmig 3.83 0.817 -0.456 0.163

§3019N3 HuLNaaW eI uEIONYNT
(Ch 119: YIuaIla9zd 30NN 3.79 0857  -0477 0.249
[30] uwaanasusIamsaell

v
ad

*JupAYNIRRANIZAY 0.05

51 MFIATLRLALAAFNASIATIATIY
wudwuuitaesdawinizeandasnudayaifalszing x° = 299.061, df = 129,
(p < 0.000), )(2/df = 2.318, RMSEA = 0.045, CFl = 0.983, TLI = 0.978 and SRMR = 0.024
WeuwSsufisunuinosiiuuzsia fe (1) X7df A58 2-5 S9azimanzay [31] (2) root mean
square error of approximation (RMSEA) avddtasnin 0.07 [32] (3) Comparative fit index

(CFI) aasiidvinnunIaunnnin 0.90 [33] (4) Tucker—Lewis index (TLI) or Non-Normed Fit

UnA2IUI9Y ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ




]E Kasem Bundit Engineering Journal Vol.15 No.1 January-April 2025

Index (NNFI) a1sd@ntvinnun3Iaunnnin 0.80 [34] waz (5) standardized root mean square

residual (SRMR) a13dlentvinnunIatasnin 0.70 [33]

5.1.1 WUUINRBINITIA

maﬁﬁ@”\mﬁnLﬂuvl,ﬂmwﬁayjal,%oﬂi:ﬁ'ﬂﬁ lagTindsenaudioaiudsudls 7 aauys
wazifade 19 938 vafiianInand lnanaunaign nudidzesinaaIaIgIuag
14179 0.789-0.943 Feassamuinasinannnia 0.4 @vdﬁuﬁdﬁ?ﬂvl,(rﬁﬁLLUUﬁWﬂﬂGﬁﬂi:ﬂﬂU“ﬁu
FreATmafiuddymisiafiazdy 0.05 wazdnslvaafiduinasgwseudazanisd
aadludl

msUszfumsaisimingunniuasanuamanisdensldin sneudsaganald
3a3 11 LLamﬂ:LLuumﬂ%a@ﬁaq@ﬁ' 0.885 AuR28 13 NfAzunun13lwan 0.864 27N
3 sulsfisanaldvssanuaanissuanunes 16 LLamﬂ:Lmumﬂmmgaqﬂﬁ 0.882
30989070 14 NHAzUUHMIINAS 0.860 INAILLT 2 FIVBIFMNTBIRIEWIBANIFZAIN
17 ﬁﬂ:uuumﬂm@gaq@ﬁ 0.868 T84aJ11f8 18 Fazuuun13lan 0.838 InAus
3 @rehan 19 ﬁﬂzuuumﬂmmpq@ﬁ 0.919 529898108 110 JAzuuunILnaa 0.895 91N
aaus 2 @TTUaumgﬂaﬁmmmﬁmﬁa 112 ﬁﬂzl,l,uumﬂm@gaqﬂﬁ 0.943 3898981f8 113
fazuuunisluaa 0.881 anauls 3 AUBIN AU 115 ﬁﬂ:l,mumﬂmagaqwﬁ
0.826 589898788 116 FAzunun1sInan 0.803 3naaulsaudIvasnueslafiazls
LoUNRLATHEIDNANT 119 ﬁmuuumﬂmmgaq@ﬁ 0.889 58989318 118 Jazuuumslnan
0.886

A15911 3 WAANSVAIRULDIIADINITIA

Standardized Standard Cronbach’s
Construct Variables t-Value CR AVE
Loadings* Error Alpha
1 0.885 0.014 61.030
Performance
12 0.856 0.014 61.419 0.901 0.752 0.884
Expectancy
13 0.864 0.016 55.648
14 0.860 0.013 67.287
Effort
15 0.845 0.014 62.278 0.897 0.744 0.897
Expectancy
16 0.882 0.012 76.342
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A5 3 HAANSVILLUIIABINTIIA (A)

Standardized Standard Cronbach’s
Construct Variables t-Value CR AVE
Loadings™ Error Alpha
Facilitating g 0.868 0.016 52.978
0.842 0.728 0.842
Conditions 18 0.838 0.017 48.461
19 0.919 0.009 106.002
Habit 110 0.895 0.010 90.780 0.926 0.807 0.925
111 0.880 0.011 80.520
Hedonic 112 0.943 0.013 74.322
0.909 0.833 0.908
Motivation 113 0.881 0.014 62.396
114 0.789 0.019 42472
Price Value 115 0.826 0.017 48.626 0.848 0.650 0.848
116 0.803 0.018 44 171
117 0.829 0.015 55.754
Continuous
118 0.886 0.011 78.533 0.902 0.754 0.902
Intention
119 0.889 0.011 80.031

5.1.2 NMINATDUANNAZIN

wuudrasssumslasiaisdszinalaslidrianuinendugige wan1s3duwudn
sreUvIaTRinNuFannsasia Teun 2= 299.061, df = 129, (p < 0.000), X¥/df = 2.318,
RMSEA = 0.045, CFI =0.983, TLI =0.978 and SRMR =0.024 A1ATHAINNFIAAR DS
FINSIILITINRINE TR INE Bsmusnagdlddn wwudraesaunislassairaduly
audayaidalzing wananit Lﬁammnaauﬁwamﬁgm 6 Uszmifihianaluaning
4 Lﬁ‘wmfﬂ?amm‘f’:mNa@iammelz\ﬂ,aL“‘fiwiawqansmlumiﬁ?ﬁmmimaaauvlaﬁ@ﬁﬂ
AFdalUil

A191971 4 LFAINE SEM §nsLLULS1809la 38909813990 MU SN HETEnIN96a
wsn8uenns 6 é’aﬁﬁﬁﬂ%wa@iawqﬁﬂ‘smﬂ’;’lmgﬂﬁ]ﬁ%éﬁmmscimuwawla%u Food
Delivery ﬁﬂﬁwﬂszﬁwﬁ%@naﬂmmgm (Coef.) sz iJavunaduiias (0.245) a6l
Tadudruanuduardiuinan (0.226) Taduanunisluanuneisia (0.169) Tadueu

ANNANARITIULIEENTAIN (0.148) TasadwiIan N1TEWIBANNEZAIN (0.118) LA
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Tadndruussgsladiuainuduiiie (0.030) uaz naawsvasdadundinadaniuaila
WBewg@nssulunsssamisesnladnuivuaainanisiteszduesnisnasauauuigin
waad luansned 4

M3 4 HANIIATIZHYDINTNARDLANNRZ W

Hypotheses Description Standardized t-Value Result
Path Coefficient

H1 Performance Expectancy —> 0.148 2.713 Supported
Continuous Intention

H2 Effort Expectancy —> 0.169 2.580 Supported
Continuous Intention

H3 Facilitating Condition —> 0.118 2.028 Supported
Continuous Intention

H4 Habit —> Continuous Intention 0.245 4.684 Supported

H5 Hedonic Motivation —> 0.030 0.680 Not
Continuous Intention Supported

H6 Price Value —> Continuous 0.226 4220  Supported
Intention

nasaseulasaslauaundziunyiseNiiaus (H1-H6) wuiauudziuainan
sawansznuadwiitbimdydaanudunus anafiszyuazuaad liluluzi 2
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AINBUUIINOIFNNITLATIFTI WU JTaNdaninalauatsdaninuadbanazas
AMWITHIBULNAAN DTN Grab Food latA A18A10RIIUTLENTAIN ATNATARII L%
ANMANLNEIY FNIWVAIRIBSIUILAMNFZAIN ANNULALTU LLsaga’Laﬁmm’mﬁmﬁa F

v 1 ' Qs a A‘ v Cil v
ANUANAITIAN ozasIFa U aNU Iz ANBIEWNIN leuasg N

wuhaundzui 4 anuasduidninadaanuaslafazlideluinnige v 0.245
BUILAMNTT ANULATWIWAITFIDNAITHIBLNAAN TN AN TNANIIATILTILINGanIN
n’: d' Y A i ﬂq/' val v n:i a I 1 6
aslafazlduins asiwmngliiumldunazuaasmndnsmwlunmadsemsiuunaanady
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p1nsaaulaiud SIxeanaInUINWILVaI [12-14, 16, 18, 20, 24, 25] NHAINUITE
20NN1IANNLABTUFINA LTIV INdaaNadlaLEIngansTnlunisaIoNnITHAIY
wNaaWasy Food Delivery

A a A v 4w A Aa a ' & A o, o
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ABSTRACT

This research aims to investigate and compare the layout of a carton manufacturing plant in
the production process to increase productivity, reduce production costs, and minimize the
movement time of workers and materials. The study utilizes the Systematic Layout Planning
(SLP) method, starting by identifying issues through an experiment (4M) such as Methods,
Machinery, Man, and Materials to understand their compatibility and the characteristics of
the production process. The subsequent steps involve studying the paper box manufacturing
process by analyzing the time and distance used in production. Subsequently, the research
applies the SLP method, using Flow Process Charts and Relationship Charts, to design a new
plant layout. This layout is then compared with the existing one. The relationship and mutual
benefits between each department, which in the traditional layout lacked design based on
proper facility layout principles, resulted in adjacent departments that might not have any
relationship. However, the newly designed layout ensures that adjacent departments can
mutually benefit from one another. In the traditional layout, the distance was 42.99 meters,
while the proposed layout reduced the distance to 40.04 meters, representing a 6.86 percent
reduction. Regarding time, the traditional layout required 143.846 seconds, whereas the
proposed layout reduced the time to 126.189 seconds, a 12.27 percent decrease.

KEYWORDS: Carton Product Plant, Material Flow Process Chart, Relationship Diagram,

Systematic Layout Planning

1. Introduction
In the current situation, the corrugated carton product manufacturing industry faces

intense competition due to the presence of numerous manufacturers. Additionally, the
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economic downturn has reduced customer purchasing power. Moreover, the fluctuation in
the cost of corrugated paper, the impact of the minimum wage increase, and the rising
overhead production costs driven by market mechanisms are all key factors affecting
production costs and the price of the carton product.

Designing a factory layout for an industrial plant is considered the first and most crucial
step for ensuring the success of industrial operations. A well-designed layout allows for cost-
effective production, enabling easy control over manufacturing processes.

In the case of a carton product manufacturing plant, the facility receives bulk orders
from customers, necessitating the storage of production materials in the manufacturing area.
This space is also occupied by machinery used in the production process, leading to limited
space for material movement and employee mobility, resulting in production delays.

Therefore, this project aims to study and propose improvements to the factory layout,
specifically in the production process of the carton product company. The goal is to increase
production output, reduce manufacturing costs, and minimize the time spent by employees

and materials in transit.

2. Conceptual Framework
2.1 Optimal Space Utilization

The primary thrust of plant layout is the judicious utilization of available space. This
encompasses the strategic arrangement of workstations, production lines, and storage areas

to minimize wastage and ensure the efficient use of the facility's footprint.

2.1.1 Workflow Optimization
Plant layout targets the harmonization of material and information flow within the
facility. The layout mitigates bottlenecks by judiciously positioning workstations and

production processes, ensuring a smooth and logical workflow.

2.1.2 Flexibility and Adaptability
A practical plant layout is designed with flexibility, capable of accommodating changes

in production volumes, product lines, or technological advancements without significant

disruptions or the need for extensive redesign.
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2.1.3 Minimization of Material Handling

Plant layout endeavors to curtail material handling distances, reducing the time and
effort required to move raw materials, work-in-progress, and finished goods. This results in
heightened efficiency and cost-effectiveness.

The methodology employed for plant layout is a thorough and systematic approach
focused on strategically arranging diverse components within an industrial facility. This
section delineates essential methodologies in plant layout design, underscoring their

importance in attaining an effective and productive spatial arrangement.

2.2 Systematic Layout Planning (SLP)

In the Systematic Layout Planning (SLP) research project, the investigators delved into
relevant studies to serve as guiding principles. A comparative overview of SLP-based plant
layouts is presented, incorporating findings from specific research initiatives. Phonsing et al [1]
conducted a study in which they used SLP to shorten material handling lengths and improve
overall process efficiency in the LED lighting production sector. Their study demonstrated
how SLP may be used to intelligently arrange workstations and optimize material flow,
resulting in notable decreases in handling time and travel distance. According to another
study by Kumar and Malleswari [2] indicates that by applying SLP, facilities can achieve
more efficient material flow, reduced transportation distances, and improved overall
operational efficiency. Their work emphasizes the systematic approach of SLP, which
includes analyzing relationships between departments, determining space requirements, and
developing an optimal layout configuration. In essence, this study reinforces the value of
SLP as a tool for enhancing facility layout design to achieve operational improvements, Eksiri
and Phromhitathorn [3] focused on utilizing SLP for warehouse layout design and production
planning, analyzing the impact of optimized warehouse configurations on operational
performance. Their findings revealed that SLP facilitates effective space allocation, efficient
stock positioning, and systematic flow design, thereby minimizing picking times, reducing
errors, and improving overall warehouse management efficiency.

These studies collectively demonstrate the effectiveness of Systematic Layout Planning
in optimizing industrial spatial arrangements, leading to improved efficiency and reduced

operational costs. The methodologies employed, including data collection, simulation, and
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comparison with traditional layouts, provide valuable insights for implementing systematic

plant layout approaches.

3. Experimental Procedure

A case study of a carton manufacturing company with limited and congested space
faces challenges in product movement, inter-machine product transfer, employee movement
space, and diverse product placement areas. The existing factory layout lacks a systematic
design, prompting researchers to recognize the importance of implementing a Systematic
Layout Planning (SLP) to enhance the factory layout. [4, 5]

Studying has revealed the main reasons for the need to modify the plant layout to align
with current production:

The flow of raw materials and similar products, along with the distances between
machinery departments and walkway areas, is relatively narrow.

Due to the factory's production process being a small-scale business with uncertain
production and diverse product patterns based on customer orders (Made by order), the
production format is semi-industrial. This necessitates finding the most suitable plant layout
that aligns with the factory's production capacity.

The research team has outlined the operational process to ensure accuracy, clarity, and

detailed documentation.

3.1 General Information Study Related to Carton Manufacturing Plant

The study involves understanding human operations, machinery, workforce, and raw
materials. It aims to identify production patterns, considering the variety and quantity of
products produced in each production cycle. The lack of a systematic layout has led the
researchers to emphasize the need to study and improve manufacturing processes by

focusing on a specific product.
3.2 Study of Processes in Carton Manufacturing

The research delves into the production processes of cartons. It collects data on

production challenges, such as the extended time required for each product due to product
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diversity. The study aims to document and analyze the production steps, facilitating a better

understanding of the workflow.

3.3 Systematic Layout Planning (SLP) Theory Study for Factory Layout Improvement

The research team explores the SLP methodology, including steps such as data
collection, workflow analysis, qualitative data analysis, relationship chart analysis, space
requirement evaluation, space relationship diagram, and consideration of specifications and
constraints. Various tools, such as flow process charts, plant layouts, and relationship charts,

are employed to assess and select the most suitable factory layout [6].

3.4 Collection of Production Process Data and Determination of Flow Distances
Measurements of distances between departments and machines are taken to identify

the flow paths of people and materials. This information aids in creating a new factory layout

aligned with current production requirements. Additionally, direct time measurements are

taken to refine the factory layout further [7].

3.5 Comparison of Factory Layouts Before and After Adjustment

After designing the new factory layout, a comparison is made between the adjusted and
traditional layouts using flow process charts. This analysis helps identify the advantages and
disadvantages of each layout, summarizing the time and distance measurements for the flow

paths before and after the factory layout adjustment [8].

4. Results and Discussion

The researcher directly measured the time and distances used in moving materials,
workpieces, and products to gather data for decision-making in factory layout planning.

1) Production Time of carton Manufacturing: The time study involved capturing time for
ten cycles to calculate the average time for each machine's sub-process.

2) Creation of the Current Product Flow Process Chart: After capturing time and
studying the material flow, a product flow process chart was generated to illustrate activities,

distances, and times for each production step. The chart reflects variations based on the
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product type, providing insights into material transportation distances and process times in

each production step. The results are presented in Table 1.

Table1  Carton flow process chart (before adjustment)

Current Improved Difference

Symbol
meters | seconds | meters | seconds | meters | seconds

O 6 | 33.37
|:> 7 | 9955
I:l . .
D B} B}
V | 2| -

Product: Carton

Distance 42.99
Symbol Detail Distance Movement
(meters) Time
O E> D D V (seconds)
//0 1. Material storage - -
2. Move to cutting machine 1 2.44 6.567
3. Cut according to pattern - 0.954
4. Move to cutting machine 2 5.77 13.669
5. Cut according to pattern - 0.690
6. Move to printing machine 6.55 15.486
7. Print color according to design - 1.854
8. Move to grooving machine 12.36 27.457
9. Chop groove according to pattern - 3.673
10. Move to adhesive department 7.85 17.658
11. Apply adhesive and assemble - 14.676
12. Move to packing machine 3.32 7.792
13. Pack product - 11.527
14. Move to storage 4.70 10.923
|~ |15. Storage - -
Total 42.99 143.846
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4.1 Designing the factory layout using systematic layout planning

The factory layout redesign aims to maximize available space to facilitate potential
production expansion and accommodate products with changing patterns. Adequate space
for product placement becomes crucial when introducing new products. Evaluating the new
factory layout compared to the previous one, utilizing metrics like distances and
transportation times, assists in identifying the most optimal factory layout.

1) Relationship Chart: The research team has organized diverse activities within each
department, each comprising sub-processes with various machines. The researchers have
analyzed the relationships between pairs of activities to gauge the degree of interdependence
[3, 9] as shown in Table 2.

Table 2 The relationship level.

Level Relationship
A Very high
E High
I Moderate
O Low
U Very low
X No relationship

The relationships [10] obtained in each pair of each activity can be shown in Figure 1.
2) The obtained relationship diagram is used to create a Relationship Diagram by taking
the relationships from the relationship chart of each activity and writing them down in an
activity table. This calculates the total closeness rating (TCR) based on predefined criteria.

The activity with the highest score will be placed first on the chart [11-13] as shown in Table 3.
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. Cutting machine 1

Cutting machine 2

Inkjet printer

Watercolor printer

Grooving machine

Apply adhesive

Die-cutting machine

Packing machine

Material storage

10.

Workpieces storage

11.

Area for scrap paper

12.

Waste treatment

13.

Toilet

14.

Office

Figure 1 Relationship chart of factory layout

Table 3  The criteria for rating relationship levels.

Level Criteria for Rating
A 10,000
E 1,000
I 100
) 10
u 0
X -
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The relationships obtained from the relationship diagram are used to calculate the
overall closeness rating (Total Closeness Rating: TCR) based on the predefined criteria. The
overall closeness rating can be summarized according to the process layout as follows in

Table 4.

Table 4 A summary of the overall proximity scores according to plant layout method

No. Machine Quantity Score
112|3|4|5|6|7|8|9|10|11[12|13|14|A|E|I|O|U|X
1 -|A[O|O|O|O|O|U|I|JUjJU|IX|U|lU/1 115]5]1]10150
2 |Al-|1|I|O|O|A|U|U|JU|A|X|UJU]|S3 2|12 |5|1]30220
3O 1| = (X|T|OIX|X|X|X|X|I|U|U 3|12(2|6| 320
4 1O 1| X]|=]1]O[X|X|[X|X|X]|I]U]JU 3|12(2|6| 320
5 OO 1| IT[=]1[|X]|O|X|X |UIX|U|U 31334 330
6 [O|O|O0O|O| I |-|X|E|X|X|X|X|U|U 1111412 |5]| 1140
7 |OJA|X[X|[X|X[-|E|U Uu|X|uUuju /|11 115]5]11010
8 |[U|JU|X|X|O|E|E|-|U|] Il |X|X|U|U 211]|115]|4] 2110
9 MU X | X|X|X|]UJU]-|[U | X|X|X]|O 11114117 110
10 |UJU | X | XX [X|U|JT|Ul=|X|X|X|O 1 4|7 100
M |JUJA|X | XU X|U[X[X|X[=|[X]|U]|X]|1 4 | 7 | 10000
12 | X[ X[ T T X[ X[X[X[X|X|X]=]1I1]X 3 10| 300
13 |U|U uljujuju | X|Xjujl -0 1111912 110
14 U | U Ujujujuj|o|Oo | X|X|O]| - 3182 30

4.2 Comparing material flow distances and times
Comparing the material flow distances and times of different factory layout methods for
analysis. The flowchart and measurements of material flow distances in the factory layout

are shown in Table 5.
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Table 5 Carton flow process chart (after improvement)

Current Improved Difference
Symbol
meters | seconds | meters | seconds | meters | seconds
O 6 | 3337 6 3029 | 0 3.08
I:> 7 99.55 7 95.89 0 3.66

Product: Carton

|:| ) )
D ) }
V izl -

Distance 42.99 40.04 2.95
Symbol Detail Distance Movement
(meters) Time
O E> D D V (seconds)
| e |1. Material storage - -
2. Move to cutting machine 1 2.44 6.560
3. Cut according to pattern - 0.859
> 4. Move to cutting machine 2 5.77 13.660
5. Cut according to pattern - 0.590
6. Move to printing machine 6.45 15.480
.
<\ 7. Print color according to design - 1.584
> 8. Move to grooving machine 9.63 22.990
9. Chop groove according to pattern - 2973
10. Move to adhesive department 5.56 12.970
< 11. Apply adhesive and assemble - 13.766
) 12. Move to packing machine 4.74 10.855
13. Pack product - 10.527
\0\ 14. Move to storage 5.45 13.375
I~ |15. Storage - -
Total 40.04 126.189

Faculty of Engineering, Kasem Bundit University Research Article




3F2NSSUATSINUUUTUNQ Uﬁ 15 QU_Uﬁ: 1 UNSIAU-IVVNYU 2568 33

5. Conclusion

The researchers have designed and laid out various factory layouts using the principles
of the relationship chart and utilized the total closeness rating method. As the factory
produces a diverse range of products based on customer orders, the study focused on
production processes, material flow, and the transportation of raw and finished products
during production. This preliminary data served as a basis for improving the factory layout,
emphasizing convenience for the production processes and minimizing the overall distance
for material and product transportation.

For the factory layout improvement experiment, the researchers systematically designed
a new factory layout by studying the flow of materials and products. The evaluation of the
efficiency of the designed layout revealed that the new factory layout could reduce both
distance and work time compared to the traditional layout, leading to increased productivity
[14, 15].

1) Analysis of the proposed factory layout

Following the evaluation of results and distances, which includes the time required for
material transportation in the updated factory layout, the key determining factor is the
comparison of distances and time for material transportation, as illustrated below in Tables

6 and 7.

Table 6 Material flow distance comparison

Distance (meters)
Product
Before Adjustment | After Improvement
Carton 42.99 40.04

Distance decreased by 6.86 percent.

Table 7  Material flow time comparison

Time (seconds)
Product
Before Adjustment | After Improvement
Carton 143.846 126.189

Time decreased by 12.27 percent.

UnA2IUI9Y ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ




34 Kasem Bundit Engineering Journal Vol.15 No.1 January-April 2025

2) Analysis of the differences between old and new factory layouts

The interrelations and advantages of each department, which were not structured
following standard factory layout principles, led to adjacent departments potentially lacking
reciprocal connections. In contrast, the newly designed factory layout ensures that
neighboring departments benefit mutually. The traditional factory layout had a distance of
42.99 meters. In comparison, the proposed factory layout reduced the distance to 40.04
meters, representing a reduction of 6.86 percent in the distance and a 12.27 percent

reduction in time.

6. Recommendation

From the research conducted on the design and layout of the carton manufacturing
plant, it is evident that there should be improvements in the workflow and the internal
environment of the plant to ensure efficient operations and produce higher-quality products.
The plant should consider making the following improvements based on the recommendations:

The plant should have in-house engineers to oversee and control the employees' work
practices, ensuring that operations are carried out correctly and providing knowledgeable
guidance to the workers.

The plant should design layouts and positions of machinery, personnel, and raw
materials that align with the actual production processes in the facility.

Clear symbols should be implemented to delineate the work areas of the machinery,

ensuring a safe working environment.
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ABSTRACT
This paper presented an optimum pattern of four most popular roof trusses and the lightest

weight of the standard truss. The designed structure maintained strength and safety under
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the limit states of standard steel structural design in accordance with the Engineering Institute
of Thailand standards 1015-40 by using the Allowable Stress Design (ASD) method. In this
study the height of truss was used as the parameter for making results convergent to the
optimum point, and resulting in reduction of the structure's weight. Results from the study
showed that the lightest truss pattern was the fan truss, and the weight of the truss at the
optimal point was reduced from standard pattern by 29.3%. Therefore the study of optimum
pattern for steel roof truss design might offer an alternative outcome for lower the cost of
construction.

KEYWORDS: Roof Truss, Limit State, Optimization
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ABSTRACT

This work presents the thermal performance and economic perspectives of a high temperature
heat pump dryer. The optimal design under the thermodynamic and computational fluid
dynamics (CFD) methods are used to develop the prototype heat pump system. A drying
chamber of 0.94 m® is supplied heat by a 3.2 kW R-134a heat pump. Gymnema tea is used
to evaluate the thermal performance at a drying temperature of 45-60 °C. The optimal data
are found under the testing conditions of an operating time of 240 minutes, a moisture
content of 60% Wet-basis, a drying rate of 1.20 kg,/(kgs*min), and a specific consumption
of 3.71 kWh/kgg. Drying efficiency, energy efficiency ratio (EER), and heating coefficient of
performance (COP,) are approximately 71.56%, 2.42 kW,/kW,, and 5.37 respectively.
Economic results are a payback period of 1.02 years and an internal rate return of 49.9%.

KEYWORDS: Gymnema tea, Coefficient of performance, Drying efficiency, Payback period

1. Introduction
Gymnema is a common ingredient in the northern area, Thailand cuisine as the local
vegetable and commercial herb tea. Traditional products are used to prevent diabetics [1, 2].

Many drying techniques are used to dry Gymnema such as solar drying process under a
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dying time of 1-2 days. This process reveals disadvantage point as a long operating period,
a limit-potential of solar energy, and a climate of the northern area. From above results, an
active drying method is presented in commercial product. Heater hot-air over and vapor
compression heat pump as directly driven from electrical power are represented in present.
In this work, a high temperature heat pump at the range of 40-70 °C for drying Gymnema is
developed to handle the high quality vegetable and price products [3].

Natural antioxidants, color, quality, and consumer acceptance [4-6] are productivity from
the expected drying products. Heat pump drying system is a common method for removing
moisture, microbial spoilage, and chemical reactions [7]. Heat pump technique was reported
by various works such Singh et al [8], who evaluated the suitable drying conditions in terms
of the humidity and temperature sensitive values. Mohanraja et al [9] and Tunckal and
Doymaz [10] showed energy saving from exhaust heat recovery unit. The integrated systems
between heat pump and other technologies in drying process were implemented by Cheng
et al. [11] and Cranston et al [12]. Binnisha et al [13] presented a compound parabolic solar
dryer to extract moisture from a material of 74% Dry-basis to be a final moisture 7% Dry-
basis. Drying time and drying ratio were approximately 12 h and 3.5, respectively. Sanpang
[14] focused on a drying kaffir lime leaves from a hybrid heater-heat pump system. The dried
kaffir lime leaves revealed the best color at a hot air temperature of 45-55 °C. Seanmeema
et al [15] studied a curcumin-heat pump dryer. An initial moisture content of approximately
moisture content of 525-565% Dry-basis was extracted to a final moisture content of 10%
Dry-basis. Three step temperatures of 45 °C, 50 °C, and 55 °C are designed as drying
performance at a velocity of 0.5 m/s. Coefficient of performance (COP) was found at the
range of 2.149-2.919. Chunkaew [16] reported a banana slide of 400 g at an initial moisture
content of 281% Dry-basis, which was dried to a low moisture content of 6.24% Dry-basis.
The COP values were found in the range of 3.32-4.24. Saengsuwan [17] analyzed
chrysanthemum flowers to reduce a product moisture lower than 5%. An optimum
temperature of 65 °C was reported under a testing time of 8 h and a power consumption
1.091 kWh/h. Auprakul et al [18] focused water hyacinth by a R-22 heat pump dryer. Three
temperature levels of 40 °C, 50 °C, and 60 °C were conducted for the drying periods of 4 h,
5 h, and 6 h, respectively. The COP results were 5.25, 4.88, and 4.51, respectively. Aktas
et al [19] studied a heat pump mint leaves dryer. The dryer—air heat recovery unit, air

source, heat pump system, and proportional temperature controlle—were developed. The
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experiment results were performed at a velocity of 2 m/s, 2.5 m/s, and 3 m/s under the ambient
temperature of 35 °C and a COP of 4.06.

As mentioned above, many works reported the analyzing of vegetable drying process.
Various types of vegetables used the heat pump system to reduce humidity. The correlation
conditions of drying chamber volume, temperature, air pressure drop, velocity, air ventilation,
humidity, moisture content, and power consumption are not investigated on an optimal heat
pump dryer. Thus, in this work an optimal design based on thermodynamics, computational
fluid dynamics (CFD), energy consumption, drying time, and economic perspectives is
implemented. The objective of this study are as follows:

1) To develop a high-temperature heat pump dryer for hot air temperature of 40-70 °C.

2) To optimize the suitable drying conditions under the thermodynamic, CFD, energy
consumption, drying time, and economic impacts.

3) To evaluate the drying curve of Gymnema tea.

2. System description

A schematic diagram of the heat pump drying chamber is depicted in Figure 1 (a). The
ambient air at points 1-2 is used as heat source of an R-134a vapor compression heat pump
cycle. Heat transfer process between the ambient air and refrigerant is conducted at an
evaporator, as presented in Figure 1 (b). Working substance at a low-temperature boils at a
low-pressure into vapor at point 1H. A compressor is used to increase the vapor working
fluid temperature and pressure at point 2H. A super heat vapor rejects heat at a condenser
by using the moist air in a drying chamber at point 3. Working fluid is consolidated to be a
liquid phase at point 3H. At the same time, hot air is boosted to a high-level heat of
approximately 60-70 °C at point 4. A hot air blower is used to circulate hot air with a low-
relative humidity (RH, %) through drying material. A high-humidity air at point 5 is rejected
by an intake air vent at point 6. At the same time, the fresh air is conducted by a ventilation
fan to reduce the relative humidity of drying air at point 7. The liquid working fluid at point
3H is depressurized by an expansion valve at point 4H, and the new vapor compression

cycle is restarted. A R-134a heat pump prototype is visualized in Figure 1 (c).
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(a) A Schematic diagram of drying chamber

(c) The prototype of heat pump dryer

Figure 1 Heat pump dryer

3. Materials and methods
3.1 CFD analysis

The CFD method is used to simulate the optimal parameters of velocity, pressure, and
temperature, as specified in Table 1. The velocity of the air directly affects heat transfer and
the evaporation of moisture from the drying object. The pressure inside the dryer may influence
the rate of moisture evaporation, while temperature is a critical factor in controlling the
evaporation rate of moisture from the material being dried. The heat pump system—R134a
refrigerant, 0.746 kW compressor, 2.75 kW evaporator, 3.2 kW condenser, and 1 TR expansion

valve—are implemented. The drying chamber is designed at a 1.10 m-width, 0.58 m-deep,

1.47 m-height, and 0.94 m>-volume.
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Table 1 Input parameters for the CFD simulation.

Parameter Input value Unit
Fluid Air -
Heat source 70 °C
Volume flow rate 0.068 m*/s
Pressure openings Environment pressure -
Outlet velocity 2.5 m/s
Maximum gap size 0.00135 m

3.2 Drying test

Drying material is a Gymnema of 2 kg at a size of 5 mm. Dry bulb temperature, relative
humidity, velocity, mass, and power consumption are continuously measured. Temperature
and relative humidity sensors are the Tenmars TM305U Humidity Datalogger at a
temperature range of -40 °C to 85 °C and a relative humidity range of 1-99% under an
accuracy of +0.61 °C and +0.58%, respectively. The power logger is the TEKON550 power
analyzer at the operation range of 0.016-600 kW and an accuracy of +0.9%. The drying
conditions of 45 °C for 240 minutes, 55 °C for 60 minutes, and 60 °C for 30 minutes are

designed for Gymnema tea.

3.3 Thermal performance of heat pump dryer

Thermal performance of the heat pump dryer is presented in terms of the specific
moisture extraction rate (SMER, g,/kWh), heating coefficient of performance (COP}), drying
efficiency (No,, %), energy efficiency ratio (EERp,, kW/kW,), and specific energy
consumption (SEC, kWh/kgg), as presented in Figure 2.

3.4 Economic analysis

Economic analysis of the heat pump dryer for Gymnema tea focuses on the payback
period (PB, y), net present value (NPV, USD), and internal rate of return (IRR, %).
Mathematical correlation is represented in Figure 2. Initials parameters for economic analysis

are summarized in Table 2.
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Figure 2 A mathematical model of the drying chamber
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Table 2 Initials parameters of economic analysis

J/

Parameters Value Unit
Cost of heat pump dryer system (CpR) 2,789 uUsbD
Cost of fresh Gymnema (Cgy) 1.40 USD/kg
Cost of electricity (Cg) 0.132 USD/kWh
Cost of wage (C,,) 8.39 usD/d
Cost of maintenance (C,,) 279.80 USDly
Mass of fresh Gymnema (Mgf) 400 kaly
Mass of dried Gymnema (Mg 4) 96 kgly
Cost of dried Gymnema (Cpy) 55.96 USD/kg
Number of operation days per year (D) 200 d
Discount rate (i) 7.05 %
Life of dryer system (Y) 10 y

4. Results and discussion

41 CFD

The CFD simulation of the drying process is presented in Figure 3. The fluid dynamics

shows a regular ventilation performance of five drying material shelves. A wind speed of

1.28 m/s, an air pressure of 101,324.56 Pa, and a hot air temperature of 58.77 °C are the

average values under a steady state performance. Double drying blowers with each power

of 19 W and a diameter size of 9 inch are selected from the CFD results. A ventilation fan

of 10 W and a diameter size of 4 inch is selected to reduce the humidity of drying air for

5 shelves and 10 inch intake air vent.
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Figure 3 Computational fluid dynamics of drying process

4.2 Thermal performance

Figure 4 displays the moisture, relative humidity, and temperature data in the drying
chamber. Gymnema reveals an initial moisture of 84.50% Wet-basis. The moist air property
at a temperature of 27.37 °C and a relative humidity of 90.2% transfers heat from the heat
pump system. A testing time of 330 minutes is continuously operated with the final drying
condition of hot air cycle is a hot air temperature of 60 °C, a relative humidity of 27.67%,
and a moisture content of 1.00% Wet-basis. The best dried Gymnema product reveals at an
operation time of 240 minutes for a moisture content of 22.50% Wet-basis, a hot air
temperature 45 °C, and a relative humidity of 41.00%. This output Gymnema product will be
sent to the roast process at a temperature of 80 °C. An essential oil readily volatile of
approximately 8.89% Wet-basis and the best aroma tea are found at these drying conditions.
The mold and musty odor are the main reasons for the low-moisture content material, which

corresponds with Dmowski and Ruszkowska [20] at a lower than 9%.
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Figure 4 Moisture, relative humidity, and temperature of the drying process

Figure 5 shows the correlation between the moisture content based on the dry-basis

standard and drying rate parameters. A moisture content of 676% Dry-basis is sharply
increased into a preheat period of 30 minutes at a high-drying rate of 8.72 kg,/(kgg*min). In

a constant drying rate period of 30-150 minutes, a drying rate of 5.52 kg,/(kgg*min) reveals

to extract moisture out of the surface of drying materials. In a falling drying rate period of

120-330 minutes illustrates a low-drying rate of 1.45 kg, /(kgg*min).
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Figure 5 Moisture content and drying rate the drying process
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Figure 6 shows the specific moisture extraction rate (SMER) and humidity ratio ((,
0gw/kg.i) inside the drying chamber. The average SMER value of the 240-minute drying period
is 0.062 kgy/kWh, which is nearly with that of Hossaina et al [21] of 0.038 kg,/kWh. At the
same time, the humidity ratio of drying air is approximately 29.72 gy/kgy, during the drying

period.
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Figure 6 SMER and humidity ratio of the drying chamber

Figure 7 shows the drying efficiency, COP, and EER. Drying efficiency is approximately
51.18-74.92%, which corresponds with that of Singh et al [22] of 50.9% and Hossaina et al
[21] of 78.23%. The COP impact slightly decreases, when the condenser temperature
increases. This effect is directly driven from the temperature difference between heat source
and heat sink. The minimum and maximum COPs of approximately 4.88 and 5.43 are found
from the hot air temperature of 60 °C and 45 °C, respectively. The COP of this work is nearly
with that of Aktas et al [23] of 5.25 and Hossaina et al [21] of 5.45. Energy efficiency ratio
of drying chamber is approximately the range of 2.05-2.59 kW, /kW,. The EER result is

correspondingly with the drying energy. The average thermal impacts of the drying chamber

are presented in Table 3.
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Figure 7 Efficiency and EER of the heat pump system

Table 3  Operating condition of Gymnema tea at the operation time of 240 minutes.

Properties Value Unit
Temperature in drying chamber (T,.) 45 °C
Temperature ambient (T ,.,;) 32.9 °C
Relative humidity in drying chamber (RH,,.) 41.00 %
Relative humidity ambient (RH,,) 62.7 %
Initial mass of Gymnema (Mg ) 2 kgg
Mass of Gymnema (Mg;,) 0.42 kge
Mass water of Gymnema (Mg ) 0.09 kg,
Mass of moisture content 0% (Mg ) 0.23 kge
Moisture (WB) 22.50 Y%wb
Drying rate (DR) 0.27 kg./(kge-min)
Moisture content (MC) 60 %
Latent heat of evaporation (hg) 2420.06 kJ/kg,
High absolute pressure (Py) 2.29 MPa
Low absolute pressure (P,) 0.37 MPa
Refrigerant temperature 1H (T,y) 28.6 °C
Refrigerant temperature 2H (T,y) 53.2 °C
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Table 3  Operating condition of Gymnema tea at the operation time of 240 minutes.

(continued)

Properties Value Unit
Refrigerant temperature 3H (T3y) 321 °C
Enthalpy 1H (h,y) 422.4 kJ/kg
Enthalpy 2H (h,) 461.8 kJ/kg
Enthalpy 3H (hs) 250.5 kJ/kg
Heat capacity of drying chamber (Qp,y) 2.01 kW
Heat capacity of condenser (Q¢) 2.94 kW
Power consumption of drying chamber (W, 0.824 kW
COPy 5.37 -
Noy 71.56 %
EERp, 242 kW, /kW,
SEC 3.71 kWh/kgg

Figure 8 shows the SEC and mass of Gymnema tea. The SEC is directly driven by
electrical power consumption. The mass of Gymnema tea is inversely with the SEC and
drying time. The appropriate drying time of 240 minutes specifies the SEC and material mass

of 3.71 kWh/kgg and 0.4 kgg, respectively.
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Figure 8 Specific energy consumption and mass of Gymnema tea
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Figure 9 shows the correlation between the moisture content based on the dry-basis

and drying rate parameters of the simulation and experiment. It was found that the dry-basis

value from the simulation was lower than the experiment and was equal to 0 at 270 minutes,

while from the experiment it was equal to 0 at 300 minutes because the predicted drying

heat value was higher than the experiment and the heat loss due to the drying chamber wall

was not taken into account.
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Figure 9 Simulation and experiment of moisture content based on the dry-basis and

drying time of Gymnema tea

Currently, drying agricultural products is very important in terms of the economy and

food security of Thailand. Therefore, it is an opportunity to expand this innovation to develop

the community economy in a commercial way. The survey on reducing moisture of

agricultural products uses a temperature range of 40-60 °C and requires cleanliness and

precise temperature control. In the past, the heat pump dryer has been used for other

agricultural products that need to be dried in this range, such as Assam tea, herbs, and

coffee husks. The quality of the product after drying is very good.

4.3 Economic analysis

A total investment cost (TIC) of 2,789 USD and a maintenance cost of 279.80 USD/y

(approximately 10% of investment cost) are the main expense costs of drying chamber. A
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discount rate of 7.05% [24], an operation time of 5 h/d and 200 d/y, and a lifespan of 10 y
are assumed as the initial conditions to investigate the PB, NPV and IRR parameters. A
market cost of dried Gymnema tea of 55.96 USD/kgg is advantage from drying process,
which is higher than a fresh Gymnema tea of 1.40 USD/kgg or approximately an increase
income rate of 40 times. Total income is approximately 5,372 USD/y, while reveals a power
consumption of 119 USD/y. Payback period, net present value, and internal rate of return

are 1.02 y, 16,366 USD, and 49.4%, respectively.

5. Conclusions

From above study results, it can be concluded as follows:

1) The novel R-134a vapor compression heat pump—R134a refrigerant, 0.746 kW
compressor, 2.75 KW evaporator, 3.2 kW condenser, and 1 TR expansion valve—is implemented.

2) The CFD results—1.28 m/s wind speed, 101,324.56 Pa air pressure, and 58.77 °C
hot air temperature—conduct the double drying blowers of 19 W/unit, ventilation fan of 10
W, 5 shelves, and intake air vent of 10 inch.

3) The optimal drying condition is the hot air temperature of 45 °C, drying time of 240
minutes, moisture content of 60% Wet-basis, drying rate of 1.20 kg,/(kgg-min).

4) Thermal performance of the drying chamber is performed as the drying efficiency of
71.56%, COPy, of 5.37, EERp,, of 2.42 kW,/kW, and SEC of 3.71 kWh/kg.

5) Economic results in terms of the payback period, net present value, and internal

rate of return are 1.02 y, 16,366 USD, and 49.4%, respectively.
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ABSTRACT

The Khon Kaen Light Rail Transit (LRT) system is designed to operate on median lanes to
minimize conflicts with other vehicles. However, intersections remain critical conflict points.
This study aims to propose traffic lane redesigns, the addition of new intersections, and the
application of Transit Signal Priority (TSP) to mitigate intersection conflicts. UAVs were
employed to collect traffic volume and physical data, while a micro-level traffic simulation
model was used to analyze four scenarios: (1) no project implementation, (2) LRT with fixed-
time traffic signals, (3) LRT with intersection improvements and fixed-time signals, and
(4) LRT with intersection improvements and TSP. Results for 2026 show that Scenario (1)
yields the best outcome, as current road capacity is sufficient, and LRT adoption is low. By
2046, Scenario (4) is most effective due to increased traffic and the availability of public transit
as an alternative. TSP allows LRT and main road vehicles to pass through intersections
simultaneously, reducing delays. The redesigned lanes and new intersections also significantly
cut travel time and congestion. Theoretical/Policy Implications: This research provides a
framework for managing conflict points, aligning traffic systems, and improving connectivity

KEYWORDS: Public transit system, Traffic simulation model, Unmanned aerial vehicles
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ABSTRACT
This research aims to design and construct an energy-saving electric distiller with a ceramic
fiber insulated furnace wall using 1,800-watt electric coil and an electrical heating system.
The research results are divided into 2 parts: 1) The results of an energy-saving electric
distiller covered with ceramic fiber insulation compared to heating with a cooking gas stove
to distill water using the steam distillation method. 2) The results of an energy-saving electric
distiller covered with ceramic fiber insulation compared to heating with a cooking gas stove
to distill mint essential oil using the steam distillation method. 3) Analysis of various properties
of products obtained from mint processing using an energy-saving electric distiller found that
the results of an energy-saving electric distiller covered with ceramic fiber insulation
compared to heating with a cooking gas stove to distill water and mint leaves using the
steam distillation method took similar distillation times. The electricity cost for using the
research prototype is only 11.67 to 37.82 baht, which has a lower energy cost than distillation
by heating with LPG cooking gas by 4 times, and in the distillation of essential oil from mint
leaves with an energy-saving electric distiller covered with ceramic fiber insulation, compared
to heating with cooking gas the values are similar. The density of the oil obtained in the
production process of the prototype from this research and the LPG cooking gas stove are
also close to each other. The average density of mint oil obtained is 0.902 grams per milliliter,
but the cost of electricity or fuel used in distillation by the prototype is 4 times lower than the

stove that heats with cooking gas, but the mint oil obtained has similar properties. The top
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5 chemical components of mint oil are Water, L-menthone, Methyl acetate, Menthol and
Alpha-pinene, and have a similar %Match. Therefore, the mint oil production process with
an energy-saving electric distillation machine covered with ceramic fiber insulation is suitable
to be used as a tool for producing mint oil or distilling other desired substances as an
alternative in selecting tools that reduce energy consumption.

KEYWORDS: mint essential oil, distiller, insulation, ceramic fiber, steam distillation
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ABSTRACT
The increasing elderly population has led to a growing demand for furniture designed to
enhance their quality of life. This research aims to design and develop a multifunctional table
and chair set for the elderly by applying the Quality Function Deployment (QFD) technique.
The study began with an investigation of the daily activities of the elderly, followed by an
analysis of customer preferences regarding multifunctional furniture. A questionnaire was
developed to assess the importance of various customer needs, which were then used as
input data for QFD analysis. The analysis was conducted using two matrices: (1) a product
planning matrix, which translates customer requirements into technical specifications, and
(2) a design transformation matrix, which identifies the correlation between design elements
and pinpoints weaknesses in sub-assemblies requiring further refinement. The research
results show that the newly developed product has improved design, quality, materials,
functionality, and cost-effectiveness. A prototype was subsequently evaluated by three
groups: (1) potential buyers of multifunctional furniture for the elderly, (2) manufacturers, and
(3) rubberwood furniture users. The findings indicate that customers rated modernity of form

and structure as the most satisfying factor, with an average satisfaction score of 4.59.
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Additionally, functionality and versatility ranked second, receiving an average satisfaction
score of 4.53. The research demonstrates that the designed products can effectively meet
the needs of their users.

KEYWORDS: Product design, Quality function deployment, QFD matrix, New furniture
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ABSTRACT

This research presents an analysis of the design of transformers used in distribution systems

to minimize material costs, achieve acceptable loss values, and comply with regulations. The

Faculty of Engineering, Kasem Bundit University Research Article




3F2NSSUATSINUUUTUNQ Uﬁ 15 QU_UF\: 1 UNSIAU-IVVNYU 2568 ]E5

research process involves designing the transformer while considering loss values and
comparing the costs of key materials. The study focuses on transformer sizes commonly
used in the industrial sector and installed in the distribution systems of the Provincial
Electricity Authority (PEA). The selected transformer 3 Phase 50 Hz 22000-416/240 V Dyn11
sizes are 250 kVA and 500 kVA, in accordance with the new regulations announced by the
electricity authority. The results from the design analysis can serve as guidelines for
improving transformer designs to reduce costs, increase efficiency, and ensure that loss
values meet regulatory requirements. Additionally, it provides a good basis for decision-
making when selecting transformers with low loss values.

KEYWORDS: transformer design, power losses, efficiency, costs
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Design Cost (%) Total Loss (%) Efficiency (%) Total loss (W)
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D 109.85 97.96 98.82 2976.62
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F 100.00 100.00 98.80 3038.50
G 102.32 100.78 98.79 3062.36
H 105.21 101.96 98.78 3098.18
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250 kVA 500 kVA 500 kVA
Qma&lﬂawﬁauﬂaﬂﬂﬁ’l Design F Design F Design F
Jamnwalna | Jamunalua | Jamvinalas
High voltage (V) 22000 22000 22000
Low Voltage (V) 416/240 416/240 400/230
HV. Current (A) 6.560 13.12 13.12
LV. current (A) 360.84 693.93 721.69
Vector Group Dyn 11 Dyn 11 Dyn 11
No Load Loss (W) 351.20 581.96 832.80
Load Loss (W) 2678.30 4515.20 4868.50
Total Loss (W) 3038.50 5097.16 5701.30
Short circuit impedance (%) 4.05 6.48 6.35
Voltage regulation (%) 1.16 1.10 1.16
Efficiency (%) 98.80 98.99 98.87
HV. Winding temp. rise (°C) 51.35 50.90 53.60
LV. Winding temp. rise (°C) 52.12 51.30 53.90
Top oil temp. rise (°C) 43.80 43.00 44.00
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(@1elnania3asas 210 kVA)

v v o IA 4 1 a
(2) tudanndaudad 500 kVA s1wiunitainIedazinelnandseants 84 % vadRna
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500 kVA 500 kVA 250 kVA
N8N ¥ o a ¥ o 1 1 o
(VNI UALAN) (Fanvinalunal) (waazLAsay)
No-load loss (W) 832.80 581.96 351.20
Load loss (W) 3435.21 3185.93 1889.81
Total loss (W) 4268.01 3767.89 2241.01
Efficiency (%) 99.15 99.25 99.11
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(%Load)2 x Loss
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ABSTRACT

This research investigated the efficiency of antibiotic removal from hospital wastewater using
a membrane bioreactor system. The system was operated with a hydraulic retention time of
3 hours, comparing microbial sludge concentrations of 4 g/L and 6 g/L. The system was
initiated once the microbial sludge reached a stable treatment state, with each experiment
running for approximately 60 days. The results showed that a higher microbial sludge
concentration (6 g/L) exhibited superior antibiotic removal efficiency compared to a
concentration of 4 g/L. At the concentration of 4 g/L, the system achieved 100% removal of
lincomycin and trimethoprim, while clarithromycin, ciprofloxacin, and norfloxacin removal
efficiencies ranged between 17.0% and 57.0%. Increasing the microbial sludge concentration
to 6 g/L resulted in 100% removal of lincomycin, erythromycin, and trimethoprim, while the
removal efficiencies for norfloxacin, ofloxacin, levofloxacin, and doxycycline ranged between
42.0% and 53.3%. However, the system was unable to eliminate ampicilin and
sulfamethoxazole at both sludge concentrations (4 and 6 g/L). These findings indicate that
microbial sludge concentration significantly influences antibiotic removal efficiency and can
be utilized to optimize hospital wastewater treatment systems for improved performance.

KEYWORDS: Antibiotics, Hospital Wastewater, Membrane bioreactor
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Parameter Wastewater Quality
pH 71 25 °C 6.8£0.07
BOD (mg/L) 241418.25
COD (mglL) 455+91.02
TKN (mg/L) 38+15.59
NH,-N (mgN/L) 3148.72
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Parameter Wastewater Quality
NO,-N (mgN/L) 0.048+0.02
NO,-N (mgN/L) 0.440.2
Total Phosphate (mg/L) 11.512.4
TSS (mgiL) 118+114
TS (mglL) 7231245

WHNBLAG: TUIUAIDENNIANG 1YL 8 @883 (n = 8)
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(1) dranutdunsa-a1d (pH) (2) AN WA (Electrical Conductivity, EC (3) qnmgﬁ
(4) USanmaandianazansiin (Dissolved Oxygen, DO) (5) §ilad (Biological Oxygen Demand,
BOD) (6) G1ad (Chemical Oxygen Demand, COD) (7) waxlaiity (Ammonia Nitrogen, NH;-N)
(8) fiLaLdw (Total Kjeldahl Nitrogen, TKN) (9) 284ud9uu2%as (Suspended Solids, SS)
(10) pasudenzanoin (Total Dissolved Solids, TDS) luwasi fuen1sdtiunisaruis
mmg”lu‘ﬁlﬁ’muﬂlu Standard Methods for Examination of Water and Wastewater [26] lag
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(2) anui Wi (3) aaunadl @) USunmoandianazansin sududasldieiesiionsiata
wunwnwdunasgususes desndidasuudasldainme

s fFmzivhmsinenlunuissildaidananeu jiueanoluwindolsmealu

Uszinalneg 37u9u 19 sia laun Amoxicillin (AMC), Ampicillin (AMP), Tetracycline (TC),
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Chlortetracycline (CTC), Oxytetracycline (OTC), Doxycycline (DOX), Erythromycin (ERY),
Clarithromycin (CLA), Tylosin (TYL), Lincomycin (LCM), Sulfadiazine (SDI), Sulfamethoxazole
(SMX), Nalidixic acid (NAL), Norfloxacin (NOR), Ofloxacin (OFX), Levofloxacin (LFX),
Ciprofloxacin (CIP), Enrofloxacin (ENO) W&z Trimethoprim (TMP) F9usznavudiy 7 naNen
fa Penicillin, Tetracyclines, Macrolides, Lincosamide, Sulfonamides, Quinolones [6, 17]

msaﬁ'@mﬂg’jﬁ’mzmnﬁ’mmmLL“ﬁau,awaammmﬂ@”’;asmf:m,ﬁﬂ"léf@‘hl,ﬁumm’m
35113289 U.S. Environmental Protection Agency [27] laamIanaansHIUAINaNY Oasis
HLB 200 mg U3u1ms 6 mL (Water, MA, USA) I@Uﬂamﬁwﬂj’umaamﬂﬁ%'suzﬁmwﬁm
m’%iaa liquid chromatography 30N mass spectrometry (LC-MS/MS) lasfigudsznauiiu
Thermo Scientific, TSQ Endura, Column: Polaris 3 AaaxtTia C18-A50.0 x 2.0 mL Varian,
injection volume 10 L laodl spray voltage ‘ﬁl 3500 Volt I@ﬂﬁ@]@i‘i iron transfer tube LAz
vaporizer 'ﬁlaqm‘ﬁqﬁ 325 uaz 275 °C WAZAIAEEIN mode of ionization probe finnsle
electrospray ionization plus (EST+) 14 mobile phase A: 0.1 % formic acid 1%‘5’1 AO; mobile
phase B: 0.1% formic acid lu&138za18 50% lasi3u1a3s Acetonitrile Waz 50% lasy3uias
Methanol [6] lagiannuidutusasenuffine Iniamiu lulasnsudadas d1wsue lower
limit of detection LYiNAY 1 g/l wazlaadien coefficient of determination of all calibration
curves 1848113 19 Thafidn ¥ > 0.98 I@ﬂslﬁ’msmmgmmaamﬂﬁ%mzﬁimmu'ﬁqﬂﬁr
NN 99% INUIBN Sigma-Aldrich (USA)

3.  Wanmsauazandse

3.4 @nmdszAandnwnsthiadiedlesilinsalinmssiusuiianasad
mmmnauq%un‘%ﬁumn@haﬁ’u
msmaaafta:ﬁnmiﬁnmwamaammL’ﬂ"uﬁumam:nauqﬁuw‘%ﬁ@iaﬂszﬁwﬁmw

msthiaindofsesnafuinduiemannsimanzas TesSouisuanududuaes

aznawaduNIy 2 anudutu laud anududusesudonaiuaosluiinsusosuds

WU I UV I AR INRY (Mixed Liquor Suspended Solids, MLSS) ‘ﬁ 418z 6 g/L ANRAL

wardaaIINTUa U LFULTNTZUY 400 L/h HAN15LATIERUIZANTAIWATLARIZUY MBR

L tﬁl
LRANGNAITINN 2
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@39 2 UszEnsamnisitiaifedlgssuy MBR Aanadasuaasaznan
awn3danenn
1% Condition 2" Condition
(4,000 mg/L) (6,000 mg/L)
Parameter Influent Effluent Removal Effluent Removal
Efficiency Efficiency
(%) (%)
pH ﬁ 25 °C 7.510.31 7.4+0.5 - 7.510.4 -
Conductivity (LS/cm) 11701499 826123 - 783129 -
BOD (mg/L) 328141 7.810.8 97.6 2.510.4 99.2
COD (mg/L) 46219.5 40120 91.3 14.5+3.2 96.9
TSS (mglL) 117+4.6 5+3.2 95.7 5+2.9 95.7
TDS (mg/L) 830%295 640121 22.9 55016 33.7
TKN (mg/L) 5247.1 5.615.3 89.2 0.341+0.06 99.5
Ammonia (mg/L) 40+5.1 3.4%+27 91.5 0.14%0.08 99.7
Nitrate (mg/L) 0.610.01 18.510.8 - 22+1.2 -
Total Coliform >160,000 4817.8 99.9 1116.4 100.0
(MPN/100 mL)
E.coli (MPN/100 mL) >160,000 2012.8 99.9 2+1.6 100.0

WANBLNAG : - $NUINGIDENITIRNA YU 8 §8Ens (n = 8)

- Influent &8 g szunhaiEe

- Effluent fio #hasnannszuuthiaingy

- Removal Efficiency @8 UszAnsmnlumsthiadiifevadszuy MBR (%)

Nami‘n@aaawmfnmmLﬁuﬁumam:nauﬁgﬁuﬂ’%ﬁﬁwa@iaﬂs:ﬁw%mwﬁm"’m{uﬁﬂ

wamﬁmm:ﬁﬁﬂﬁaﬁm’mLﬁuﬁumaamﬂamﬁuﬂ%ﬁ4 LRz 6 g/L WU pH Aawvinnu 7.4
Waz 7.5 WS Wnfiaien BOD AawaaIvinniy 7.8 mgiL (97.6%) uaz 2.5 mg/L (99.2%)
ANEAL féﬁaﬁﬂﬁmumsﬂm‘”@ﬁmqummgnuﬁwﬁamnawawsﬂs:anIiowmma
($98N91 20 mg/L) ARANIINAREY §IUA1 COD AILRABLYINAL 40 mg/L (91.3%) Waz 14.5

mg/L (96.9%) MNUFIAU KIWNMHNIAIZIH (HBUNT1120 mg/L) REAARBINLITUITLVDY
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Dos Santos et al [28] ld¥i1n13dnw115zanEa1wn1stasindoanlssneiuna lag
Lﬂ%ﬂuLﬁammil,am:uuﬁvl,ajﬁmsmuqummL°1T;J°1Tw11aamnau@ﬁun%ﬁua:muqumm
inTuvasaznaugunis ‘wu:hLﬁamuqmzﬂauqﬁuw%ﬂﬁﬁmﬁmﬁuﬁﬂmﬁu 13 g/L 2
M lAUs=dnsarwn15ti1da BOD uaz COD g4 YaiiUszAnnwuesnisiinga BOD uax
CcOoD ﬁmmé’ww”uﬁﬁ'umimuqumuqmnaulﬁmmmué’w lumu%'ﬂf:muqm:ﬂaulﬁﬁ
ANMUTUTUT 4 unz 6 giL wuduﬁamﬂqmnamﬁuﬁummﬁuﬂi:ﬁﬂ%mwwﬁﬁ’m‘”@ BOD
ez COD Bnee sonnsaInLITwIsufHIwaNas Prasertkulsak et al [29] 'ﬁ'ﬁﬂmwamaamq
aznoudalszAnsmwnnstsainidsanlsneiuns wm’wLﬁamuqumq@zﬂamﬁuﬂ%‘i
wenin 15 d axvnlwdszansnmwnsthdaindessmsmsaen anssdae %amsm‘qu
mqmnauﬁgauw%ﬁmguwi 30 d Inltazgreldszutniainds SussEnsnwuaz s
anumannlunmtaanguold gt meUsunm TKN Twinfefinnudutuaznon
RUNIIN 4 gL fdLaasnny 5.6 mg/L (89.2%) USu1ts Ammonia feidusniade
\WiNAU 3.4 mg/L (91.5%) %é’ammfw,ﬁ'uLﬁuﬁumaomﬂauqﬁuﬂ%ﬁﬂu 6 g/L USaunas TKN 1w
infisfidaiainiy 0.28 mgiL (99.5%) USunas Ammonia AatdudA1iadsyinniy 0.14 mgiL
(99.7%) Tagsinfiraunistnsadan TKN agjisl,ummsvi‘mmgﬂm{ﬂﬁqmﬂmmiﬂizm‘n
Tsanenuna (Waenin 35 mgil) a:Lﬁuvl@T’jwLfiamquﬂau@aﬂfmzdaNaiﬁaaimiﬂsﬂﬂ
TuasWssnuafisainsiuan waztilinszuumsluaifintuia laauy ol idunarils
wadszinsawlunisiidalulasiawlduinnin 95% ﬁﬂ'ﬂmﬁwﬁumﬂauqﬁun%‘ﬁm’]ﬁu
4 g/L USu1m Total Coliform fetafefl 48 MPN/100 mL (99.9%) was E.coli i adsf
20 MPN/100 mL (99.9%) LﬁaLﬁummL?Tuiu@:nauqﬁuw‘%ﬁtﬂu 6 g/L USunm Total
Coliform flentadai 11 MPN/100 mL (100.0%) ua E.coli §f1adafi 2 MPN/100 mL (100.0%)
Mnuamadisuifisudszinsnmnstdasiided e fasaifinmwaaius azneu

a a e v @ Y a a 0 a a6 ' '
ﬁ;auﬂiﬂﬂﬂ’nm’ﬂuﬁlu 4 g/L I%ﬂizﬁﬂﬁﬂ’lWﬂ’liU’mma’liau‘ﬂmmﬂﬂ’n 90% LRAIINTEUUY

€

gnsalfinwwsusundnsuiveiuFelsawenunasuisaltanudutiwaznaw

v
a 6 @ '

A & T e e A o
aunddasud 4 giL duldazmslidsz@nawmathdaadunidlaadn

Pyl L]

¥
-~

3.2 Aenzdasnaamiinulwiudalsmeuiauaznazasssnguencaiiagawnis
Twszuuasnsaidrimmaanusn
nudspilaninisAnedszEniniwsesszuundansdfnsoifrinwianiusuly
o o ' ad A9 o o 1 ] L A va & Y o a [ 4

nsidanguond fErusnldiuadrauninatoludeadu seg33uldviinnsdiasei

]
=

anuidudurassnljiiuzinadnsinazesanaduiuzesaznauadunidluasn
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v v
el ¥ A

AMULTNTY 4 LAz 6 g/L aus1au Immjuszﬁ%m:ﬁﬁwmﬁmﬁzmmau 19 v#ia lag
NamﬁLq-?m:ﬁﬂi:?{ﬂ'ﬁmwmsﬂﬂﬁmﬂ@;umﬂﬁ%au:uam@”@msnﬁ 3 NANIILATIER
ﬂi:ﬁﬂ%mwmsﬂm”@mﬂﬁ%m:ﬁm’mLiuﬁumznaugﬁuﬁﬁ 4 NINGORAT WuBNUTIue
10 %@ luﬁ’ll,ﬁﬂ VL@TLLTi LCM, NOR, OFX, LFX, CIP, AMC, SMX, DOX, CLA w8z TMP
AURIAL Lﬁa’imi’]:ﬁqmmwﬁﬂ*ﬁaﬁmmzuu MBR wugn 2 wfia fivhiale 100% leur
LCM uaz TMP séﬁqag'sl,unﬁjum Lincosamides Was Other ANE1AL J848987 bR CLA, CIP
waz NOR wutszansaiwlunistrdalaivinny 57.3, 39.4 uaz 17.0 wasidud ausrau
Tasnalnwanlunisisamsaangnimansonssy (PhACs) lunszuawmsthsaingens
Fanw leun (1) N3sznaaznIIfanaan (Volatilization and Stripping) i‘fuagﬁumwﬁﬂa
289 PhACs §37alan Henry's Law Constant 11893710 PhACs daulngjfidianuauladi
nalnitasfununlumsmsatias (2) nssuIunnsandiaty (Oxidation Processes) 813130
Aadwdevesdusudaiuusiuan lastawzluiadananiissfununitesluszuy MBR
(3) NIQATY (Sorption) ﬂavl,nmig@sﬁ'uﬁuag;ﬁ'uqmauﬂ'amaa PhACS LT% AUTaLNA/
auzau 'l (hydrophobicity) AaNUAYBINZNEN LAZANHULINIARIZUY 1T% pH UAZ
aunnil (4) N13aBaAIEN1ITININ (Biodegradation) LIunIzuIuNIITRANIUNNIHNTA
PhACs I@ﬂqﬁuw%'ﬂm:uuﬁm”m{uﬁﬂ ﬁuagjiﬁ'uﬂaﬁ'ﬂﬁdma@iamiﬂayamﬂ leun
Tassgdanisiaiives PhACs nsdasaatsnisldaniizidoandiaunielifoandian
J282INNLAL (HRT) Wag szaziianninuaznaw (SRT) dawa@iaiamaﬁqauﬂ%ﬁa:ﬁuw”a
wazdauaA81 e [28] @Tﬂfuﬂavlﬂ%é“ﬂﬁﬂﬁmﬁumﬂmgLﬁ@mﬂms@@a@ﬁﬂ@m:ﬂau
RUNIHUazNIHa U ENITINN wisefiduaniise TMP Jussansawnisisalu
TLAUNANITIE (47-63%) I@ﬂfﬁﬂﬂyL?Tm]”umnamgﬁuw%ﬁ@fm@i 2 nsudadas 4wl [20-31]
Wa=%aNN{ Chiemchaisri et al [6] ldAnwszannwaasszuutiaindelulsswenuna
Hauszine wudn lsswsunautisszauanuuinsanssmgy naneszay dsznaudae
lsanenunagaTu Tsswenunanaly T,sa‘wmmagmﬁI@mzuuﬂm‘"mﬁ%ﬁmlﬂﬁw HNLNAEI
Tngisunsatinia LCM lasening 71.4-96% %amﬂﬁﬂ?jmznﬁju Quinolones &ulnajazqa
ﬁ@]Ei’;mﬂauﬁlﬁuﬂ?ﬁﬁuﬁuﬁaﬁﬁﬂszqaummmﬂamﬁuw’%ﬁ nnasanuindond §oausdn
6 siialimunsatialduaswuanuduTw AN %aag’iumjwm Penicillins, Tetracyclines,
Sulfonamides 4az Quinolones A AMP, DOX, SMX, OFX 8z LFX
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a a ¢ [ aa s a a
M1379N 3 Naﬂ'\i']Lﬂi"lz“ﬂ')']“Lﬂﬂﬂ%ﬂaﬁﬂqﬂﬂﬁjﬂgiuuqlaﬂ (ng/L) wazidszansnn

o o 1 a ¥ [ a 6
ﬂ']i‘.lJ']‘.IJG]ﬂQN mﬂgfﬁ'mm'aﬂizuunaﬂgnsmmn'\wmmus%

1% Condition 2" Condition

Class Antibiotics (MLSS at 4 g/L) (MLSS at 6 g/L)

Inf (ng/L) | Eff (ng/L)| %R* |Inf (ng/L) | Eff (ng/L)| %R*

Penicillins Amoxcillin (AMC) N.D. N.D. - N.D. N.D. -
Ampicillin (AMP) 2416 63151 0.0 9+7 15110 | 0.0
Tetracyclines | Tetracycline (TC) N.D. N.D. - N.D. N.D. -
Chlortetracycline
N.D. N.D. - N.D. N.D. -
(CTC)
Oxytetracycline
N.D. N.D. - N.D. N.D. -

(OTC)

Doxycycline (DOX) | 138 21%15 0.0 281+19 1315 53.3

Macralides Erythromycin (ERY) N.D. N.D. - 9621361 0.0 100.0
Clarithromycin
38+9 1613 57.3 0.0 0.0 0.0
(CLA)
Tylosin (TYL) N.D. N.D. - N.D. N.D. -
Lincosamides | Lincomycin (LCM) | 23+14 0.0 100.0 | 69t18 0.0 100
Sulfonamides | Sulfadiazine (SDI) N.D. N.D. - N.D. N.D. -

Sulfamethoxazole
(SMX)

8118 |154%138| 0.0 87154 | 138x77 | 0.0

Quinolones Nalidixic acid (NA) N.D. N.D. - N.D. N.D. -

Norfloxacin (NOR) | 261+17 | 22410 | 17.0 2616 1311 48.0

Ofloxacin (OFX) 99110 | 348t75 | 0.0 | 206%16 | 117£18 | 44.0

Levofloxacin (LFX) | 95+10 | 329%+80 | 0.0 | 197%t14 | 112+15 | 42.8

Ciprofloxacin (CIP) | 9145 55126 | 39.4 | 53125 15112 | 720

Enrofloxacin N.D. N.D. - N.D. N.D. -

Other Trimethoprim 7111 0.0 100.0 | 286140 0.0 100.0

WUNBLAG: *%R = Removal Efficiency; N.D. = Not Detected; MLSS = Mixed liquor suspended solids
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LﬁaLﬁumﬂm%"ﬁmam:namﬁuw%‘ﬂﬂu 6 g/L wusnUjTaus 3 viia laud LCM,
ERY uas TMP figunsntnsiala 100 % uaaslfiAiuinnguon Lincosamides uaz Other
f3130tUad8IT UL MBR ﬁﬁmmLﬁwﬁumnauqﬁuﬂ?ﬂﬁmﬁLwi 4 g/L AWl (o < 0.05)
SnnanuinUszansainlunisinga Norfloxacin tANEwa N 17.0% 1% 48.0% uaz
Uszansamlumstinga CIP 1Andwan 39.4% 1w 72.0% awdeu Wuiindnainge
LEusTUUAAN T NT WY IAzNaWARD 4 g/L wuﬂ%mmmﬂﬁ%mﬂuﬁﬂﬁyﬂmﬂﬂ’jﬂuﬁﬁ
o ldur AMP DOX SMX OFX uaz LFX Sasndffuzimanilananuiianadudud lu
J=auw lunIN w1aziinannnisuantaas (de-sorption) maamgﬂﬂdaﬂﬂé’uﬁw;jmaﬁ']
(liquid phase) Tasnalnnns de-sorption aunsaLAaduldnaraass ledun (1) navasns
128979 (Dilution effect) Hoflusunmenlwingondnandinidng szuua:ﬂdaﬂm‘ﬁ'amwag
Iumaduiaﬂé'mﬁﬂ;jl,wgwﬁw (2) AEVUALDIBN 81UN9THA LT fluoroquinolones LAz
tetracyclines AnANIAATUFI Lwimmsngﬂﬂa@ﬂdama”uaanmvl,@i”l,fiaama:l,n@ﬁaw
Waswly (3) 61 pH uazdnd3aand (Redox potential) FINAADANANTTRINININATUUAS
N19 de-sorption Wag (4) Ysztnnvedszuutiiga s:uuﬂm”@ﬁﬁquuﬁﬂwam:ﬂau
L% CAS (Conventional Activated Sludge) kas OD (Oxidation Ditch) a1arirlweianng
de-sorption laundu [6, 32] LfimﬁumwLiuﬁumaamzﬂauqﬁuﬂ%'mﬂu 6 g/L H9HALH
UszAnnIwn1stintaues OFX LFX DOX @415 I@ﬂﬂﬁﬂ”@aglumﬁzwjn 42.8-53.3% #
W89 AMP 182 SMX 89WUN3 de-sorption Wi NaztAuANuENTuaznawd 6 g/l Muisan
duan laafunafisanudutuvas MLSS Snalasassdanisiaaandjiueluszuy MBR
Hanu Tt MLSS ga"fm:“ﬁmLﬁwé’@mmi@@%uuazmm'amamﬂm\‘i’ﬁ‘amwmad
#1131z Zheng et al [33] WUTY AMNLTNTUUBY MLSS 321319 8.39-11.01 g/L AHade
Usz@nBniwnisinanendj9iue seaaaadny Zhu et al [34] aFUNufInNUFNNRTIZNIN
ANMULTUT WY DY MLSS ﬁga%m:ﬁwa@mi de-sorption & T3 AMP Tnalninsanan
mstosaaoidunan Dedasands MLSS gatﬁaLa‘%umsﬁﬂmumaaﬁ;ﬁuﬂ%ﬁ waNIMNHANLIN
UszBnSnwnsinea SMX aaadiia MLSS énda 8 giL Lﬁaamﬂqﬁuﬁﬁﬁmm%mLL'LLu
8089 [35] usaaliiinine Ut uduas MLSS 7 4 uaz 6 giL g9laimaunInitia AMP uaz

sMX leatnediszsAnTnn
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o) £ o > X 3 = = x X B > 8 > > € > | E €
5T 6 £ © © &g @ 9o o o 8 5 © © ¢ £ & g
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o = =
[&] =
w

M Inf @1st period W Eff @1st period [ Inf @2nd period Eff @2nd period

= A A o 1 Aaa ~ [ YY) Aa s ¢
Judn 2 dszansnwnisiivanyugidpraucianuananyasaznawlIawnag
AN
dl a = =y a o Qs aa dl a =
JUN 2 ugaanansidIsuneudssantawnistiniueed)miue WeldIsuiney

U

Aa

UsznTawnistidaeiwudinanuidudusasazneulfunid 6 gib a1u1nida
pujiusldinnnienudutiuesaznauydunid 4 gL lasananududuvesaznan
a ~ o \ aa = d o o V] vaA [P
RunIdinadedannistesaaondjiius Sspfisnansntdaldfonsaziiquand@ly

] v a dIA a a v o v Aa o s
mydasaanslditouazaainingafaniivaniunidld ildiiensmdaoluszuy MBR
saunenujiuemdalduduensszannnguanifuainninigadaluaznauafunid
0 ? va o ' o . v i A a a & X P v
duazanannazasluinldd vildlimansnidaldadedidszaniam naainaivhly
mithiaeUTruzdossarsladiiosannloszazianiunndoutnein dosinaszasiaa

o a 4 ‘:\. o 1 a ‘&/ v ada a tﬂl
lunsthdaaisdannisdessansuazgadanindu wihedjfusonisfianarangly
WFsfenudududiszauwlunsuidlongandraluiifisle asnu nalnnaduszuy
(3zuzaNAUAN ANNdNTUBaIaznawfuNId a1gaznau) Jallanuddgylunisidan
maniluszuy MBR
nmsfnmyszantawszuuihdenidnssiiimweaiuslasldszaziafunn

A o = a v v a aed ¥ v

W9 3 h imsiSsuifisuanuiduiuaeiaznewyiunignanududu 4 uaz 6 g/iL lu
nmythdaadunidussnguend jEmustu wohdszaninmlumaidassdunidaann
a va v v a A e 3 o L a = v '
wuwszuvlananududusaaznawyduniden (4 g/ib) Amunnidassdunidldunnni

80% LiiadianzidszininwluntstdasmanguendjFiuswudn LIN uaz TMP a1an3n
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o a v v U a 3 1 &/ o s v
1y ld 100% mwLmumumaw:naugauw%‘ﬁmLm 4 g/L 4wl ERY snansatihgala 100%

anududurasaznauafunidasud 6 giL lanendfimediulnaaunsntialaiandd

A6 ~

ANULTUTRYaIaznaRIRUNIHdn mmﬁumnmifmﬁumam:ﬂaugﬁuﬂ%ﬁ%ﬁwlﬁ
ﬂi:ﬁﬂ%mwmsﬂﬂﬂ'@qaifu lwiuin windaamamiangunyjiuzlilalsziniang
oA ANNTNTwIaInzNawIAUNIHdadgnin 6 giL Yﬁﬁﬂizﬁﬂﬁnﬁwluﬂwsﬂnu”@min@:wm
fuagﬁu%maﬂaﬁ'ﬂ laun quand@nismoninaasendTiue anudutuvesaznau
RuNTd 0gaznawddunid szuziaiunn uazanulaadusasriasonuiafunid
snrmaauszuutainds Wudu Sedenadatszaniawlunsniaindensdn
wi3132u0 MBR %zﬁﬂszﬁw%mwgﬂumiﬁwﬁmﬁ%ﬁmwnhawmma Taganizlu
fun3iaaendfEineuazasdunid udnsldiuludszinalnossaswdynudading
waeUseny laun @Tunumsammm:ﬁnﬂﬁgﬁﬂm;;m 1#8991n320U MBR Jdnldd1slu
ﬂﬁﬁ@@i‘]q&ﬂﬁi:uuﬂﬁﬁ@ﬁﬂLﬁﬂﬁ;ﬁvlﬂ V% S2UUASNawLsd (Activated Sludge) h3assuy
ARBIIULILU (Oxidation Ditch) Liludn ToyninMIgaauuaiuuiuIsh TadnamunasNmuas
803N A lalanizszuy MBR (;fadsl,"fwﬁdd’]uq&ﬂ’j’lizuuﬂ’]ﬁ@ﬁ’]L?TEILLUU@%Lﬁ&l finsle
'ﬁ'vuggmhﬂﬁnmumumsuua:izumaummﬂ MINAUWINA NNNTLAUTZUY MBR Thnanzaw
snfumaidannitslumsiRudnanwaasszuy MBR lunmsinsinfenauunlgussTomivas

ﬁaﬂa@mﬁmujﬁm’mﬁaww

4. unayl
ﬂﬁiﬁﬂwﬂﬁLLa@alﬁLﬁudﬂﬂaﬁumj”mj”umadmﬂau'«g5%%‘%5Lﬂﬂﬂ%ﬂ”ﬂé’lﬂ”§gﬁﬁwa@ia
UszanFawaasszun MBR lunsidamdfiuzanniidalsmennn anaduduses
mﬂamﬁuﬂ?ﬁﬁ 6 g/L ‘Lﬁ’ﬂszﬁﬂ%mwgaﬂd']ﬁ 4 g/L lag®181501819@ Lincomycin,
Erythromycin Wa2 Trimethoprim 16 100% a&19'l5Aa34 Ampicillin e Sulfamethoxazole
Finsandnsluiie \unananududuvesaznangdunisgarilinglnnismdam
UfFaucluduszangam lumsfinmasideluasivanaududuvasaznougundslild
Usnannududuaznaugaunisimanzaulunmsisasyjimelinnngy dmwsuldidu
wnmaiadszininmlunsidasujiusesszundadindelulsiweals

o % ad ¥ ea &
RINUIDNIIA mﬂg‘mu:vl,@amdawuuimﬂwu

UnA2IUI9Y ACUI3AINSSUANAOS UK13NYNAgINUUUnUAG




]54 Kasem Bundit Engineering Journal Vol.15 No.1 January-April 2025

a s
naanssNdszna

°ua°1|m_lqmnuq@%gunuaﬁfuagumu’if{i’ﬂgagm (Fundamental Fund) NIVY TN

namudua’%u%mmam% 338 wazwIANIIN Uszdndsudszanm w.a. 2565

References

(1]

(2]

(3]

(4]

(3]

(6]

(7]

Naquin A, Shrestha A, Sherpa M, Nathaniel R, Boopathy R. Presence of antibiotic
resistance genes in a sewage treatment plant in Thibodaux, Louisiana, USA.
Bioresource Technology. 2015;188:79-83.

Rodriguez-Mozaz S, Chamorro S, Marti E, Huerta B, Gros M, Sanchez-Melsié A, et al.
Occurrence of antibiotics and antibiotic resistance genes in hospital and urban
wastewaters and their impact on the receiving river. Water research 2015;69:234-42.
Christou A, Agliera A, Bayona JM, Cytryn E, Fotopoulos V, Lambropoulou D, et al. The
potential implications of reclaimed wastewater reuse for irrigation on the agricultural
environment: The knowns and unknowns of the fate of antibiotics and antibiotic resistant
bacteria and resistance genes — a review. Water Research 2017;123:448-67.

Al Aukidy M, Al Chalabi S, Verlicchi P. Hospital wastewater treatments adopted in Asia,
Africa, and Australia. In: Verlicchi P, editor. Hospital Wastewaters: Characteristics,
Management, Treatment and Environmental Risks. Cham, Switzerland: Springer; 2018.
p. 171-88.

Thai Working Group on Health Policy Systems Research on Antimicrobial Resistance
(HPSR-AMR). Consumption of antimicrobial agents in Thailand in 2017. Bangkok, Thailand;
2018.

Chiemchaisri W, Chiemchaisri C, Hamjinda NS, Jeensarut C, Buranapakdee P,
Thammalikitkul V. Field investigation of antibiotic removal efficacies in different hospital
wastewater treatment processes in Thailand. Emerging Contaminants 2022;8:329-39.
Ata R, Tore GY. Characterization and removal of antibiotic residues by NFC-doped

photocatalytic oxidation from domestic and industrial secondary treated wastewaters in

Meric-Ergene Basin and reuse assessment for irrigation. Journal of Environmental

Management 2019;233:673-80.

Faculty of Engineering, Kasem Bundit University Research Article




3F2NSSUATSINUUUTUNQ Uﬁ 15 QU_UF\: 1 UNSIAU-IVVNYU 2568 ]55

[8] LiuY, Gu P, Yang Y, Jia L, Zhang M, Zhang G. Removal of radioactive iodide from
simulated liquid waste in an integrated precipitation reactor and membrane separator
(PR-MS) system. Separation and Purification Technology 2016;171:221-8.

[91 Feng X, Zong Z, Elsaidi SK, Jasinski JB, Krishna R, Thallapally PK, et al. Kr/Xe
separation over a chabazite zeolite membrane. Journal of the American Chemical
Society 2016;138(31):9791-4.

[10] Liu Y, Lo S, Liou Y, Hu C. Removal of nonsteroidal anti-inflammatory drugs (NSAIDs)
by electrocoagulation-flotation with a cationic surfactant. Separation and Purification
Technology 2015;152:148-54.

[11] Rodriguez-Mozaz S, Vaz-Moreirac |, Giustina SVD, Llorca M, Barcelo D, Schuberte S,
et al. Antibiotic residues in final effluents of European wastewater treatment plants and
their impact on the aquatic environment. Environment International 2020;140:105733.

[12] Gagné F, André C, Fortier M, Fournier M. Immunotoxic potential of aeration lagoon
effluents for the treatment of domestic and hospital wastewaters in the freshwater
mussel, Elliptio complanate. Journal of Environmental Sciences 2012;24(5):781-9.

[13] Hamjinda NS, Chiemchaisri W, Watanabe T, Honda R, Chiemchaisri C. Toxicological
assessment of hospital wastewater in different treatment processes. Environmental
Science and Pollution Research 2018;25:7271-9.

[14] Prasertkulsak S, Chiemchaisri C, Chiemchaisri W. Pharmaceutical compound removal
during mixed liquor filtration in membrane bioreactor operated under long sludge age.
Jurnal Teknologi 2018;80(3-2):45-50.

[15] Schroder HF, Tambosi JL, Sena RF, Moreira RFPM, José HJ, Pinnekamp J. The
removal and degradation of pharmaceutical compounds during membrane bioreactor
treatment. Water Science and Technology 2012;65(5):833-9.

[16] Nguyen T, Bui X, Luu V, Nguyen P, Guo W, Ngo H. Removal of antibiotics in sponge
membrane bioreactors treating hospital wastewater: comparison between hollow fiber
and flat sheet membrane systems. Bioresource Technology 2017;240:42-9.

[17] Hamjinda NS, Chiemchaisri W, Chiemchaisri C. Upgrading two-stage membrane
bioreactor by bioaugmentation of Pseudomonas putida entrapment in PVA/SA gel beads
in treatment of ciprofloxacin. International Biodeterioration & Biodegradation 2017;119:595-

604.

UnA2IUI9Y ACUI3AINSSUANAOS UK13NYNAgINUUUnUAG




]55 Kasem Bundit Engineering Journal Vol.15 No.1 January-April 2025

[18] Tang Y, Luo L, Thong Z, Chung T. Recent advances in membrane materials and
technologies for boron removal. Journal of Membrane Science 2017;541:434-46.

[19] Nunes SP, Culfaz-Emecen PZ, Ramon GZ, Visser T, Koops GH, Jin W, et al. Thinking
the future of membranes: perspectives for advanced and new membrane materials and
manufacturing processes. Journal of Membrane Science 2020;598:117761.

[20] Li X, Mo Y, Qing W, Shao S, Tang CY, Li J. Membrane-based technologies for lithium
recovery from water lithium resources: a review. Journal of Membrane Science
2019;591:117317.

[21] Li P, Wang Z, Qiao Z, Liu Y, Cao X, Li W, et al. Recent developments in membranes
for efficient hydrogen purification. Journal of Membrane Science 2015;495:130-68.

[22] Uliana AA, Bui NT, Kamcev J, Taylor MK, Urban JJ, Long JR. lon-capture electrodialysis
using multifunctional adsorptive membranes. Science. 2021;372(6539):296-9.

[23] Chaudhry RM, Nelson KL, Drewes JE. Mechanisms of pathogenic virus removal in a
full-scale membrane bioreactor. Environmental Science & Technology 2015;49(5):2815-22.

[24] Vieira WT, de Farias MB, Spaolonzi MP, Carlos da Silva MG, Adeodato Vieira MG.
Removal of endocrine disruptors in waters by adsorption, membrane filtration and
biodegradation. A review. Environmental Chemistry Letters 2020;18(4):1113-43.

[25] Bradshaw JL, Ashoori N, Osorio M, Luthy RG. Modeling cost, energy, and total organic
carbon trade-offs for stormwater spreading basin systems receiving recycled water
produced using membrane-based, ozone-based, and hybrid advanced treatment trains.
Environmental Science & Technology 2019;53(6):3128-39.

[26] APHA/AWWA/WEF. Standard Methods for the Examination of Water and Wastewater.
23rd ed. Denver, USA: American Public Health Association, American Water Works
Association, Water Environment Federation; 2017.

[27] U.S. Environmental Protection Agency. Method 1694: Pharmaceuticals and personal care
products in water, soil, sediment, and biosolids. Washington, D.C., USA: U.S. EPA; 2007.

[28] Dos Santos CR, Lebron YAR, Moreira VR, Koch K, Amaral MCS. Biodegradability,

environmental risk assessment and ecological footprint in wastewater technologies for

pharmaceutically active compounds removal. Bioresource Technology 2022;343:126150.

doi: 10.1016/j.biortech.2021.126150.

Faculty of Engineering, Kasem Bundit University Research Article




3F2NSSUATSINUUUTUNQ Uﬁ 15 QU_UF]: 1 UNSIAU-IVVNYU 2568 ]5/

[29] Prasertkulsak S, Chiemchaisri C, Chiemchaisri W, ltonaga T, Yamamoto K. Removals
of pharmaceutical compounds from hospital wastewater in membrane bioreactor
operated under short hydraulic retention time. Chemosphere 2016;150:624-31.

[30] Prasertkulsak S, Chiemchaisri C, Chiemchaisri W, Yamamoto K. Removals of
pharmaceutical compounds at different sludge particle size fractions in membrane
bioreactors operated under different solid retention times. Journal of Hazardous
Materials 2019;368:124-32.

[31] Vo T, Bui X, Chen S, Nguyen P, Cao N, Vo T, et al. Hospital wastewater treatment by
sponge membrane bioreactor coupled with ozonation process. Chemosphere
2019;230:377-83.

[32] Kaewmanee A, Chiemchaisri W, Chiemchaisri C. Influence of high doses of antibiotics
on anoxic-aerobic membrane bioreactor in treating solid waste leachate. International
Biodeterioration & Biodegradation 2019;138:15-22. doi: 10.1016/j.ibiod.2018.12.011.

[33] Zzheng W, Wen X, Zhang B, Qiu Y. Selective effect and elimination of antibiotics in
membrane bioreactor of urban wastewater treatment plant. Science of The Total
Environment 2019;646:1293-303. doi: 10.1016/j.scitotenv.2018.07.400.

[34] Zhu T, Su Z, Lai W, Zhang Y, Liu Y. Insights into the fate and removal of antibiotics and
antibiotic resistance genes using biological wastewater treatment technology. Science
of The Total Environment 2021;776:145906. doi:10.1016/j.scitotenv.2021.145906.

[35] Xia S, Jia R, Feng F, Xie K, Li H, Jing D, et al. Effect of solids retention time on
antibiotics removal performance and microbial communities in an A/O-MBR process.
Bioresource Technology 2012;106:36-43. doi: 10.1016/j.biortech.2011.11.112.

UseIadianunana

wraRadIas uaslne g1213073@9n350FIuIasa N
g ﬂm:‘immﬁwmamﬁm:amﬂ@] Elﬂii&lﬂ’]ﬁ@lib‘ &I%W”iﬂﬂ’]ﬁﬂLﬂﬂIuIaﬁ

ITARFITIINA 217 W1 nuuny3 a.mulng a.ilasuuny3

ﬁ].uu'ﬂq% 11000 Email: nitiwis.t@rmutsb.ac.th

nuwIspnaula: Madsafinipgans®ia msdhdaiFodioinalulad

PUFI
Ll

UnA2IUI9Y ACUI3AINSSUANAOS UK13NYNAgINUUUnUAG




]53 Kasem Bundit Engineering Journal Vol.15 No.1 January-April 2025

AT.NOBME 958158780 712131153 AINTINFILIAN DN
AUAMNITINMAAs LAz RN AuNITNARAS WnInenasinalulad
ITNIAAFITTUNE 217 1.1 nuuny3 a.aulng adiosuunys
%.uqu%‘ 11000 Email: kridsana.j@rmutsb.ac.th

31u33u7iaula: Organic waste recycling N151117A%1 L H a2

wmalula uuge

as.f@3anwol ﬂ‘sua‘%gqaﬁné #1913713AnTINEIUIAR Y
AmIAINIIINAMEAIUazEINTAsNIINAEAS AnInaamnalulad
ITUARFITINA 217 W1 nuuny3 a.aulng aadlosuunys
%.uqu%‘ 11000 Email: sirilak.b@rmutsb.ac.th

NWIBNFWL: N1ITANIINLRY miﬁ‘fﬂmwmgaﬂaﬁ nsiua

¥ A e a o v o A Aa & @
uﬁLaU@’JﬂLﬂﬂIuIﬂﬂmuqd ﬂ']il]']l]ﬂu’]Laﬂﬂ&lﬂ’]sﬂuLﬂauﬂ’](ﬂ’)ﬂi:uu

[ a 6
mﬂgmmmmwmmmu

Article History:

Received: October 22, 2024
Revised: April 23, 2025
Accepted: April 24, 2025

Faculty of Engineering, Kasem Bundit University Research Article




3A2NssuAlsInuUUruna Un 15 aUun 1 uNSIAU-IVVIYU 2568

ANIIAMIANINTUIUNAN IAINIINANILN BN NG

u Q. a
A= a 6 6
A.A3.NWIT NUBINIA

A.07.Infuwns i tny

a
A.AT.UANREN UNUNTRY

a.av.laaw a3

A.ATGENA MYIWIALY
a.asdnlung vz ln

A.av Wiy Jawgnyd
AATIWNWIA TOUITIN

ﬁ.ﬂi.ﬁgf@&l%’] 0980NI

Prof. Dr. Belkacem Zeghmati

@ ¢ A a
IA.93.NUKNINEY ﬂaﬂizLﬁiﬁ

IR.AT.NTIUAT LRIRAAIWIA

IA.AI.NOUTY LATHITY
[ a 6
INAINNTT WYL TTY
7.0 AANIA oAaINa
A A o
IAATITUT LRILNANG
a af% v & &
3.0 TIND UseauLnNey

IE.AT.TUNIIA agana

IA.AT.UNT BUNTWES

RUNIMINTINVUEY FonUwnaluladuriaeide
Aadsiiainssudianntefinfuazlnsauuiay
wmanmanaluladwizaunsouy’
MAITIAINTINAT URINLNRUTIINARAS
szivinaluladgaswnisn anzinaluladuazwianssu
U ININRENTINNIUYS

MAITIAINTINIET UWANLIAULNBATARAS
MA3NIAINTIVAIBING quaanstﬁwﬁwmé’u
maimeimaailes aninsavimaluladwizaauindd
WizunaTnite

fMITNIAINTIWIUS A Inenasinaluladgiun’
MATTBANTFINTRENTIN AwanenapinEaImans
Laboratoire de Mathematiques et Physique des Systeme-
Groupe de Mecanique Energetique, Universite de Perpignan,
France

mMadrianssulom eninonasmnaluladwszaauing
WizunaTnite
MASTI3AINTINATBINAUAZNTT-8INA ARIINESE
wmaluladnszaauinanszuasiniie
madrimnisuiniaumean santwnaluladwszaauingn
LA UNHIINANIEL

NMA3TTAINTINASEING  WRIINLIRBAIHASUNTI 136l
29A5NH

madrmaluladnienns wanIsiumIneas
8123113V WRANENREVaULAR
FONLWIVBUALNAW UM INSNRINTAYWIZUATATDLYTEN
mMadrianssulom eninonaomnaluladwszaauing
TUY3

A lada@ng AMINNFBYTN

ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ



Kasem Bundit Engineering Journal Vol.15 No.1 January-April 2025

[ =
.03 QUAMTS
IALAT.INIA WNITTY

iﬂ.@]i.@]%wa @T%%IUI]’]H

JAATNING TOFAE
L= Qg an =
IRATNANANG J0IIT8zW D

iﬂ.(ﬂi.‘ﬁ‘k’& Qoilﬂﬂf;l

a a 6] a
I7.07. 551 NuING

IE.ATUAT J;i’ﬂiﬂ&l
IAAT.H0T INTIINE

17.07.5607 2ansuzlwm

TAATIUATUAR AULANNTNE

37.03. U230 AWaI

'
a A

iﬂ.(ﬂi.l‘!mmﬂ BRI

2

v ¢ o

iﬂ.(ﬂi.l{!ty’)@&lu a@]:l]

a 6
iﬂ.m.ﬂizgi §IuN3

6 S v
se.avUnlung edrias
Te.0%.105a7 lrouniin
IAQT.NBA AIUON

U

IAALNING 1udlanina

AT WY Jawgnd

NAITIIAINTIVEATINNT yn1insrsoinalulad
INTUIAADYYI

mMadrianssulen eninonaomaluladwszaauing
TUY3

mﬂ%ﬁmﬂﬁumﬁaam’uam”a@l UATINENRUFIVAIUATUNS
nadrdainssanisiauazaiugu aonduinalulad
WITIDULNA NI ANHITAIANTZL
MA3T13aIn5T0le5 AnIMINTINARAS NRIneae
waluladnszaauinanszuasiniie
fUNATIFINTIUATAING WAINLNSBLNBUL AR
madmimnsTuesasiiotauasiinniafing wwInnse
wmaluladnszaauinanszuasiniie

MAINAAINTINIET WAMINTIRUTITNARAS quﬁ%’aﬁm
w1 ingaugInatudiad

guiuImImindne amIneasinaluladwszasuing
TUYI MDA NTYT

13T IAINTINEILIAE N um%mé’mmlﬂaﬁqmﬁ'
madTimnisngamnms smIngasinaluladnizaas
INANTUYS

mMad3anssy Wi umineaseidoanaud

I IFINTINABNALADS ’onUiinaluladwizaauingn
LA UNHIIANANIEL

I AMINTINGATINNNT annu”uLﬂﬂIuTaﬁﬂnua”u
fVITIIAINTINGATINNNT NANINLRULN BN TR
813 INTINETY WRINEIREWLEN
AMATTINITNURNBAALAL Y amcaanTaanITuaRas
AN NG

anzinaluladaisawne sanwinaluladwszaauinan
LA UNHIINANIEL

maimeymaailes aninsavimaluladwizaauindd

NITUATLALD

Faculty of Engineering, Kasem Bundit University




3A2NssuAlsInuUUruna Un 15 aUun 1 uNSIAU-IVVIYU 2568

a Q€ 1 a a a e e Qs a Qs
IF.AT.NIIND ma'ﬁ'swaﬁ UUNAINYIRYINITIIANIILRSUIANIIN UR1INUIR/Y

malula Bwszaauinansuy3

.07 NAW qumaﬁ'ﬂ MSnmemsimnsTuemans WmInensuInBu e

yeasAfAug lnansaina s3I IaNTsN INin s Ansasinwatia

sa.05. Wlsasl Rewasiana MANIAINTIVAIING quaanstﬁwﬁwmé’g

iﬂ.@i.ﬂﬁ'ﬂa{ %aq’“mﬂ‘ AT IAINTTUNNITIALATAILAY gonvuinalulad
WITIDULNA NI ANHITAIANTZL

IR.A3.ANINYN 29U Awg meadmimnimneiaing aninmdomaluladnizasand
U3

sA.aTMaia Jasnas MadmiansTules WwAneasa uasunII e

IE.AT.AI LSU&I@]E:QQ AT AONIINANTASUASNITINILA B9

VA INGNRYBITUAEAT

TAATAWAT AT madimniiuiniavman santiwnaluladwszaauing
LA UNHIIANANIEL

IATNuAT @UTTguiud  medmeimaatindh wmInmsoinalulaiwizasund
WIzuATIATe

39.05.00 %1 /FIINAMWINT - A3 ienssnles vwinenasnaluladnszaaunan
WIUATLR D

IFATYNTTY UITINITIAT MATIANTINGATIWT wInasna luladnizaaaunan
WIZUATKILE

37.03.300n3 1DaAINUD amina luladznrawing anuwnaluladn B 1u

FAATIEN MQIne n1a37717AINIINARIWNNT WnInsiduinalulad
ITINARTYLI

ILATITUT UTIFINS anznalulafgamnnim AmINDAENTAYNIEUAT

IATATHIN NIFIZLAT anzinaluladzisauwna sonvuwinaluladwszaauingd

g mnmIANanIzLY
IFATIIMT AT WNITNG R daansinasaiateesuaslyyidsedeg anndu
waluladlng-diu
37053732 INDIEN N madimnules aaInIsiumineas
I7.03.908N ﬁwﬁqasimws #2137 3NITUNNTIANN aontuinaluladnszaauing

Li’]ﬂmﬂ%’ﬁa’]ﬂﬂizﬂh

ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ




Kasem Bundit Engineering Journal Vol.15 No.1 January-April 2025

a Q 6
I.03.000% Ja3ai
6
JAALADINT  LanRIBWA

17.03.8412 Tunigau

aa a A{
iﬂ.@]i.ﬁ&lW\‘]ﬁ V!Y]‘E’]Eimﬁﬂﬂ@]

= Af =
IAAY.ANANG Nezan
IF.AI.FNGT FINIYZNA

37098137 YryAIwus

IA.AT.RUTY TUIIIAN

AALFINT lyausing
A.AT.LRT LAIALATOL

IAOETA nRadlIziaty
> & a Ao 6

IFATENAE FIINIIBIT

3A.A7.aHA gnw

TAATEING YYAe

37.03.00INE NMYIURYNE

IA.07.07903 NG LFANGT

TR.AT.ANTNIA TURNGUR

I7.97.81W8 mgmqumaﬁ

o 6 1 6
ELLTIA mmvl,wyjaal

IAITIUNT AN BNA

AMadiainssu it uniinenapasuasunsilsa
29A5N1Y

§1NITIVINNITIN RN zIne 1A aANTURZATYUE
UAINGNRYBITUANEAT

mmﬁ’ﬁﬁmﬂﬁumﬁaaLLS'LL&:S’&@J' URTINENAURIVAUATUNS
MANIAINTINAIING qwmamtﬁmﬁmé’a
MadTimnTIuaeNnaes aantinaluladnszaaunn
LA UNAIINANIEL
medrnaluladiainssuuazfouinden an3neIse
waluladnszaauinanszuasiniie

Mad3aInIsNlem W IneasnBaTMEas
MASTI3AINTINAZBINAUAZNTDH-8INF ABIINESE
wmaluladnizaauinanszuasiniie
mmﬁ"mmﬂiﬂaﬁfm U ININRUWITIDNLNA TS
MAITIAINTINGARINNT VPN INLRULNBATANRAS
NA3TIIAINITNRILIARON AWIINBIBULNHATARAS
INLNVALIIY

mMeadrienssnles eninsnasmnaluladwszaauin
U3

nesiainssulesiuazdouiaden Yn1INuIae
AIUATUNTI L@l
nadsunalulafuasf@ossnisdne) ¥ni1ing e
inaluladwizaauinansuy3

Mad3ainssy i umInenassida

NI TIMINTINABNNIALS aantuinaluladwszaauin
g mnmIANanIzLY

UUNAINGREY VRIINLNABLBLTED1ALE
mMeadrienssnles enminsnasmnaluladwszaaning
U3

mMaATWEnd aaAinmenans mInmasguanTmil
MATTIAINTINIET UMIINDNRUINBATANENS INLUUA

VLYW

Faculty of Engineering, Kasem Bundit University




3A2NssuAlsInuUUruna Un 15 aUun 1 uNSIAU-IVVIYU 2568

IAAYY WEWFWNEN AT Aanysd Wi arninmasinwuiudia

e AuaRe g0 MATIFMINIINARINMNT UAINENRLNBATANEAS INEN
UL

IA.LONTY VAR madrunaluladizg wniineavnaluladnszaauna
W3

LW AINIBTNT Ma33anssules vwAnenssmnaluladnszaauinan
U3

NELAT.NINT NIRY RUITIMINTINLET WAIINENAUTINAUAS

NA.Q3.NE L qﬁ@éﬁaﬁssu anzAnsmaaiuazinalulad i inedunsAgAya
GAPREY

NALAT.NUNE WINNITLUTING  8113aINTINABNNILADT URIINENRUTINAILA

a

He.a3.ARe s wslsEast  MadT3ainIsuie3eins awIngauasuasINS lsa
ne.a3.ARaaNe ADuunAad  sa1iTneluladwasen aniingsomalulagnouees
ALI%BAN INYUVALIINTE
HA.AT.NANS Nades n1a3773aIN7I0ga81%N1T wnIneduinalula
TNTUIAADYYI

HA.ATLINWAE AuGIauDa MA3T3AINIINASBINALAZNTTR-09MA WWIINEAY
wmaluladnszaauinanszuasiniie

NALAT.ANT ABNANVIUI MAST3AINTINLASBINAUaZNITU-87MA WWNINENSE
wmaluladnizaauinanszuasiniie

HELAT.SNSUNS Nawdn NMAITIIAINTINGARINNNT A IAINITNARASAITNDN
UAINNRUINBATANFAS INLVAAIINT

WA.93.9172790h NBUNINEG  §12NITIMIIAMINWIMINTIN UHaINeNay In1Inenas
LNHULTUAG

NEL.AT.IITNIIDH qumhﬁ AMAITIARAAIFATLAZANEIN1TABNRILADS A
Aneeaad IWaInItimIINeae

HALAT.37197I0k guwaanend  az1izunaluladeny WmINENAETITA)UAIITRN

He.03.La1g0 Tolaw MAiTIIAINIINe s santuineluladwszasuingd
LA UNHIINANIEL

HAL.AT.RAT FI%aN DINVFIUG

NELAT.TAN AIWINTLNYIA #2713 13anTsnles wnidnonasmaluladnousaa
fIITe

ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ




Kasem Bundit Engineering Journal Vol.15 No.1 January-April 2025

NALAT.TUTAT Taiaugy
NELAT. TUINT Yumad
Nﬂ.ﬂi.‘gfﬂ GORRHE
NA.AT.UNR FIFANGN
NALAT.THAINT 1By Tt
s 6 Qo 6
WL.O3.0E)F LaTUINING
NLAT.TRgWIA WkSiiag
NAL.AT.A%Y LHINNTTE
NA.AT.AWNT NMewd

Nﬂ.@‘li.@ﬂ’g@ NaiIn

AERPRIE UWWIA

NA.O3.03 NND

s o A‘
NF.93.NIFNA LL@]:ﬂiZI‘Ym

= = v A‘

NFA.Q3. U7 FIRIRA
a 6 6
NA.QI.UANUD "Jiimiaﬂ']ﬂ&l

s 6 a a
He.as.Uvsad gnfiaslodu

NA.AY.UTeNIWIIh Lﬂ‘i:ﬁ']W\'l?T

o9

HeLasUTnyn yynie

NEALAT.WIANT ﬂwgovlmﬂ

nradznaluladiainssulosiuazfoutanas
YAANEasma lwlainizaeninanizuasinile
AMAITIIAINTINAAFINNT YRIINUIRULNBATANRAS
ANLVAAIINT

maimaymaaslos aninessinaluladwszaaund

=
‘E‘LI:‘LqI p)

RUITIMNTINLTY WARINEIRENLEN
mMasTienTInaiaana sodwnaluladnszeauinan
LA UNHIINANIEL

FVITIIAINTINABUNUADT UWRIINBALaL TR
aucanasnITumans agwwmmtﬁwﬁﬂma”m
MAsT3mnIsuesaina wnangnsomaluladwszaau
\NANTUYI
§1971331N133AN1TRILINABNLATANURaARD A
INFNFAT WWIINPIRLTITAYTUNTINBA
Madmediarmaas yniAnenasmaluladwszaauinen
U3

U ATIAINIINLATEING A AnagInudiag
g3 nalulagenis amzinsasuazinalulad
NANINLIRLUATA LA

MAINIAINTINIET WPINLABWLTAIT
MAITIAINTINEING AEAAINIINAEAS AnIINeaL
inaluladnruiaatyy’

MA3N3AINTINAIING qwnaaﬂsrﬁwﬁﬂmﬁ'ﬂ
s3I unaluladanms WrINgRUNTAUAIINTENN
NMAITIIAINIINGARINNNG YRIANYIRLLNBATANTAT

INNVAAITNTN

<A

awﬁﬁﬁmmsumsﬁmmsq@lamm'mLﬁammm &)
VAINNAUNA LR T TN INANITEUAT
ANAATIAAINIINLATAING AT IAINTINANRAIAII1T

YANINYIRUNBATFRAT INYNIAATIVTY

Faculty of Engineering, Kasem Bundit University




3A2NssuAlsInuUUruna Un 15 aUun 1 uNSIAU-IVVIYU 2568

€ @ =
WE.QT3. NIBRTY ﬂiZﬂﬁ]@]ﬂi

NELAT. NN Tawing

Nﬂ.@]i.‘ﬁu‘ﬁLW“ﬁi as:ﬂaaa;u

NALAT.NUNE W19

NALAT.NWY WATkB
HAL.AT.3970 JUNUADE
HALATATYY WHLET

NALATITIUNT A1

Aa o ' A £ 6
HALATATH F9iT0d01iud
NELAT.ITE banan

NA.AT.ATA% 20NN

NA.QY.AIA8 @303

NALAT.RAN 2980
HALATENYY 19303 lads

NALAY. RN INT ay;"la

&

NAL.AI.RNANA UuAI

a (7

Nﬂ.@]i.ﬁ(ﬂ’]d?j NRURA
6

o ¢

NAL.QY.RNTWIE LNNANN

6

NELAT.RITE ﬁ'ﬁ’mﬁgl,aim

MAINEIFATAUT WAL HAAN S AnzAnpneaas
UAINNRUINBATANRAS INLUVAATINT
INNRIMINTINAIFAS WA INIRLTIRG
muFTImnssueueud anwnalulading-gun
AMadodanssn i wdnenasinaluladsnvusaa
bR

MAITAMNIIIMBINTUALTEG AMANINADEINUATINT
Mad3anssulen aringnasasny
amadrdainssnlnduazaeunitaas uniIneiay
wmaluladnszaauinanszuasiniie

12137 NA I U LA I WAIITULATAITIANT WK1 TNeNaY
waluladnszauinawszuaswile Inswaszoad
AATTIIAINTINATINNIT yu1Inoasinalulad
WIZRDUNATWIEUATLA LD
anzasmaaigasnnIsauazinalulad aoiduimnalulad
WILADUINALNUNHITANANTZL
NMATTI3AINTINLASOINAUAZNITI-8INA Aee
JA1nIINANRAS WWAnenasinaluladwizaauinan
WIUATLR D

AUSAMINTINAIEAS W INLRUNAAA
NMAITIAIANEATIETT ATEATANRATAARINNTINUAE
walulad amInsavmaluladwszaaundiouy’
AMAITIIAINTINATINNNT yu1anorasinalulad
WITRDULNATULS

8121311 3anITNINARasId W Anenasinalulad
WITRDULNATUYT

anzinaluladaamnnisn WM INENRETITADIIUGUUNT
AT BAINTFUNINGNNTIN ARAININSINBATFERS
AR AUNIINAEAT NRIINLIRUWLIAIT

I 3TIFINTINAIaINS anAngaumaluladmuens

% a 6
Jaulnfuns

ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ



Kasem Bundit Engineering Journal Vol.15 No.1 January-April 2025

NALAT.RINA NAUAIRAY

A A e o ¢
Nﬂ.@]i.ﬁg'ﬁ@]’] ﬂﬂsnwwug

mﬂ’i"m’immmqmmms URIINUIRULNBATANTAT
ANLUAAIINTN
MAITIIAINITN LT ILASRILINA DN ATASAFINTTNAIRAT

VAANLRLATUATUNTI L6

HALAT.ANS Whlad WAsgaImmMI guditomalulaininmnnduazndsnuniadan nadn

o & A 6
Nﬂ.(ﬂi.q‘i@l% 271330 %

Qs aAa Q‘
NF.93.83NUR WNBNKNTD

HEL.AY.LENTY aflziaiyTe
NALDUUUIN LN
WAL NTWAR §AEIAT
NELATNDY FITLNBY
NAWINDY  WRITE
NAWIFY T@AUTT
6

WE.TITBe UsenmnToh
NAITINT LAANTWE

o & 6 A
NAL.FRIAY 98I

a 0 = A
HA.R15A JInAFNUAND

a 6
Heawih 31

NALOWTA 1937y

0.97.N0u0F aAYYIIANY

walulafiainssuiaiosdunias dnorssinalulad
gammnIIN anTinmainalulaiwszssuindmszuannile
madrimnsmedl anfwmaluladwzsaundudrgmu
NAITRIANIZLIY

MAINIAINTINIET WPINENAUFIVAIUATUNS
mMadrienssnlem enminonasmnaluladwszaaning
U3

TN TIAINTIVLAIDINAURLUAAINIARNE  WWINLY
mMwiug

AMAITIAINTINAT WP INLRBLINBATANRAT
fT1ITIAINITVATAING UMINES LN BN AR
AUTULAIANULTULAALANIZN AT UNNITITHUAT WA U
qmmmwm%‘au%au nmsoinaluladgasinnisu
YnAneasmna lwlainizaauinanszuasinile
amzAmnssumaasiazinalulad sontwnmssanmslyan
Avait

ASAMNITNAIEAS NANeasinaluladnoniaadan
INBUATDWLN

AUSAMINTINAIFAS WA INLRULN VUL U
YAANEIaUna luladnouinanIzuas

g1z unaluladdainsineqainnis un1inelas
LN UG

ALIMINTINAIFAS WA INLIRUTINALAS
373NN WA wminenasnsuiuie

I3 IFINTINAIaINs anAngsumaluladmuias

WITWeT

Faculty of Engineering, Kasem Bundit University




3A2NssuAlsInuUUruna Un 15 aUun 1 uNSIAU-IVVIYU 2568

9.07.ANNUT TURYNT
(v 6Aa o [
2.03.9NIAN AW

0.07.2ATNTT UANS

D.QLTTWUD Tn@

o
3 A

8.03. 7030 AIAIA

a QEQQI
0.07.70 QNIRAILY
2.0 TYYNT NOAFUWYINA

o

2.03.713NE gaNAN@NA

v

p.ar.huns ﬂ'%q’;simum

2.03.043n30% LATYTIIN

0.07.004 TuAiadia

0.07.q%]) FDIATHINI

0.07.0UANT WolWua

0.0T.YWAA WATYUAIFT

p.0%.U03Q Ygauae

2.93.U52N8 WaIewIN
2.09.U9130%1 UGN

= Qf
0.07.NIANT WINFIFG

0.3 N T0As a%‘aﬁwgﬂ‘nﬁ

2.03.00a LRI

3 TImnITvuuaansaiing vuiinenasinalulad
NTNINANTEUAT

Me3NIansTuesaIns amangaonalulaiwszaaung
TUY3

13T IAINTINEILIAS N um’jﬂmﬁymﬂiﬂaﬁqim?
MAITIFMINTINARINNNT UAINENRUNBATANENS INEN
UL

MAITIAINTINEINT UANENasnaluladwszasungn
U3

773373 55W WA wminenasnsuiuie
MASTINSNEINITITNTIAUAFILIAGON URIINBISE
WLIFT

ﬁwﬁfmmamuhmmnﬂiq@wﬁﬂuﬁ Inermaas Iuuas
WIANTINUAIT®

madnaiadszgnd amﬂ'umﬂiuiaﬁmzaamnﬁwﬁ’ﬁqm
NAIINAN T

SNVITVIAINTTUYWE um%mé’mmlﬂaﬁqmﬁ'
mMeadrienssnles wnminsnasmnaluladwszaauing
WIUATLR D

MATNIAINTINIET WAINLAUWLIAIT
AMENNIIANSLAIFANFUALNITANUIANYUFS KFOILWANT
JamatuIAda

soUuMIIanIT I Adah

fUBTIIAINITNASBING WWIAINEIRBLIN BT AA
NI TAMNTINABNAIAES W Ineasmalulaisnies
DRU INUVAVDULA

MV INATNT aaineneaasuazinalulad yriinea
waluladnruinatyys

ALIAINTIVAIFAS URIINLIRLTIUAUA
RUITIMINTINET WRINENREN BN AR
Madriaintsnlos aardunaluwladui @& usy

VANINYIRUTITUANEAT gmﬁ%’aﬁm

ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ



Kasem Bundit Engineering Journal Vol.15 No.1 January-April 2025

Aada aa
2.03.78% @3z

9.03.2373 LAD NLAALEG

0.0y voaLzWa
9.03.28% w”mﬁ%’um‘qa

=) LY
2.93.9N87 WINUA

a a a a 6
2.93.95:01 NIATUING

a o 6 €A
2.07.A3UIA% 1A

L3 Qr Qs
9.95.ANATIY TNNNT

0.09.81139 WPREY

0.07.87QQ1 2100
0.07.82770h LR

=) =) =)
9.07.0MNN AIRIF
2.93.007719 UINA
9.07.0%U6 Laa3D

a3.9M1 qﬁmﬁaqa

a 6 A ¢ a
@]3.1/!“/]'5‘1/\1\‘]?[ PREANIAUIAUN

% o 4 1 a 6
7. DN NRIT ﬁ’J'NE‘ZiF_I

a. 39w Uaaslny

Lo & o
0. mgunl 3aw g

2.5%a8N QJV‘I/W]?{L%?N UAINR

A ARUNITVLAZRDNUAUNITNAIEAT NRIINUIAEY
A luladNTNInaa1WI
SV IAINIINFILIAR DY wﬁwmé’mwﬂiﬂaﬁqmﬁ
RNVATUNAIULAENEIN®  URIINEIRNalladNTNIa
AzIWBaN
mﬂﬁmmﬂiuiaﬁq@]m%ﬂﬁu InIngrasinalulad
NIDUNAINTEUATHID
MAITIAINTINATAING VW ANLIaana luladsnouing
> a 6
Jaulnduns
mmﬁ"ljﬁmnﬁmmﬁaulﬁ'uazi’aq A IAINTINAIRAT
VANINDIRUFIVIIUATUNT

1 Aa £% a A 6 5 Aa A 6
niudduasWauIiaLedys govwinaluladnilnfes
WASTR (B9ANITNIIT)
VAT INIIAMTNWIAINTIN UIWNOINGNRE NAINENRE
LNBNU A
US1N LOR. LOT. bA. LOWILRYTI TNG
ﬂmzwéﬁmuﬁaLLmé'amLa:i'aQ WRIANYIRUNIZIANLNA

=)
U3
a 6 = a s > a a

AANLNEATLAzINAlWIAE IRIINIRURILALIRRN
NI N6
812 TIAINTINLETY URIINLIRELN MU TG
ATRAAINTINAIENS URIINLIRDWLLEN
MAITIMINTINADNNILADT WA INRLORRUTTY
RUNIATIZRUATATIVFOL  NINNIIARDI
FUNADRIIRZNIU  NTNNIIRAIITIUN
FNIVDURSWAIU UG NTNNIRR
a’mﬁﬂmmﬂiuiaﬁ’jmmmq@lmﬂms YR1INYIAY
RN TERIL IS
AMZAIANEATAATIWNTIN AMIANmanaluladiiiiag
s =
payid
LRUITNIIRANIAING mﬂﬁ"ﬁﬁmmmqmmﬂms

wﬁwmé’mgiﬁaﬁwﬁmﬁ

Faculty of Engineering, Kasem Bundit University




3AoNssuaIsINuUUrUna Jn 15 aUun 1 UNSIAU-IVUIYU 2568

2.1 s.0.87d i ATAZATANENT UMINUREMTAYUNIANTAN
2.ENAT BIAITIE #1217 113a9n330n139an1sinaluladgasinniTy

U ININRENTAYWILUATATY TN

ACU:IAINSSUANAQS UHI3NYIAYINBUULIAQ







AL AAINTINANEAT NRIINYIRULNHNU RN

U3z Udhan
1. WAnTmMAiamIImnIINRigmnIw NoamasnNafaINI3Basd TS LanTw
ImaaasasnuunuwWawLaTHNILasRInNTaIsTING
2. duahuazidonmaiensumans laslanizfinazdidselonlliiAaundszing
Inolasass
3. UINMIITINT wazlddUInBuusiImIIaINTINAI R SUARIIL U BITTURE

LNTW TINNIUTTT TN b

[ 3
lﬂ'ﬁﬂ&nﬂ !,Lam@lqﬂizmﬂ
A o A A ¢ A Ad o o o o .
1. NRAUIUMNANINIAINIINAIRGT LWﬂLLﬁ')ﬂ%WLﬂﬂIuIﬂﬂﬂﬂuﬁNﬂ auuﬂﬂgﬂﬁ
= o
W\‘]@]%La\‘]ﬂq\‘]L‘V]@'II‘H)INﬁiuﬂqiwwuqﬂq@]ﬁq%ﬂiiuma\‘lﬂizlfﬂﬂ

2. IRUSNMITITINIeIUIAINITNANRASLARIAY

s [ 4

AFUNAR
“AEIAINTINAVNTNT NRIINYIBLNBNU AR LT BAMSIAINTINAIIAS

a'a o o A & Aa o A& A o
nenauway 1 ?% 10 2a9AMLAAINTINAIGAT NW1INYI1agiansy Milungassy

lagsjsiswndntmanIeinswnUjuaniswasuasesbvn

©

D UATADITALATUNUNAIMNA WAL UNNNN AN TR UAY 093UULLIENT TIUIU 1

28 e

f LazgLﬁﬂ%Uﬂﬂ?ﬁNﬂiﬂﬂ“ﬁ/ﬂgﬂlﬂﬁ’]ﬁx‘]ll‘ﬂﬂ’)’m W%ﬂllmm%lﬂﬁ’]ﬁ\‘]ﬂ‘ﬂﬂ’]"lllLLazLL%‘U

L
Inaduatvunany v
E-mail: engkasemjournal@kbu.ac.th
LRSRUATRUNTNWTDUEILNAMUNIUIZUY Online Journal System lan
https://lwww.tci-thaijo.org/index.php/kbej/user/register
o a ¢ a A oA W ad
‘Yl’]u‘ﬂﬁulﬁ]ﬁ’]&l’]iﬂ@i’]ﬂatl,aﬂﬂLLG:@’]’JﬁI%a@LLUUWGS&I@I’N"] RIDFDUDNULNULAN VL(ﬂ‘Y]

o ulai: http://eng.kbu.ac.th/home/?main_page=research&page=engineer_journal
® E-mail: engkasemjournal@kbu.ac.th
® hitps://www.tci-thaijo.org/index.php/kbej/user/register

o In3AnYi: 0-2320-2777 ¢ia 1211



KASEM
BUNDIT

www.kbu.ac.th
MPNBANRIUINTS NEIATHINAN
1761 AUUNAIUINS LIAFIUVIRIY 60 auUININGN LUARUYT
NF9MWY 10250 NF9MWY 10510
Tns. 0-2320-2777 Tns. 0-2904-2222

Fax : 0-2321-4444 Fax : 0-2904-2200



	KBEJ 15-1 article 1
	KBEJ 15-1 article 2
	KBEJ 15-1 article 3
	KBEJ 15-1 article 4
	KBEJ 15-1 article 5
	KBEJ 15-1 article 6
	KBEJ 15-1 article 7
	KBEJ 15-1 article 8
	KBEJ 15-1 article 9
	Blank Page
	ส่วนหน้า
	Blank Page
	Blank Page

	Blank Page



