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Abstract

This study aims to investigate the safety conditions of tourist routes, analyze the
causes of road accidents, and propose safety management measures to support the
tourism policy of Sukhothai Province. The researcher collected accident data from
relevant agencies and engaged with local communities using the Hiyari-Hatto
technique. The findings identified 15 high-risk locations, with accidents primarily caused
by two main factors: road and environmental conditions, and driver behavior. Road
and environmental factors included a lack of warning signs at intersections, absence
of traffic signals and intersection signs, insufficient street lighting, unclear lane markings,
obstructed visibility due to trees, and damasged road surfaces. Driver-related factors
included speeding and non-compliance with traffic regulations. The study proposes
targeted improvements for each risk factor, including community education and
training, installation of speed control or relevant traffic signs, and enhancements to
the physical infrastructure of roadways in the Thung Luang Subdistrict to help prevent
future accidents.

Keywords: Tourism, Road accidents, Road safety, Hiyari Hatto.
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Abstract

This research is an experimental study with the following objectives: To
develop mixing ratios and study the physical properties of stoneware products. To
establish selection criteria as a guideline for stoneware development and determine
the most suitable mixing ratio according to the product standards. The experiment
utilized three main raw materials: Thung Luang clay, Lampang clay, and Rayong sand.
Samples were selected using a purposeful sampling method based on an equilateral
triangular diagram, weighed with a digital balance, mixed using a high-speed mixer, and
fired at 1230°C in an electric kiln. The research results showed that the formulation
which best met the criteria and was most suitable for stoneware products consisted
of 60% Thung Luang clay, 10% Lampang white clay, and 30% Rayong sand. This
composition exhibited a water absorption of 2.70%, a flexural strength of 255.02
ke/cm?, and a firing shrinkage of 9.50%.
Keywords: Stoneware, Thung Luang clay, Lampang clay, Rayong sand
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A5197 2 nansAnESITdIUNALLAzAL TRNIaNEN EER S e alauwaS
gns INTIEIUNEL FUUANINIEAMNANENRINTNAEBY
i Authwre  Aua N3y NTNAR mi@m?ﬁuﬁ'} ANUNdSS A MaLind
nas e Y889 (Sovaz) (Sovay) (kg/cm?) nulw (RAL)
1 80 10 10 14.29 1.37 182.75 ulw L.S8025
2 70 20 10 13.80 2.15 201.25 nuln LS8025
3 70 10 20 13.20 2.41 221.42 ulw L.S8025
4 60 30 10 11.43 3.51 184.89 ulw LS7008
5 60 20 20 10.50 2.97 226.05 ulw LS8025
6 60 10 30 9.50 2.70 255.02 ulw LS7002
7 50 40 10 8.57 4.70 151.54 ulw LS7002
8 50 30 20 9.00 3.55 183.52 nuln LS1036
9 50 20 30 8.57 3.35 150.79 nuln LS1036
10 50 10 40 7.50 3.54 244.57 ulw LS7034
11 40 50 10 7.14 4.51 143.36 ulw L.S8000
12 40 40 20 7.54 4.09 153.31 ulw LS8029
13 40 30 30 7.20 3.02 169.15 nuln LS8029
14 40 20 40 6.78 3.38 198.6 nuln LS1036
15 40 10 50 6.51 3.84 228.96 ulw LS1036
16 30 60 10 2.86 5.30 124.1 ulw LS1036
17 30 50 20 5.82 4.23 188.91 ulw LS1011
18 30 40 30 5.50 4.16 198.18 nulw LS1011
19 30 30 40 4.95 3.70 207.45 ulw LS1011
20 30 20 50 4.50 3.51 286.7 ulw LS1011
21 30 10 60 4.00 3.94 218.92 ulw LS1036
22 20 70 10 1.43 6.57 135.69 ulw LS1011
23 20 60 20 2.86 7.45 130.48 ulw LS1011
24 20 50 30 4.85 5.26 130.58 nuln LS1036
25 20 40 40 4.51 5.83 125.16 nuln LS1000
26 20 30 50 3.95 4.61 133.36 nuln LS1014
27 20 20 60 3.52 5.24 184.24 ulw LS1014
28 20 10 70 2.56 5.36 257.45 ulw LS1001
29 10 80 10 2.52 7.50 150.78 nulw LS1014
30 10 70 20 1.98 7.20 130.46 nulw LS1014
31 10 60 30 1.57 6.15 127.2 nulw LS1014
32 10 50 40 1.34 6.39 136.59 ulw LS1014
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gns INTIEIUNEL FUUANINIEAMNANENAINTNAERY

i Autwl Auem vy mavesh  nsgedih enaudass e naifed

g aung 5809 ($ovaz) (Sowaz) (kg/cm2) nulw (RAL)

33 10 40 50 1.41 4.74 155.27 nula LS1014
34 10 30 60 1.25 4.52 171.52 nula LS1015
35 10 20 70 1.20 5.29 134.82 nulw LS1015
36 10 10 80 0.87 6.72 114.6 nulw LS1015

NN 2 NANISANHITNIIAIUNALLALAUTANINIEAINYDINAR D UNALAULIS

WU 1) NMsnedivesdiuNauiiftanasioUsuaautIuaralsanatkarUsuIuA LYY

dl = ¥ 1

aaiadu gasniauduyaaisge (gnsi 1-6) TA1N1svasaas (9.5% - 14.29%) luvaied

gnsniAuYIa1UN9EN (grsit 22-36) ANNSUAIFANA3 (0.87% - 5.30%) 2) N15AATNN ans

Y Y Y

Aaa o ISP =<

AUl sgetul Iy gasnildndiuvesiuinujaivaluasniigseyes

mn%ﬁmmsam%mﬁﬁwaﬁ loiwn qmﬁ 5(2.97%) qm‘ﬁ 6 (2.70%) Wag 20 (3.51%) 3) A

[ '
1 = e

uBause wuhdwwiliniududeddndiuremenesseawniu ansniiAAULTILIIgeEn

2 Ql'

AagRTN 20 (286.7 kg/cm?) Faildndruvesiutnuyavaiuagnieseeasgs 4) Msiing i

miLU?iEJuLLanaﬁﬂuu&iazqmmmzw RAL Tneiiinudfiviannvians 1wy LS8025, LS1036,

151014 Uudu laegasnivsuafuuiauisgeduulivlidiioouas vaeigasniaudiu
Vaasaadnlvdndund

INANSIN 3 HANISTNAFIUAIAIUEAIN (L*) hazed (a*, b*) vasiloalnunisnuy

A

YUy anats wudnA1ANEINg (L) J909A6us 38.67 89 61.65 laggnsniilAindnuading

=

geanfiegnsl 34 (61.65) uazianfognsi 11 (38.67) wandliiiufisninuunnei1avessvd

1%
a 1w

Tuiloalnunisae19tmau @1 Ad a* TARaws 3.42 89 10.55 wWaLANd b* JARIuLs 8.24
fi9 15.92 uazandayalunisnedl 3 nudnAimuadng (L) dauduiusuniuiuand a* @
WaA1ANHATINRNTY AEUA (@%) duwilduanas lngA1AuadInegegai 61.65 (@nsh 34)

A1 a* Wies 4.10 TuvaueNA1ALadRgai 38.67 (@nsh 11) A1 a* gdie 9.71 uandlv
g & s v & = 13 = | o w1 o 2 @ o 1 A=
Windllealauwdinididuiuasdosdusenavduninnit dmsuand b* Fududiusd

¥ '
= A

Wided nuIdkurlduiiuduiioAa1andadnai et ulug19seaunas e bldaudun usids

EUNTALIU
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A1519% 3 NANISNAFBUAINNETINT (L*) wazad (%) (b*)

gasil  AAnuEde Aid a* Ag b* gasil  AmwEde And a* Ag b*
(B ()
1 41.54 557 8.77 19 49.14 6.84 13.59
2 43.03 4.96 8.24 20 48.5 6.54 14.33
3 44.65 4.18 8.99 21 51.53 6.77 14.47
4 40.16 6.2 9.77 22 38.84 10.55 13.58
5 43.03 4.61 9.35 23 42.61 9.33 13.22
6 47.07 3.42 9.56 24 48.33 8.14 15.83
7 40.94 7.59 10.57 25 55.08 6.14 15.45
8 44.64 5.96 11.18 26 58.12 5.46 15.92
9 48.49 6.97 13.08 27 58.16 4.48 13.81
10 50.5 3.98 11.96 28 57.64 4.5 12.59
11 38.67 9.711 11.53 29 47.55 9.49 13.35
12 43.52 8.15 13.02 30 56.43 5.79 13.67
13 44.05 8.04 13.59 31 59.15 5.06 13.85
14 46.94 5.24 12.42 32 59.99 4.74 13.55
15 48.29 5.49 12.75 33 58.52 4.97 14.92
16 40.13 9.12 12.62 34 61.65 4.1 13.54
17 40.81 10.14 13.33 35 46.32 6.09 11.75
18 39.61 6.68 11.05 36 60.81 4.1 12.88

2. Han15a NN N TATULUINIINITHALIATAWINS LazNan1SARLENSNSIAIUNENT

WNEANAUNNVBIHENS ATALAUKITIINAIUKNANYRIAUT I IMEI B NBATINA Fandn

aloviy AuY1981U18 WAENIIETEYRY AMENAINTHIN QNI 1230 aAnwaldea 3

a o &
FNY[SLRYANIU

14 ¢ LY & o N
2.1 Nﬁﬂ'ﬁ?ﬁ’]flLﬂZLWIL‘U‘ULL‘U'J‘VIWx‘lﬂqiwwuqﬁiﬁmwﬁ MRNT19N 4

A1319% 4 agunanaailun1sAnEoNNTId@INANNIMINT ALYRINER T UAALAUWIS

AMENUR ANMUNINTFIY ARRgINauITY nauainIsAnLEaN
1.Anspnduh (%) < 3.0% 4.71% < 3.0%
2.AN IR (%) Talszy 10.99% <10%
3.AANULganse (kg/cm2) hjizq 279.28 kg/cm? > 280 kg/cm?
4 dncuuiiutinu (%) laisgy 40% (F2871nU: 30% - 60%) 40-60 %
5.90UnHNWN (°0) Taiszy 1,200 - 1,230°C 1,200 - 1,230°C
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neadl 4 Feyaitldandunasiuummamsimunalpuwsfimzan G S0
dhunaufualauwannsoldfuiutiu fovay 40-60 Amsgatiuth < favay 3.0 AN15UA
#n < Fovaz 10 AAmuTause > 280 kg/cm? wagknitgamgdl 1,200 - 1,230 sariwalded
2.2 namsdnldendnsdunani vsnzanaunsivosHan Fueialaunaann
druNanveRul W aN 8LnefsInA Jwinaluriy Auvnidaiune wasniessees tngld
foyaanassil 2 \isuiuinasinisimdenanmsned ¢ gasiidnmst o
1) An13naduin < 3.0% qeaiidaunaet ldun gasd 1 (1.37%), gasfl 2
(2.15%), 3 (2.41%) gnsil 5 (2.97%) gnsil 6 (2.70%)
2) Amsunsa <10% gasidinas 1dun gnsi 6 (9.50%) gnsil 7 (8.57%)
gns718 (9.00%) gnsil 9 (8.57%)
3) AP LT ause > 280 kg/cm? gastidiinaust e gnsil 20 (286.7 keg/cm?)
4) dndauuiiutiou 40-60 % gnsfiiunast WWud gusit 4-15
5) gaun9iin1siw1 1,200-1,230°C W‘U’imﬂqma’lmaawumm%’am1ﬂmiLmﬁ
aauvndl 1,230 asAwaldedle

9 Y

Fadefimsandeyasiumndadoudimuin gnsil 6 Wugnsiinsafuinausiunniian uaxil
ArangaLLnTige Leaan 1) fdnsgedutivhnit fevas 2.70 Gihunast < 3.0%) 2)
firnnsmadieglugiwinsgiufie Sovay 9.50 ([W1wnwel < 10%) 3) TAIAIINLTILTIEY
TndiRsatuinasifie 255.02 ke/cmz 4) dadaufuitutiu fosa 60 (aglutag 40-60% M

It Y ‘:4' a = 1
LNEUN) LAy 5) ﬁ']ﬂJ'ﬁﬂVluﬂ'J’]ﬂJi@uf\ﬂﬂﬂ'ﬁLN"lV]QﬂJ‘VinI 1,230 @Qﬂ']LSUﬁL"‘U‘EJﬁIW

5. dgunauasn1saauena
1193381509 NMIRMUIEIURANNER A alaULITIINAUTIUYINA §1LNoATUA

Jmdagluie luasell aendmisauidunismaassaunsaasunaiazeiusenansidy

v
Yo a

Ul 2 WdemuingUszasdveamsiduleanad

dyuna

1. NaMINUIRTIEIUNEY wagnan1ANYIANTANIINIEA INYRINANTUTElA LIS
NnadUNAIYIALTILYIMAs BuneATina dawmingluiy Auvrde uaznseszees 7
guvindl 1230 esmueaidoa aunsoagUlddsd wuldhndunaudnasoansinisnisam
vowaAnAnusialnuwesnaditdeddy Taogasidfuthurmasgslimnsnaiigs vaueiigns
fififurndungdirinsedininfstu enuuduswondodasifuunliufutudles

o

AAIUYRINTIBTTERININTY tneansit 20 TA1ANLTSIEEn wonaint dvesalauwss
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ldunUamuesfusenauvesiu nsfutuyaanddidiiundy vaenauwsaielya
POUAY WATNANIINAABUAIANNEINS (L*) kazAd (a%, b*) veudealauwisAudiuyanas

WUNAIAINETN (L*) ogludae 38.67 - 61.65 lavansit 34 dAanuaindgeanuaygnsi 11

| s aa

AREA ANALAS (2%) TAnuduiusiuAinuadn neilealauuds nddduduasien a

v '
=< a

U druadaed (b*) Tuuldusiuy ULl oA1A 0@ 1A LT Wwluseaunataws Lyl

e pmid)}

a |

AUFURUS IS LA UT Talau Nadns e Wiiud 1B nsnavessnsdrunaniidnosysua
Yosalauwls

2. nansadranasdadunwnenmsiaunalauwns waznansindendnsdiunaui
NgANAUNTIvRIHARSugElaLwITIINA LKA VEIR UL A8 SuneATINA Tanin
glavie Au1IaIUe wasNIeITE0s mwé’amnmﬁqmmﬁ 1230 asALwaled @115

&
[

ayunan1sidelasiell
2.1 WU NISNAUIE AT IE@IUHENAUETAULIT NUIT 8ASIEIUNENAUALAULIS
annsaldfuiutu Seuas 40-60 mmiamé‘ﬁuﬁw < Se8ag 3.0 AIN1TUAGI < 5088z 10 AN
AULTILTT > 280 kg/cm? LLaszﬁqmmﬁ 1,200 - 1,230 parwalfed
2.2 Han13ARLE NS RIIATUNALT LML T AR LN ve AT U alauws 9N
AIUHANYRIAUTIUY VAT B1LABATHNA Javinaludie AuYIIAIUN LagnIIesEees WU
a;imﬁ 6 Lﬁuqmﬁmqﬁ’ummsﬁmmﬁqm LLazﬁmmmmsammﬁm \losan 1) 1AN139ATY
thenan feas 2.70 Ghunast < 3.0%) 2) & AINTTAegluYImInTgIuAe Sevay 9.50
(Hnaut < 10%) 3) denauudusaddndifesiunadifie 255.02 kg/cm? 4) dadufu
flutiu $esaz 60 (9glura3 40-60% AN LAy 5) A1LNsANUATINTILAINNTHNT
gaunil 1,230 aseniwaidedla
nnTaAYTIENE
1. HANSHAILIOATIEIUNAY LATNANITANYIENURNIINIEAINYDINAR A UNALAULIS
MNnadUNANYBALTIY A BuneATIna dwmingluvi Aurnidiuns wagvsesyees i

(% L3

gaunil 1230 asrwaldua nuIdnsdiunauinasoautAnIInIen I nYIHARSuaalau

[
= v

wsegelitbd1Aty donndesiuiulfeves B (2554) FanuiinisiiuuTunufauiuliu

1%
] = o

LazfAurIdwalagnswanuauUANIINIEN NYesala LIS WU N1IVARILAEN1I) AT

'
=

lngansnilaudujavaiiassliiinmmediigs dnanssiunuideves wesiia (2560) Nse

o

[

IAuiuiuuile Wy Autiuruesiiens I8nsinsuaiigeluiiedndiuvesiuiiadu

a aaa o

yaurfignsidaurnagdiiinisgeduiifisiu aeandesiunuiseves Jua (2561) 7

Y

a
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<@ a (% 6 v a é’ A AN 1 é’ Ql‘ 14
ANNLTILTIVRIAN SRR alldnduvem e sseanTu Tneansi 20 Th
' 4 Y] v ¢ a ' v
A1AULDU SRR aTfuayutoyaanemues Uslumg wagnguaing (2559) fisvyinnisld
AuuduTuAunsgansaiuauLduswesionu Inensievimtnidulaswadaasy
Tnandusiiaundwswiniu uavdonnaseiuauaes ugau (2565) AAnwILloRULT
fndanusAumiend fuanuedtlssln LasnuINenId@IUNaNIIowasAUY NN ZEL
PN 3 v =g s a s
aunsaiiNANLIILsaEante uenanil dvesalauwisasiisunainueiAusenauves
Au TngAuduyavandldidunidn vasnauriaUilidesuas aennaeensaiunuideves
v a = & a a ! a < € a a ]
aushY (2563) AAnwloAuAIwNIsuLasNUIIUTIImANoanlwA luAulKasanIs
WasULUAIENATNT LaZanITNAAaUAIAIINEIN (LX) wazad (a%, b*) soulealauilisiu
Uuvjarads nudnAanueadng (L) aglutie 38.67 - 61.65 laggnsi 34 dA1Auainggagn
uazgnsh 11 dAwngn druddung (@) danuduiusivainiuaine lneilealauudsnid
¥ sg a0 é( 1 1 a U v 6 v ! 1 1 1 a &
WAUAdA a* gatu wasnuina a* danuduiusunduiumanualne dwedvies (b%)
IS 2/ QI dy dl' 1 1 QI dg” U U a o v & Aa b4 Qj'q./
Hwwnlduinuiioarnuainaindulussaunatauwd iifinuduiusidadundaau
nansAnuduandbiiiuinnsususasdunanves Autuyanais Aundiun was
V31852804 fNaso AIN1TNAA AINIIAATUUY AULTILTY UATAIAIINAINVEE VBa
a [ 13 s [ Y v & [ & a § o [
nanduatalauwad aunsadrlulddudeyanugiulunsimuniedualauwisdmiv
gramMnIsuAIaIluRuN leg iUz aNEn W
2. wansasranaeidadunuamemsiauialaund wasnan1sAniensnsidiunanil
NgANAUNTIvRIHARSugElaLWITIINA LKA YRIR UL aIAIe SuneATINA Tanin
aluviy AuY1IAIUN UAENTIETEERY AENINTHINYUNYH 1230 BemLwalTea a1u1Tn
afuseranIITe ARl
2.1 1NUPININAIUISATI@IUNELAUALAUIIST WU aunsaldAunudy 40-50%
AOARAOINUIIUTE LAAYIY (2554) Iwuldtnstdaunutuludngiu 40-60% amnsali
wva a o (Y a 4 v (Y a v a a g va
auUAnunzand msun1snanalaulis @anadoanuauIdeees wiesia (2560) AlThu

HuduAuAuIImaEnI g ANANTANINIEANYBINEAT M dIUAINTITAATHN

v
= v v ! a

fosminfosay 3.00 amsAnVINUIIAINIgATLTTuREfUSTALTesRuI NN TE T
ananay grafiiuBnafurnansgeduiunindvansgadin Ssonadesiu vues
W@ (2561) waratuAYUNANITIVEVRY UnAL (2565) ﬁizq’jwLf:aﬁuﬁmumiﬁwmmmm
anensgaduthasldiflenniigamgigedu Tnefidmanasimnzauosalnuuwaidosndy
Yovaz 10 drurArnundusaainundusaninnidn 280 ke/cm? uaziniguna

1200 - 1230 29ALwaLTYd @onAdodny LaAge (2554) Us1lund Laznguaing (2559) waz
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(% L3

aushu (2563) Nszyitgamginswdmsualauwisnildiunauvasiumdetnudiulugig

9

1200-1230 earLwaLdyd

2.2 g3l 6 1ugnsiinsstuinausianniige wasianumnzaumniian oain i
AnsgaButiviingt $evay 2.70 Fadulumunasiinesgudidvunlindefausialauus
foafinisgaduindiioifiunumunusazanmsfukiuresounan denadesiuiu

dl ! QI a a L2 1 dl 1 1
VBN UEAA (2565) ‘mwmwmimeﬂsmmmumﬂuamwmummmzaummsamaammmiaﬂ
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a 1
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Abstract

During the summer, temperatures inside military barracks can rise significantly,
affecting both the health and rest efficiency of personnel. This article presents an
indoor environmental control system designed to operate without relying on a Wi-Fi
network, thereby enhancing flexibility and system stability. The system employs
wireless communication between ESP32 devices to transmit data from temperature
and humidity sensors to a control unit that manages the operation of a water pump.
It responds to environmental changes in real time and displays live data. This system
effectively reduces indoor temperatures while consuming less energy than traditional
methods. The evaluation consisted of two parts: communication performance testing,
which showed that the system operated continuously even in areas without Wi-Fi, and
sensor accuracy testing, which compared the results to standard instruments. The
system demonstrated an accuracy of 98.12% for temperature and 97.07% for humidity.
Based on the findings, this system shows strong potential for application in other types
of buildings requiring low-cost, user-friendly, and energy-efficient automatic control
solutions.
Keywords: Environmental control, Communication protocols independent of Wi-Fi,

Military dormitories, Internet of things
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Abstract

This study investigates the supply chain management practices of Rak Kaset
Somdul Co., Ltd., a prominent organic vegetable producer in Phitsanulok Province,
Thailand. The research employs the Supply Chain Operations Reference (SCOR) model,
value chain analysis, and SWOT analysis to evaluate the company’s supply chain
performance. Rak Kaset Somdul Co., Ltd. operates a smart farming system using closed
greenhouse technology and precision irrigation to cultivate 12 varieties of organic
vegetables. Data were collected through participatory observations, interviews with key
personnel, and analysis of internal documents. The study examines each phase of the
supply chain, including seed procurement, soil preparation, planting, harvesting,
packaging, and distribution.

The results show that the company maintains an integrated system that
incorporates cold chain logistics and online sales platforms to ensure product quality
and timely delivery. However, the research identifies several challenges. The company
faces production limitations due to reliance on imported seeds, inadequate
technological integration in farming processes, and shortages of skilled labor. These
constraints lead to higher production costs and reduce supply chain efficiency. The
value chain analysis highlights the company’s efforts in producing its own organic
fertilizers and hormones, alongside marketing through direct-to-consumer sales

channels. The SWOT analysis reveals strengths in product diversity and organic
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certification, with opportunities in expanding online markets to meet rising consumer

demand for chemical-free vegetables. The study recommends that Rak Kaset Somdul

Co., Ltd. invest in technological advancements, workforce development, and

collaborative partnerships to strengthen supply chain resilience and ensure long-term

business sustainability.

Keywords: Organic vegetable farming, Supply chain management, SCOR model, Value
chain, SWOT analysis

1. Introduction

Organic vegetable farming is increasingly regarded as a sustainable approach to
addressing global concerns over food safety, human health, and environmental
preservation. In many developing nations, factors such as rapid urbanization, climate
change, and the pressures of globalization have intensified food security challenges -
especially in peri-urban areas (Ochoa et al., 2020). Small-scale organic producers often
face operational hurdles, including inadequate logistics infrastructure, limited market
access, and inadequate technological support. Research in Spain shows that short food
supply chains can overcome many of these obstacles by reducing intermediaries,
lowering carbon emissions, boosting farmers’ incomes, and reinforcing local food-
system resilience (Raftowicz, 2024). In 2025, studies in Southern France examined how
SFSCs are adapting to inflation and rising production costs by leveraging resilience
strategies rooted in producer-consumer embeddedness (Deroche-Leydier, 2025).

In China, optimizing distribution networks for organic produce has become vital
to meeting growing urban demand. The logistics model in Zhengzhou City, for instance,
demonstrates that streamlined systems reduce costs, minimize waste, and improve
delivery timeliness, critical factors for perishable goods (Wang et al., 2021). At a global
scale, the cold-chain logistics market is projected to grow from USD 393.2 billion in
2025 to over USD 1.6 trillion by 2035, reflecting the urgent need for infrastructure
modernization, sustainable refrigeration, and end-to-end supply chain visibility (Future
Market Insight, 2025). These insights directly inform the case of Rak Kaset Somdul Co.,

Ltd. in Phitsanulok Province, Thailand. By developing an integrated supply chain that
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combines cold-chain logistics, digital monitoring, and direct-to-consumer channels, the
company can enhance operational efficiency, reduce losses, and expand its market
presence.

Despite the benefits of organic farming, producers in developing nations,
including Lebanon, often face high production costs, certification expenses, and
marketing difficulties (Abebe et al., 2022). To overcome these barriers, alternative
models such as agro-tourism and participatory guarantee systems have been proposed

to reduce costs and improve profitability.

2. Research Objectives

2.1 To analyze the supply chain management of Rak Kaset Somdul Co., Ltd,,
identifying strengths, weaknesses, and opportunities for improvement in the
production and distribution of organic vegetables.

2.2 To evaluate operational performance across all stages, from input
procurement to final delivery, using the SCOR model, value chain analysis, and SWOT
analysis.

2.3 To examine the impact of production costs, particularly those arising from
the reliance on imported seeds, as well as technological, logistical, and human
resource constraints that affect efficiency, increase expenses, and reduce supply chain
resilience.

2.4 To propose strategic recommendations aimed at improving productivity,
lowering costs, diversifying seed sourcing, and expanding market reach to ensure the

company’s long-term sustainability and competitiveness.

3. Literature Review

Supply Chain Management (SCM) is integral to the success of organic vegetable
production and distribution, especially in developing countries. The SCM process
encompasses the management of all operations involved in the production,
transportation, storage, and delivery of organic vegetables to the market. According to
Haddas et al. (2018), farmers who can directly sell to consumers capture higher profit

margins than those relying on intermediaries. The success of SCM in organic agriculture
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involves not only efficient logistics and transportation but also minimizing post-harvest
losses and managing risks associated with perishable goods. The development of
cooperative logistics networks and cold-chain infrastructure is recommended to
enhance distribution efficiency (Wang et al., 2021). An effective supply chain integrates
farmers, suppliers, distributors, retailers, and consumers to ensure the delivery of high-
quality, organic produce while minimizing costs and environmental impact.

The Supply Chain Operations Reference (SCOR) Model provides a framework for
analyzing and improving the supply chain in the organic vegetable sector. The SCOR
model categorizes operations into five key processes: Plan, Source, Make, Deliver, and
Return. For example, Wang et al. (2021) highlighted the importance of location
optimization for distribution centers to reduce delivery time and costs, a critical factor
in managing perishable products like organic vegetables. Efficient supply chain planning
ensures timely procurement of organic seeds, soil management, production
scheduling, and seamless product delivery to consumers. Integrating digital tools such
as Geographic Information Systems (GIS) and e-commerce platforms can further
streamline the SCOR processes and enhance real-time decision-making.

The value chain concept, as introduced by Porter (1985), is fundamental for
understanding how organic vegetable businesses can create value at every stage of
production and marketing. Haddas et al. (2018) emphasized that by processing
vegetables into chips or sauces, farmers can increase the added value and capture
higher profit margins. Ochoa et al. (2020) noted that short food supply chains (SFSCs)
contribute to local economic development by reducing intermediaries and enhancing
producer-consumer relationships. Developing innovative marketing strategies, including
agro-tourism and farm-to-table experiences, further enhances the value proposition of
organic vegetables. The framework of value chain can be explained as shown in Figure
3.

A SWOT analysis provides a strategic tool for assessing the internal and external
factors affecting the organic vegetable business. However, weaknesses include high
production costs and dependency on imported seeds. Opportunities lie in the growing
market demand for organic produce and the potential for agro-tourism integration

(Abebe et al., 2022). Threats include market competition, supply chain disruptions, and
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regulatory hurdles. Implementing Participatory Guarantee Systems (PGS) can alleviate
certification costs and increase market accessibility (Abebe et al., 2022).

Rak Kaset Somdul Co., Ltd., established in 2021, is a leading organic vegetable
farm in Phitsanulok Province, Thailand. The company operates a smart farm using
closed greenhouse systems and advanced irrigation technologies. It grows 12 types of
organic vegetables and serves as a learning center for farmers and stakeholders.
According to the literature, smallholder farmers in developing countries face
challenges such as high certification costs, market access issues, and logistical
limitations (Abebe et al., 2022; Wang et al., 2021). Rak Kaset Somdul addresses these
challenges by adopting innovative farming techniques and exploring new market
channels. Collaborating with universities and government agencies for seed sourcing
and technical support, the company aims to expand its production capacity and

become a regional leader in organic vegetable farming.

4. Methodology

This study adopted a qualitative case study approach focusing on Rak Kaset
Somdul Co., Ltd., an organic vegetable farming business located in Phitsanulok
Province, Thailand. The research process began with a comprehensive review of
related documents and theories concerning organic vegetable production, supply
chain management, value chain analysis, and SWOT analysis. Primary data were
collected through participatory observations and in-depth interviews with the
company’s management team, employees, and relevant stakeholders in the supply
chain. The researcher engaged directly with the farm operations to observe processes
from soil preparation, seedling cultivation, transplanting, care, harvesting, packaging,
and delivery. Additionally, the researcher collected data on marketing practices,
customer interactions, and logistical operations. Secondary data were gathered from
internal company records, industry reports, and previously published studies to
support the analysis. This mixed-method data collection provided an in-depth
understanding of the company’s supply chain activities from upstream input

procurement to downstream customer delivery.
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To structure the supply chain analysis, the study employed the Supply Chain
Operations Reference (SCOR) model as the primary framework. This model was applied
at four levels as follows:

1. At SCOR Level 1, the research identified the company’s key processes,
including planning, sourcing, making, delivering, and handling product returns. The
study focused on analyzing the production materials used, such as seeds imported
from New Zealand, locally sourced clay and loam soil, organic fertilizers, and self-
made fermented water for plant care.

2. At Level 2, the study assessed the core processes, particularly supply chain
planning and production (sP1 and sM2), alongside supporting processes like inventory
management (EP1) and production efficiency assessment (EM1). The research team
observed gaps in employee skill levels, inefficiencies in production planning, and a
lack of systematic warehouse management. To address these issues, solutions such as
workforce training, expansion of online sales channels, and investment in cold-chain
logistics were proposed.

3. At Levels 3 and 4, detailed workflows were mapped, including delivery route
optimization, order processing, and customer service management, to ensure
consistency in operations and minimize costs.

Furthermore, the study incorporated a value chain analysis and SWOT framework
to holistically assess the business operations of Rak Kaset Somdul Co., Ltd. The value
chain analysis emphasized activities that add value to the products, such as advanced
greenhouse farming techniques, strict organic standards, and direct-to-consumer sales
strategies. Supporting activities included human resource management, technological
upgrades like online sales platforms, and infrastructure improvements. The SWOT
analysis identified strengths such as product diversity and organic certifications, while
noting weaknesses in technological capabilities and market expansion. Opportunities
included increasing demand for organic produce, especially during seasonal events like
the vegetarian festival. Threats primarily involved pandemic-related market disruptions
and logistical challenges. By combining SCOR, value chain, and SWOT analysis, the

study provided a comprehensive methodology to evaluate and propose
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improvements for the organic vegetable supply chain, aiming to enhance operational

efficiency and business competitiveness.

5. Research Results

The results can be separated into 4 parts; supply chain management analysis,
SCOR model analysis, value chain analysis, and SWOT analysis of Organic Vegetable
Cultivation, as follows:

5.1 Supply Chain Management of Organic Vegetable Cultivation

Rak Kaset Somdul Co., Ltd., implements a comprehensive supply chain

management system for organic vegetable production. The process starts with
upstream operations, where the company procures materials such as 12 varieties of
organic seeds imported from New Zealand, fertile loam and clay soil, organic fertilizers,
rice husks, and fermented water that is produced in-house. These inputs are selected
to meet high organic standards, ensuring that the farming process is environmentally
friendly and chemical-free. As shown in Figure 1 to Figure 5, the company prepares
high-quality seeds, fertile soil, organic fertilizers, and natural plant supplements that

enhance crop yield and resistance to pests.

Figure 3 Organic fertilizer Figure 4 Rice husks for soil mixing

NIaFINNswaluladgnamnIsulayInINgIi IIMeau Ui iyaans Iy
U 7 atuit 2 wa. 2568



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 169

Figure 5 Fermented water or natural hormones

The organic vegetable production process involves several stages: soil
preparation, seedling development, transplanting, plant care, and harvesting. Soil is
prepared by mixing equal parts of loam soil, clay, rice husks, and organic fertilizer to
ensure adequate aeration and nutrient supply (Figure 6). Seedlings are cultivated by
soaking seeds overnight, then planting them in seed trays for 10 days before
transferring them to the main plots (Figures 7 and 8). Once the seedlings have matured,
they are transplanted into the greenhouse soil beds (Figure 9). Daily care involves
watering in the morning and evening and spraying natural plant hormones as needed
(Figure 10). After 30 days, mature vegetables are harvested, quality-checked, and
packed for sale (Figure 11).

Figure 8 Nursery planting of seedlings  Figure 9 Transplanting seedlings into the

greenhouse
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% X VS e

Figure 10 Watering and spraying natural Figure 11 Harvesting and  quality
hormones selection

Rak Kaset Somdul Co., Ltd.’s supply chain is divided into three levels: upstream,
middle, and downstream. The upstream activities include the cultivation of organic
vegetables in company-owned greenhouses using selected seeds and natural materials
(Figure 12). In the middle level, the company handles production activities such as
fertilizer preparation, daily plant care, harvesting, and primary packaging. Vegetables
are then sorted and packed according to customer specifications. Cold storage is used
to preserve freshness before distribution. For the downstream level, the company
delivers products directly to various customers, including restaurants such as
Saradeedee and SALADD, middlemen, and companies like Prima Green Co., Ltd. and
Urban Farming Co., Ltd. There are also online sales and delivery options for retail
consumers.

In addition to identifying upstream, midstream, and downstream activities, the
revised description specifies the duration of each stage. In the upstream process, soil
preparation typically requires 3-4 days, followed by seedling development over 10-
12 days before transplanting. The midstream phase, which includes plant care, daily
watering, and pest control, lasts approximately 25-30 days until harvest. Harvesting,
sorting, and primary packaging take 1-2 days, after which the downstream phase,
distribution via refrigerated trucks or direct-to-consumer channels, takes 1 day for local

deliveries and 2-3 days for longer-distance orders.
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Figure 12 Supply chain management of the organic vegetable cultivation group

The company maintains flexible customer arrangements without formal
contracts, relying on agreements for order volumes and delivery schedules. If the
products fail to meet the quality standards, they are returned with deductions from
supplier payments. This quality management system ensures that only high-standard
organic vegetables reach consumers. Middlemen and restaurants plan their purchases
daily, assessing the quality on delivery. If the products are not satisfactory, they are
returned immediately. This system enhances transparency and maintains the integrity
of the supply chain from farm to table, supporting Rak Kaset Somdul Co., Ltd.'s
reputation for delivering safe, high-quality organic produce.

5.2 SCOR Model Analysis of Organic Vegetable Cultivation

Rak Kaset Somdul Co., Ltd. adopts the Supply Chain Operations Reference
(SCOR) model to analyze and improve its organic vegetable supply chain. At SCOR
Level 1, the company manages core supply chain components: Source, Make, Deliver,
Plan, and Return. In sourcing, the company procures organic seeds, fertile clay and
loam soil, organic fertilizer, rice husks, and self-produced fermented water to ensure
quality and sustainability. Seeds are imported from New Zealand, but future plans

include transitioning to locally sourced seeds from Maejo University to reduce costs.
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The production process involves soil preparation, seedling development, transplanting,
plant care, and harvesting. Vegetables are harvested, sorted, and packaged into various
sizes for retail and wholesale customers. Deliveries are performed using refrigerated
trucks to maintain freshness. Returns are minimized as quality control checks are

conducted before delivery, and agreements with buyers ensure product acceptance

Growing
@ Production
pLY X MAKEC

SUPPLY SuUP MAKE DELIVER
—~—— -

in advance.

e |
Organic

Bran, Org Soil Growing Clients, Retail clients

Oil, Plastic Bag Vegetables companies ... like Markets

Seeds OtherSup's ... Product Clients, Retait clients
Extra Supply..

companies

like Markets

Figure 13 SCOR Level 1 of the Organic Vegetable Cultivation Group

At SCOR Level 2, the company identifies specific processes that require
enhancement. These include core processes such as supply chain planning (sP1) and
production for order fulfillment (sM2). Supporting processes needing improvement are
warehouse management planning (EP1) and production efficiency assessment (EM1).
For example, the COVID-19 pandemic led to a decline in customer demand,
underscoring the need to expand online sales channels. Additionally, labor shortages
have affected production capacity, making workforce training and skill development
crucial. Warehouse management issues related to overstocking have also been
identified, which limit space for new raw materials. These findings are summarized in

Figure 14 and Table 1.
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Figure 14 SCOR Level 2: Guidelines for Development
in the Organic Vegetable Cultivation Group

Figure 14 illustrates the SCOR Level 2 framework as applied to Rak Kaset Somdul
Co., Ltd,, focusing on both core and supporting processes that require improvement.
the sequential and interconnected processes involved in the organic vegetable supply
chain, starting from suppliers and moving through the Organic Vegetable Farming Group
to the end customer. The figure illustrates three key types of flow: solid arrows
represent the main organic supply chain planning path, dashed arrows indicate the
flow of information between activities, and double-lined arrows denote alignment
activities designed to synchronize operations. These flows provide a clear
representation of how planning drives procurement, production, and delivery stages
across different entities in the supply chain.

Each process in the diagram is coded and categorized according to SCOR
standards. For instance, (sP1) represents Organic Supply Chain Planning, which drives
downstream activities. Supplier-related processes include (sS1) Raw Material
Procurement, (sM1) Production, and (sD1) Product Delivery to the farming group. Within
the Organic Vegetable Farming Group, core processes such as (sS2) Raw Material

Procurement, (sM2) Production, and (sD2) Product Delivery are supported by planning

NIATIVIMANAlULaTRRaNTTULAYIAINTTH WNINEFETAY TiuaaInT Iy
U9 7 atdui 2 wa. 2568



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 174

adjustments (sP5) to ensure schedule alignment. Supporting processes, (EP1)
Warehouse Management Planning, (ES1) Procurement Regulation Procedures, (EM1)
Assessing Production Efficiency, and (ED1) Product Delivery Management, provide the
operational backbone necessary for efficiency and compliance.

Visual cues in the diagram further enhance interpretation. Dark grey arrows
highlight priority areas for improvement, such as sP1 (planning) and sM2 (production),
while white arrows indicate standard ongoing processes. Circular icons symbolize
continuous operations like monitoring and quality checks, whereas square blocks
indicate decision points that require managerial input. Arrow direction indicates
workflow sequence, with solid lines for mandatory steps and dashed lines for
conditional flows. Color coding distinguishes between core SCOR processes (green),
supporting processes (blue), and recommended improvement activities (yellow).
Together, these symbols, flows, and process codes give a structured visual summary
of both the existing operations and targeted enhancements in the organic vegetable

supply chain.

Table 1 Analysis of Operational Issues of the Organic Vegetable Farming Group

Process Problem Solution
Organic Supply Chain Low customer demand due Expand online sales channels.
Planning (SP1) to the COVID-19 pandemic.
Production for Order Labor shortage affecting Provide training and upskill
Fulfillment (sM2) production capacity. workers.
Warehouse Management Overstocking causes Improve inventory inspections
Planning (EP1) insufficient space for raw and management.
materials.
Production Efficiency Inability to assess production | Train staff in capacity
Assessment (EM1) capacity leads to resource assessment and efficiency
waste. improvements.

SCOR Level 3 focuses on detailing internal and inter-organizational processes
based on insights from Levels 1 and 2. Each process is outlined with specific

components, data inputs and outputs, and performance metrics. Key performance
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indicators include reliability (improving lead time adherence), responsiveness (ensuring
stable production cycles), flexibility (reducing daily schedule changes), and cost
management (optimizing production budgets). Rak Kaset Somdul Co., Ltd. faces
challenges such as undefined roles, dependence on top management for decision-
making, and reliance on untrained local labor. Addressing these issues is crucial to
ensuring risk management and sustainable business operations.

At SCOR Level 4, the company implements detailed operational plans in line
with the SCOR framework. As illustrated in Figure 15, the steps for delivery begin with
collecting production data and receiving orders, followed by inventory checks and
production planning. Next, the company determines transportation routes, collects
products from the warehouse, assembles orders, checks for accuracy, verifies customer
locations, processes invoices, and completes delivery. This systematic workflow
ensures efficiency, reduces errors, and maintains consistency in delivering high-quality

organic produce to consumers.

D17 D16 015 D14 D13 D1.2 D11
Select routes Accept Pian produ- Estimate Inspect Recelve order Present
northbound - scheduling |o| ation and cre- | how recovered - - deliveries
and activities ate much Items In
rorthbound deliveries stock
Ship.
| ' storage
— —  — — =
018 019 D110 0111 D112 D113 deliker
Production ; 4
Receive Find Inspect Inspect Create Present
and storage stock o recovered L allrecovered | customer - celiveries delivery
items in items site reports
stock

Figure 15 Example of SCOR Operation at Level 4

5.3 Value Chain Analysis of Organic Vegetable Cultivation
The value chain analysis of Rak Kaset Somdul Co., Ltd. reveals strategic
activities that add value from input procurement to delivery, while also identifying
opportunities for profitability improvement.
Main activities include sourcing high-quality seeds (currently imported but

with plans to localize), soil preparation, greenhouse cultivation, and careful post-
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harvest handling. Supporting activities include in-house production of fermented water
and natural hormones, use of smartphone-based environmental monitoring, and digital
record-keeping for sales and inventory.

To enhance profitability, the following strategies are recommended:

1. Reduce reliance on imported seeds by partnering with local universities and
seed producers to lower procurement costs.

2. Increase labor productivity via workforce training and introducing mechanized
planting and harvesting tools.

3. Expand premium direct-to-consumer sales, leveraging online platforms for
higher-margin transactions.

4. Develop value-added products, such as organic vegetable chips, ready-to-cook
kits, and sauces, to diversify revenue streams.

5. Optimize cold chain logistics to reduce spoilage, extend shelf life, and expand
market reach.

These targeted measures directly address current cost drivers and capacity

limitations, aligning with market opportunities shown in Figure 16.

Genenic Agricultural Vegetable ccopar N
.
Company Structure and Future g
R
Technology Development \\
N
Inbound | ogistics Operations Qutbound Backups driven X
Logistics
Planting seedlings” ’ ‘Oelivering thorougnly Tt Profit
from centlled sources, cleaned and ;
In seedling trays | appropnstenly packed
vansferred from ‘ organic vegetables to
cooperative member's cold storage trucks
seeding greenhouses, | and shipping to /.
Located in cooperat—~ agents F 4
ne's greenhouses, -/
strictly managed v
end processsed to e
International /
standurds such as S %
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Figure 16 Value Chain of Organic Vegetable Cultivation

According to the figure above, supporting activities are essential to sustaining the

farm’s operations. The company produces its own fermented water and natural
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hormones, helping to lower costs and reduce reliance on external suppliers.
Nonetheless, challenges persist, particularly in labor management and technological
adoption. High costs of mechanized tools mean the farm continues to depend heavily
on manual labor for planting and harvesting, increasing labor expenses. A shortage of
skilled workers further limits efficiency, with many lacking specialized expertise in
organic farming. To address these issues, the company has adopted technology
upgrades such as smartphone applications for environmental monitoring in nurseries
and digital record-keeping for sales and purchases. Despite these advancements, the
high cost of organic pest control products remains a significant burden on the value

chain’s cost structure.

5.4 SWOT Analysis of Organic Vegetable Cultivation

The SWOT analysis of Rak Kaset Somdul Co., Ltd. provides strategic insights
into the strengths, weaknesses, opportunities, and threats facing the organic vegetable
farming business. The internal strengths include the management team's over two
years of experience in organic farming and the farm's ability to produce 12 different
varieties of organic vegetables. Additionally, the company has developed online sales
channels and achieved certification for both national organic standards and Organic
Thailand standards, ensuring product quality and building consumer trust. These
factors enhance the farm's competitive edge and expand its market presence as shown

in Table 2.

Table 2 SWOT Analysis of Organic Vegetable Cultivation

Factors Helpful Harmful
Internal Strengths (S): Weaknesses (W):
- 2+ years of management - Lack of advanced technology
experience - Limited manpower
- 12 vegetable varieties - Limited online marketing
- Online sales channels skills

- Certified organic production
- Organic Thailand

certification
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External Opportunities (O): Threats (T):
- Growing market demand - COVID-19 impacts reducing
- High demand during demand
vegetarian festivals - Inability to expand offline
- Preference for clean, channels
chemical-free vegetables

However, the company also faces significant internal weaknesses. There is a lack
of advanced farming technology, which increases the cost of production, particularly
in the procurement of raw materials. Limited manpower leads to production delays,
and there is a gap in online marketing expertise that hampers the ability to reach
broader markets. On the external side, the growing market demand for organic
vegetables presents an opportunity, especially during the vegetarian festival when
consumption spikes. Health-conscious consumers increasingly prefer clean, chemical-
free vegetables, allowing the company to expand its market reach.

Nonetheless, external threats remain a challenge. The COVID-19 pandemic has
reduced market demand and hindered the expansion of offline sales channels due to
restrictions on in-person interactions. As a result, surplus organic vegetables have
accumulated in the warehouse. To mitigate these risks, the company has shifted its
focus to online sales and plans to reopen physical stores in the future as conditions

improve.

6. Conclusion and Discussion

This study analyzed the supply chain management of Rak Kaset Somdul Co., Ltd.
using the SCOR model, value chain analysis, and SWOT framework to assess
operational efficiency and identify improvement opportunities. For Objective 1, the
findings revealed a well-defined supply chain comprising upstream, midstream, and
downstream processes, supported by both core and enabling activities. Regarding
Objective 2, high production costs were found to be heavily influenced by the reliance
on imported seeds, which increased procurement expenses and introduced supply

vulnerability. Objective 3 identified key constraints, including limited adoption of
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advanced technology, labor shortages, and insufficient expertise in organic farming
practices. These constraints hindered productivity and increased operational costs.
Cold chain logistics emerged as a pivotal factor in achieving Objective 4. In the SCOR
analysis, it enhanced delivery performance and preserved product quality. In the value
chain, it contributed to freshness, reduced waste, and supported premium pricing
strategies. The SWOT analysis positioned cold chain logistics as both a strength and an
opportunity, critical for market expansion. To address current challenges, it is
recommended that the company strengthen cold chain infrastructure, invest in
precision agriculture technology, and enhance workforce training to boost efficiency,
reduce costs, and secure sustainable growth.

The study contributes to the broader discourse on supply chain management in
organic agriculture. Rak Kaset Somdul Co., Ltd.’s model illustrates how a controlled
greenhouse environment combined with innovative logistics can support food safety
and sustainability goals. Moving forward, the company should invest in digital solutions
such as e-commerce platforms and smart farming technologies to streamline
operations and reduce labor dependency. The COVID-19 pandemic has reinforced the
need for flexible distribution strategies, highlighting the importance of online and
direct-to-consumer sales. Further research should compare supply chains across
various regions to develop guidelines for improving efficiency and resilience in the

organic vegetable sector.
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This research aims to improve the production process of the Housewives
Farmers' Group of Ban Phai Chumphon, a community enterprise located in Mueang
District, Phitsanulok Province, Thailand. The enterprise, established in 2015, processes
various agricultural products into value-added goods such as butter-baked bananas,
taro, pumpkin, and sweet potatoes, as well as salted and seasoned snacks. However,
the group has faced significant challenges related to high production costs, inefficient
workflows, and excessive material handling. The study applies principles of production
process improvement, focusing on factory layout analysis, material flow theory, and
transportation distance reduction to identify and address these issues. Data were
collected through observations of current production processes, including
workstations, raw material transport, and process flows. Tools such as flow process
charts and systematic layout planning (SLP) were used to map activities and evaluate
the spatial arrangement of the factory. The research also examined previous studies
on similar production optimization techniques to guide the design of a new, more
efficient factory layout.

The findings indicate that the original production system involved long material
transport distances and unstructured workflow sequences, leading to increased time
consumption and potential safety concerns. By redesigning the layout and optimizing
the arrangement of production stations, the researchers achieved a substantial

reduction in both material transport distance and time. Specifically, the average
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transport distance per production cycle decreased from 38.54 meters to 27.94 meters,
representing a 27.5% reduction. Additionally, the average time for material
transportation was reduced from 93.22 minutes to 92.62 minutes per cycle, amounting
to a 0.6% decrease. Although the time reduction appears modest, the significant
decrease in distance contributes to lower labor fatigue, enhanced safety, and improved
production efficiency. The study recommends further research incorporating tools such
as Value Stream Mapping (VSM) to achieve even greater operational efficiency. The
proposed layout design serves as a model for other community enterprises seeking to
optimize their production processes, minimize costs, and promote sustainable local
economic development.

Keywords: Community enterprise, Production process improvement, Factory layout

1. Introduction

Agriculture has historically been the foundation of Thailand’s economic, cultural,
and social identity, deeply embedded in the traditions and lifestyles of its people. For
generations, the majority of Thai citizens have engaged in farming, relying on
agricultural wisdom and self-sufficiency to sustain their livelihoods. This traditional
approach integrated inherited skills and localized knowledge, creating resilient
communities capable of adapting to environmental and social changes. However, in
recent decades, Thailand’s agricultural landscape has undergone a significant
transformation, shifting from subsistence-based farming toward industrialized and
production-oriented systems. Agriculture is now primarily focused on commercial
output for competitive markets rather than household consumption, prompting rural
communities to reorient their practices to sustain livelihoods in an era of globalization.
One prominent strategy for strengthening rural resilience is the development of
community enterprises, in which groups of local farmers pool resources, share
knowledge, and work toward common goals. These enterprises optimize local resource
use, foster collective well-being, and enhance economic independence, with
housewives’ community enterprise groups serving as a notable example of

empowering women to add value to agricultural products.
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In response to these socio-economic changes, the Thai government has
established clear policies aimed at empowering rural populations, enhancing self-
reliance, and improving the quality of life. These initiatives emphasize promoting
occupational groups that can strengthen production capacity and market
competitiveness. Government strategies typically follow two approaches: first,
supporting individuals to produce goods for direct sale as a means of household
income generation, and second, encouraging the formation of cooperative production
groups functioning as community-based businesses. Such community enterprises
contribute to grassroots development by fostering self-sufficiency, economic stability,
and social cohesion. They operate on principles of utilizing local wisdom, managing
natural resources sustainably, and creating income-generating opportunities that
reflect the community’s cultural identity. Collaboration with public and private
stakeholders ensures these enterprises align with local lifestyles while integrating
modern business practices. However, achieving sustainable outcomes remains
challenging due to constraints in resources, market access, and operational efficiency.
Overcoming these limitations requires strategic planning, effective resource
management, and adaptive practices that balance economic growth with cultural
preservation.

A case in point is the “Housewives Farmers’ Group of Ban Phai Chumphon,”
founded in 2015 in Phitsanulok Province, which processes agricultural products into a
variety of ‘One Tambon One Product’ (OTOP) items. The group’s portfolio includes
butter-baked bananas, taro, pumpkin, and sweet potatoes, alongside salted fried
variants and specialty products such as paprika bananas. Through collective operations,
the group has aimed to improve members’ economic standing and create stable
market channels. Nevertheless, high production costs have emerged as a persistent
challenge, driven by expenses for raw materials, labor, and indirect overheads such as
machinery maintenance and utilities. Outdated production methods and suboptimal
workflows contribute to inefficiencies, limiting profitability and threatening long-term
sustainability. Recognizing these issues, the group has identified cost reduction and

process optimization as critical objectives. Streamlined operations, improved resource
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allocation, and adoption of effective management practices are essential for enhancing
production efficiency and ensuring the enterprise’s resilience.

Research in related contexts offers practical solutions to these operational
challenges. Mankongtham (2017) demonstrated that applying master production
scheduling systems and advanced layout design techniques—such as Simulated
Annealing and Robust Layout—can substantially reduce material handling distances
and operational losses, even under variable demand conditions. Thongrak et al. (2017)
illustrated how participatory action research and process standardization could
transform household-level sweet potato production into a sustainable commercial-
scale industry, yielding increased income and market presence over two years.
Likewise, Bang-on (2016) emphasized the utility of Systematic Layout Planning (SLP) in
designing efficient factory layouts by optimizing the arrangement of people,
equipment, and materials to minimize waste and idle time. Coupled with Allan H.
Mogensen’s flow process analysis principles, these methods facilitate the identification
of bottlenecks, the elimination of redundant steps, and the creation of smooth
production flows. For the Housewives Farmers’ Group of Ban Phai Chumphon, adopting
such approaches could significantly improve material flow, reduce unnecessary
handling, and lower both direct and indirect costs. These targeted interventions not
only enhance productivity but also contribute to the broader goal of sustaining

community enterprises as engines of rural economic development.

2. Research objectives

2.1 To improve the production process of the community enterprises in Phai
Chumphon subdistrict, Mueang District, Phitsanulok Province

2.2 To make the guidelines for the community enterprises in Phai Chumphon

subdistrict, Mueang District, Phitsanulok Province

3. Methodology
This research methodology section outlines the principles, theories, and

systematic approaches used in conducting the study. The focus is on improving the
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production process of a community enterprise that processes agricultural products.
The methodology is divided into two main parts: data collection and data analysis.
3.1 Data Collection

The first phase involves an in-depth study of the products and production
processes of the community enterprise. The enterprise produces nine main products:
butter-baked bananas, butter-baked taro, butter-baked pumpkin, butter-baked sweet
potatoes, salted fried bananas, salted fried taro sticks, salted fried sweet potatoes,
baked sour bananas, and paprika bananas. Each product’s production process is
documented using process flow charts and flow diagrams to clearly illustrate the steps
involved.

In addition, a detailed study of the workstation setup is conducted. This
includes collecting data on the current factory layout, the arrangement of stations, the
exact location of each workstation, and the distances between them. Understanding
the spatial arrangement is essential for identifying inefficiencies in production flow.

Furthermore, data on the time and distance required for raw material
transportation are collected. This involves measuring the time taken for each
transportation activity and recording the corresponding distances. The results are
systematically documented in the production process flow chart to ensure accuracy
and traceability.

Lastly, the research team studies the overall material flow throughout the
production process. This involves mapping each step, respectively, and evaluating the
material movement to identify redundant or inefficient paths. The flow of materials is
visualized through a comprehensive flow process diagram.

3.2 Data Analysis

The enterprise operates on a Make-to-Order (MTO) system, meaning products
are manufactured based on specific customer orders. The analysis begins by examining
the current workstation arrangement. Each workstation is equipped with specific tools
and equipment, but discontinuity in the production sequence has been observed,
resulting in process delays.

Next, the transport distance and time data are analyzed. Since the

workstations are located in separate areas, the production process involves excessive
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material movement, leading to longer transportation times and inefficiencies. Some
routes are inconsistent and not aligned with the overall workflow, causing further
delays.

Flow data is then analyzed by combining the transport time and distance
information. This enables the researchers to design a new, more efficient production
process. Finally, the researchers propose a new factory layout based on systematic
layout planning principles. This redesigned layout aims to minimize material
movement, optimize workflow, and improve space utilization, ultimately enhancing

overall production efficiency.

4. Research results

Based on the study of factory layout theories and the analysis of the current
operational data from the case study community enterprise, the production flow was
examined using the prototype diagram presented in Figure 1 and the workstation
distance diagram depicted in Figure 2. The findings indicate that the excessive distances
between certain workstations are a significant factor contributing to reduced efficiency

in material transfer within the production process.
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Figure 1 illustrates the current layout of the factory’s production stations for the
community enterprise. This diagram displays the sequence of workstations used in the
production process of agricultural products, particularly focusing on processed banana
products. The layout shows how workstations are scattered and not optimally
arranged, resulting in long material transport distances between steps. The diagram
highlights inefficiencies in the flow of materials, which lead to increased production
time and unnecessary labor movement. The discontinuity between stations creates
bottlenecks and affects the smoothness of operations. The current station
arrangement does not fully support lean production principles or efficient resource
utilization, prompting the need for improvement. This figure serves as the baseline for
analyzing how workstation design impacts production flow, material handling time, and

operational costs.
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Figure 2 Current stations with details and distances

Figure 2 presents a detailed diagram of the current production stations, including

specific measurements of the distances between each station. The figure provides a
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clearer view of how raw materials move from one processing point to another, covering
steps such as peeling, slicing, frying, and packaging. Each transportation step is marked
with the exact distance in meters, allowing for precise calculation of total material
movement throughout the factory. The figure reveals that some stations are located
far apart, resulting in redundant transportation paths and inefficiencies in production
flow. This arrangement increases production time and contributes to higher labor costs
due to excessive material handling. Figure 2 also helps identify critical points where
workflow interruptions occur, providing essential data for redesigning the factory
layout. By documenting these details, the figure sets the foundation for proposing a
new, optimized layout to minimize distances and improve production efficiency.
A revised diagram is designed, and taking into account the following guidelines:

1. Adjust and reduce the flow distance to the minimum, which will reduce the
transfer time.

2. Adjust and reduce unproductive and inefficient work.

3. Adjust and reduce unusable space.
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Figure 3 shows the revised factory diagram. Examples of some products are
shown in Table 1. Flow chart of the production process of dried bananas before
improvement and comparison of the material transfer distance of the prototype
factory diagram with the revised factory diagram. Table 2 shows a comparison of the
average material transfer time of all products of the prototype factory diagram before
and after improvement. From the improved prototype factory layout shown in Figure
3, it can be concluded that the improved factory layout can reduce the distance used
for material transfer from 38.54 meters per cycle to 27.94 meters per cycle, a distance
reduction of 27.5%, and the time used for material transfer from 93.22 minutes per
cycle to 92.62 minutes per cycle, or a reduction of 0.6%, respectively.

Table 1 presents the production process flow chart for butter-baked bananas
before the process improvement. It details each production step, the associated
distance of material movement (in meters), and the time taken (in minutes) for each
task. The chart begins with purchasing raw materials from local farmers and proceeds
through various stages such as transporting raw bananas to the peeling station, peeling,
rinsing, slicing, weighing, seasoning with butter and sugar, frying, draining, packaging,
and final inspection. In total, the production process consists of 9 working steps, 7
transportation steps, 1 waiting step, 3 inspection steps, and 1 storage step. The total
distance for material movement within the original layout is 38.4 meters, while the
total time required for the process is 91.56 minutes per production cycle. This table
emphasizes key inefficiencies in the original production system, such as excessive
distances between workstations, repetitive material handling, and time-consuming
transportation. The detailed breakdown allows for a clear understanding of where time
and space are consumed, providing a basis for identifying areas to improve production
efficiency. This assessment is critical for community enterprises aiming to reduce
operational costs, streamline workflows, and enhance productivity. The collected data
in Table 1 was used as a benchmark to design a new factory layout that minimizes

distance, reduces material handling time, and eliminates unnecessary processes.
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Table 1 Production process flow chart

Production process flow chart

Previous method Work by men Summary of results
Proposed method Raw material Before After Difference
Name/ Production process with the Working H 9 - -

previous method

Products: Banana chips with butter Transportation = 7 - -
Chart number Waiting D) 1 - -
Page 1 Inspecting 3 - -
Recorded by: Niratcha Storage V 1 - B
October 5™, 2024 Distance (meter) 38.4 - -
Distance
Working process Path Time (min.) Remark
(m.)

1. Buy raw materials from farmers
2. Transport raw bananas to peeling point 3.9 0.25
3. Peeling the bananas 15.76
4. Soak in water and rinse them 2.75
5. Slice the bananas into slices 11.56
6. Take banana sheets to stripping point 11 045
7. Peel off the banana slices 8.83
8. Take to the weighing point 1.2 0.15
9. Take the banana slices and weigh 1.20
10. Toss banana slices with sugar/butter. 4.38
11. Take to the frying point 1.3 0.17
12. Fry the bananas golden brown crispy 12.50
13. Scoop and put on an absorbent sheet 1.88
14. Move to the draining point 0.13
15. Drain the oil and let the temperature drop 10.50
16. Take the fried to the packaging room 19.8 0.93
17. Weighing 10.90
18. Bagging 7.90
19. Move to the cargo hold 1.2 0.13
20. Perform packaging inspection 1.19
21. Place at the finished product storage point
awaiting delivery

Total 9 71 31 38.4 91.56
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Table 2 Comparison of average total material handling distance and time between

the current prototype plant layout and the modified plant layout

Time (min.) Percentage Distance (m.) ~ Percentage

Product of time of distance
Current  Modified | . Curent Modified . .
Baked Banana with Butter  91.56 ~ 91.05 0.07 38.4 27.8 27.60
Baked Taro with Butter 91.76  91.32 0.48 38.4 27.8 27.60
Baked Pumpkin with Butter 9172 91.20 0.57 38.4 27.8 27.60
Baked Sweet Potato 91.78 91.15 0.69 38.4 27.8 27.60
Salted Banana 97.31 96.74 0.59 38.4 27.8 27.60
Salted Taro 97.31 96.83 0.49 38.4 27.8 27.60
Salted Sweet Potato 9755  96.82 0.75 38.4 27.8 27.60
Baked sour Banana 87.22 86.78 0.50 38.4 27.8 27.60
Paprika Banana 92.81 91.69 1.21 39.7 29.1 26.70
Average 9322  92.62 0.59 38.54 2794 27.50

Table 2 presents a comparative analysis of the average total material handling
distance and time between the current (prototype) factory layout and the newly
modified factory layout for nine different agricultural processed products produced by
the community enterprise. The primary focus of this comparison is to evaluate how
the new layout design impacts production efficiency by reducing both the distance of
raw material transportation and the time required for the production process.

For each product, including butter-baked bananas, butter-baked taro, butter-
baked pumpkin, butter-baked sweet potatoes, salted bananas, salted taro sticks, salted
sweet potatoes, broken sour bananas, and paprika bananas, both time (in minutes)
and distance (in meters) are recorded before and after the improvement. The results
show a consistent reduction in material transfer distance across all products. For most
products, the distance was reduced from 38.4 meters in the current layout to 27.8
meters in the modified layout, resulting in a 27.6% reduction. The paprika banana
process saw a slightly different reduction, from 39.7 meters to 29.1 meters, achieving

a 26.7% decrease.
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In terms of time, the improvements also show positive results, although the
reductions are less significant than the distance reductions. For butter-baked bananas,
the average time decreased from 91.56 minutes to 91.05 minutes, which is a 0.07%
reduction. Similar slight reductions in time were observed across all products, with the
largest time decrease recorded for paprika bananas at 1.21%, reducing the process
time from 92.81 minutes to 91.69 minutes.

On average, the time taken per production cycle dropped from 93.22 minutes
to 92.62 minutes, a 0.59% reduction. The average distance of material handling per
cycle was reduced from 38.54 meters to 27.94 meters, achieving a 27.5% decrease in
transport distance.

These results demonstrate that the new factory layout significantly reduces the
physical distance of material movement, making the production process more efficient.
While the time savings are relatively modest, the substantial reduction in
transportation distance leads to lower labor fatigue, reduced production costs, and
improved workflow continuity, aligning with the study's objective of increasing

production efficiency.

5. Conclusion and Recommendations
5.1 Conclusion

The findings from the data collection conducted in the case study of the
community enterprise revealed significant inefficiencies in the transportation of raw
materials. Specifically, the material handling routes were unnecessarily long, and the
transportation paths were reversed, leading to operational difficulties and potential
safety concerns. In response to these issues, the research team conducted an
extensive review of relevant literature, including theories on production process layout,
material .

The primary objective of the research was to enhance the production process
by designing and implementing an improved factory layout that minimizes
transportation distances and streamlines material flow. As a result of the proposed
improvements, the average distance for raw material transportation was reduced from

38.54 meters per production cycle to 27.94 meters, representing a 27.5% decrease.
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Additionally, the time required for material transportation decreased from 93.22
minutes per cycle to 92.62 m..
5.2 Recommendations

Based on the results of this study, the following recommendations are
proposed to further improve production efficiency and support the implementation of
the new layout:

5.2.1 This research presents a conceptual framework for the systematic design
and selection of an optimized production process layout. However, the proposed
layout has not yet been implemented in a real-world setting. Therefore, it is
recommended that additional data collection be conducted before practical
application. This should include an assessment of cost implications, raw material flow
logistics, and projections of potential productivity gains to ensure the feasibility and
effectiveness of the proposed system.

5.2.2 The present study did not incorporate the application of Value Stream
Mapping (VSM) in the analysis of production flow data. For future research, it is
recommended that VSM and other lean management tools be employed to provide
a more comprehensive evaluation of production efficiency. Future studies should
ensure that their findings align with the research objectives, particularly in terms of
reducing waste, improving workflow, and enhancing overall operational performance.

5.2.3 To enhance the robustness of the production process improvement, it
is recommended that multiple alternative factory layout designs be developed and
evaluated by Systematic Layout Planning (SLP) principles. Each alternative should be
compared using clear performance metrics such as total material handling distance,
production time, space utilization, safety considerations, and estimated
implementation costs. This comparative approach will allow the selection of the most
effective and feasible layout, ensuring that the improvement process is comprehensive
and optimally aligned with both operational efficiency and the community enterprise’s

long-term sustainability goals.
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The research aims to study the supply chain management and analyze the
specific activities in the supply chain management of the green tea industry in
Hangzhou, China. A mixed-method approach was adopted, incorporating quantitative
surveys of 370 respondents from 15 green tea enterprises and qualitative interviews
with 15 senior professionals in Hangzhou’s green tea export industry.

Quantitative analysis revealed that 24.2% of respondents identified logistics and
supply chain management as key areas requiring innovation, second only to quality
control. The overall mean score of 4.07 demonstrates a strong consensus on the
importance of nine SCM factors, particularly sourcing strategies, logistics efficiency, and
inventory management, which are deemed essential for enhancing competitiveness,
sustainability, and export performance in Hangzhou’s green tea industry. Qualitative
findings reinforced these results, with managers emphasizing the strategic role of long-
term supplier relationships, real-time logistics optimization, and predictive inventory
control systems. Moreover, it can be illustrated that these key SCM activities occur
across interconnected stages, from sourcing to consumer delivery. The integration of
sourcing strategy, logistics efficiency, and inventory management enables green tea
enterprises to remain competitive, responsive, and sustainable in a global marketplace.
Hangzhou’s green tea sector can enhance traceability, product quality, and export
performance. This research contributes valuable insights for policymakers, producers,
and exporters seeking to optimize SCM in China’s evolving tea industry.

Keywords: Green tea industry, Supply chain management, Logistics efficiency
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1. Introduction
China holds the position of the world’s largest producer and exporter of tea,
with green tea accounting for a commanding 83% of total tea exports in 2018, as

shown in Figure 1.

China’s tea exports Proportion of tea exports from China by tea type

(2014-2018) (2018)
565 366 4% 2% 1% = Green Tea
e 325 329 ¥
: \ | m Black Tea
17.8
12.7 138 14.9 1! « Oolong Tea
I l I I | = Floral Tea

2014 2015 2016 2017 2018 Camellia sinensis var.

o mi
® Exports (10k tons)  m Export value ($100 million) assanvcd

Figure 1 China’s tea exports and their proportion by tea type
(Daxue Consulting, 2020)

Figure 1 presents two key insights into China’s tea export performance. The bar
chart on the left illustrates a steady increase in both export volume and value from
2014 to 2018, with exports rising from 30.2 to 36.6 thousand tons and the export value
increasing from $1.27 billion to $1.78 billion. The pie chart on the right illustrates the
dominance of green tea in China’s tea exports, accounting for 83% in 2018, followed
by black tea (10%), oolong tea (4%), floral tea (2%), and Camellia sinensis var. assamica
(1%). These trends have indicated that the green tea product plays a crucial role in
China's export strategy (Daxue Consulting, 2020).

Zhejiang Province, particularly Hangzhou, has long led the green tea industry
through innovation, quality control, and integrated supply chain systems. As consumer
preferences shift toward high-quality, traceable, and sustainably produced teas, the
role of supply chain management (SCM) becomes increasingly central to maintaining
and expanding China’s export leadership. SCM enables coordination across producers,
processors, logistics providers, and exporters to ensure consistent product standards,
timely delivery, and compliance with international trade regulations. Moreover, this

recent study conducted in Hangzhou identified SCM as a key determinant of export
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success (Chen, 2024). This finding underscores the significance of logistics efficiency,
inventory transparency, and supplier collaboration in enhancing the competitiveness
of tea exports. Hangzhou’s ability to integrate blockchain traceability and digital
inventory tracking has significantly enhanced its supply chain responsiveness and
reliability in global markets.

This article applies the SCM-focused framework developed from the Hangzhou
study to the green tea sector in Hangzhou. Hangzhou is a secondary tea-producing
region, but it holds untapped potential. Although Hangzhou is considered a secondary
tea-producing region compared with China’s leading provinces such as Yunnan, Fujian,
and Anhui, it holds significant untapped potential due to its established infrastructure,
innovation capacity, and integration into Zhejiang’s export networks (Shi et al., 2019).
Unlike Kenya’s tea subsector, which relies heavily on smallholder cooperatives for bulk
black tea exports (FAO, 2022), or Sri Lanka’s Ceylon tea industry, renowned for its
global branding and auction-based distribution system (Khuyen & Yen, 2017), Hangzhou
positions itself by leveraging digital traceability, blockchain, and real-time logistics
platforms (KPMG, 2023). This trajectory reflects the application of Dynamic Capabilities
theory, where firms reconfigure resources to sustain competitiveness in global markets,
and User-driven Innovation, which emphasizes aligning tea production with consumer
demands for quality, transparency, and sustainability. Moreover, digital transformation,
through Al-powered losgistics, predictive inventory management, and e-commerce, has
accelerated industry development, enabling Hangzhou’s enterprises to differentiate
themselves from traditional export models. These developments underscore
Hangzhou’s strategic role in bridging China’s traditional tea heritage with modern
supply chain innovations. By adopting best practices in SCM, Hangzhou can improve
its export readiness, operational efficiency, and alignment with global market

expectations.

2. Research Objectives
2.1 To examine the overall supply chain management (SCM) of the green tea

industry in Hangzhou, China
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2.2 To analyze specific activities within the supply chain, including procurement
practices, processing operations, distribution channels, and technology adoption for
the success factors and operational challenges of the green tea industry in Hangzhou,
China

2.3 To propose policy and managerial recommendations for enhancing the
efficiency, resilience, and innovation capacity of Hangzhou’s green tea supply chain in

aligcnment with global market expectations

3. Literature Review

This section explores existing literature on China’s green tea industry into 2
sections: the tea industry and green tea processing in China, and the supply chain
management of Chinese green tea.

3.1 Tea Industry and Green Tea Processing in China

The global tea market has seen consistent growth, with its value projected to
reach USD 160 billion by 2028, up from approximately USD 122.2 billion in 2022
(Ridder, 2023). Tea, as a beverage, has been deeply rooted in human culture for
centuries, with its earliest documented use traced back to the third century in China.
Initially consumed for medicinal purposes, tea gained recreational popularity during
the Tang Dynasty and gradually spread across Asia. By the sixteenth century, it had
reached Europe through trade routes, further expanding its cultural and commercial
significance. Today, China stands as the world’s largest tea producer and consumer,
contributing roughly 45% of global production in 2022. Other major tea-producing
countries include India and Kenya. According to the Food and Agriculture Organization
(FAO, 2022), China produced approximately 2.4 million metric tons of tea in 2021,
followed by India (900,000 metric tons) and Kenya (305,000 metric tons).

Tea cultivation in China dates back to the Han Dynasty (206 BC — 220 AD), and
today, the crop is cultivated in almost every province, with key production regions in
Zhejiang, Anhui, Fujian, Yunnan, and Sichuan (Shi et al., 2019). The increasing demand
for specialty teas and the rise in disposable income, especially in developing countries,
have contributed significantly to the growth of the global tea market (Wu & Chen,

2022). Chinese tea is broadly classified into six basic types based on color and
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processing technology: green, white, yellow, red (black), oolong, and dark. Remarkably,
all six tea types can potentially be derived from the same tea plant, depending on the
plucking method and processing technique employed. For instance, some teas are
made exclusively from young buds, while others use larger leaves or full shoots. Each
tea variety demands precise harvesting instructions, which are often dictated by
technologists to ensure optimal quality (Chazhidao, 2023).

Green tea, accounting for over 60% of China’s total tea production, is the
most popular and widely exported tea type (Ridder, 2023). It is processed from
unoxidized tea leaves, which preserve its distinctive green hue and delicate, fresh
flavor. The key to green tea processing lies in the rapid deactivation of enzymes
through heat, a step known as “kill-green,” which halts oxidation and fermentation.
The typical production process involves several stages: picking young and tender
leaves, withering to reduce moisture, fixing via heating to preserve the green color,
rolling to break down cell structures, drying to remove residual moisture, sorting for
size and quality, and finally packing for distribution (Li & Zhang, 2019). Beyond its use
as a traditional beverage, green tea is increasingly utilized in functional foods,
beverages, cosmetics, and wellness products, highlighting the need to understand its
entire production line. As green tea continues to gain international popularity,
optimizing its processing and supply chain remains essential to meeting diverse
consumer demands and quality standards worldwide.

3.2 Supply Chain Management of Chinese Green Tea

The supply chain of Chinese green tea is a complex and highly coordinated
system involving multiple stakeholders, including tea farmers, processors, wholesalers,
retailers, and end consumers. In key tea-producing provinces such as Zhejiang, Anhui,
Sichuan, Fujian, and Yunnan, cultivation begins with farmers who carefully tend their
tea gardens, ensuring optimal sunlight, water, and soil nutrition. The harvesting stage
follows, where young and tender leaves are meticulously hand-picked using
specialized tools to preserve their structure and maximize their flavor and aroma
potential. These leaves then move to processing centers where they undergo a series
of essential steps: withering, fixing to halt oxidation, rolling, drying, sorting, and finally,

packing. Once processed, green tea enters the wholesale phase, where wholesalers
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consolidate batches from different sources and facilitate large-scale distribution. From
there, the tea is distributed to a variety of retail outlets, including traditional tea
houses, supermarkets, convenience stores, and increasingly, online platforms. Each link
in this supply chain plays a critical role in maintaining product quality and traceability.

The flow of this green tea supply chain is illustrated in Figure 2 (Wright, 2016).

Consumer ]

1
Retailer ’
!
Blender/ l
brand
t
Freight '
handler J
/ Trodet ]—
Tea auction/
broker ) \
Transport ]
Bought leaf /
factory

Processing J

I fa;ory

I Plantation l

Smallholder I s /
\ Tea Plucker '

Figure 2 Supply chain of Chinese green tea (Wright, 2016)

Buying centre l

Figure 1 illustrates the complex supply chain of the tea industry, beginning at
the production level and ending with the final consumer. The process starts with tea
pluckers and smallholders who harvest fresh leaves from plantations. These leaves
are either sent to processing factories or bought by leaf factories via buying centers.
The processed tea is then transported and consolidated by traders. From here, it may
follow different paths—either sold through tea auctions and brokers or distributed
through freight handlers to branded blenders. After blending, the tea moves to
retailers, eventually reaching consumers. Each node in the supply chain plays a specific
role: plantations and factories ensure raw material quality, traders and brokers manage

market access, and logistics providers ensure timely movement. The presence of
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multiple transport and distribution routes highlights the dynamic and flexible nature

of tea trade networks. This interconnected structure ensures product flow efficiency,

quality maintenance, and responsiveness to market demands.

Table 1 Summary of Supply Chain Management of Chinese Green Tea

Stage/Aspect

Key Activities

Challenges

Innovations/Practices

Production &

Farming

Processing

Wholesale &
Distribution

Retail &
Consumer

Delivery

Green SCM
(GSCMm)

Technology

Integration

Tea farmers cultivate and
hand-pick young leaves in
Zhejiang, Anhui, Fujian,
Yunnan, and Sichuan
Withering, fixing (“kill-
green”), rolling, drying,
sorting, packing
Consolidation of batches,
auctions, brokers, freight
handlers, and branded
blenders

Tea houses, supermarkets,
convenience stores, and

online platforms

Integration of sustainable
practices across the

supply chain

loT, automation, Al-
powered logistics,
blockchain for
transparency, data

analytics for efficiency

Climate variation,
soil quality, labor

intensity

Inconsistent tea
quality due to
processing variability
Market access, price

volatility

Maintaining freshness
and traceability,
meeting specialty
tea demand
Ensuring
transparency,
compliance with
sustainability
standards

High investment
costs, digital
adoption gaps

among smallholders

Training, sustainable
farming, and ethical

sourcing verification

Adoption of advanced
processing standards,
eco-certification

Use of digital platforms,
blockchain for

traceability

E-commerce, direct-to-

consumer logistics

Eco-design, green
purchasing, customer
cooperation, reverse
logistics, investment
recovery

Digital transformation
enabling traceability,
predictive inventory,

and real-time logistics

As shown in Table 1, the supply chain of Chinese green tea is a multi-stage

process involving cultivation, processing, wholesale, distribution, and consumer
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delivery, each facing distinct challenges and requiring targeted innovations. The
integration of Green Supply Chain Management (GSCM) principles and digital
transformation technologies, such as blockchain, IoT, and predictive logistics, is
reshaping the sector toward greater efficiency, sustainability, and g¢lobal
competitiveness. This structured overview highlights the dynamic interactions among
stakeholders and underscores the strategic importance of technology-driven practices
for ensuring quality, traceability, and resilience in Hangzhou’s green tea industry.

Furthermore, ¢reen supply chain management (GSCM) refers to an
environmentally conscious approach to managing the flow of goods—from
procurement and production to distribution—by integrating sustainable practices and
technologies at every stage. In the context of the Chinese green tea industry, GSCM
not only minimizes environmental impacts but also enhances economic viability by
balancing ecological preservation with business performance (Dashore & Sohani, 2013;
Li, 2011). Despite its benefits, challenges persist. Ensuring traceability throughout the
supply chain remains difficult, especially in verifying ethical sourcing and sustainable
farming practices. Inconsistent tea quality, affected by variables such as climate, soil,
and processing techniques, also poses issues. Furthermore, shifting consumer
preferences and demand for specialty teas require suppliers to remain adaptable and
innovative (Khuyen & Yen, 2017). To address these obstacles, technological solutions
such as loT devices and blockchain are increasingly employed to monitor storage
conditions and provide traceable product histories, fostering transparency and
consumer trust.

The evolution of GSCM practices has gained momentum globally, driven by rising
environmental awareness and regulatory demands. Businesses are now adopting five
core GSCM strategies: integrated environmental management (IEM), eco-design, green
purchasing (GP), customer cooperation (CC), and investment recovery (IR)
(Aroonsrimorakot et al., 2022; Vanalle et al., 2017). These practices include initiatives
such as environmental certification, eco-efficient design, reverse logistics, and recycling
programs. In the Chinese green tea sector, the integration of automation, data analytics,

and sustainable sourcing is shaping a modern, efficient, and environmentally
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responsible supply chain (KPMG, 2023; ETP, 2023). This transformation ensures long-

term competitiveness while meeting the expectations of global consumers.

4. Research Methodology

For the quantitative component, data were collected through a structured
questionnaire measuring perceptions of supply chain management (SCM) practices
across sourcing strategy, logistics efficiency, and inventory management. A five-point
Likert scale ranging from “strongly disagree” to “strongly agree” was employed. The
instrument was validated for content by three experts in supply chain and agricultural
economics, and reliability testing using Cronbach’s alpha produced values above 0.80,
confirming strong internal consistency. The study targeted 15 large-scale processing
enterprises in Hangzhou, collectively employing approximately 4,850 individuals, from
which a sample size of 370 respondents was determined using Taro Yamane’s formula
(Yamane, 1967). Stratified random sampling was then applied to ensure representation
of executives, administrators, and departmental heads. Data analysis employed both
descriptive statistics (mean, standard deviation) and inferential techniques, including
correlation and regression analysis, to assess relationships among SCM factors and their
effects on competitiveness and export performance (Wu & Chen, 2022).

Secondly, for the qualitative component, semi-structured interviews were
conducted with 15 senior professionals, including company executives and industry
experts. An interview guide was developed to ensure consistency while allowing
flexibility for probing questions. All interviews were audio-recorded, transcribed
verbatim, and analyzed through thematic content analysis. Coding followed an
inductive approach, identifying recurring themes across sourcing, logistics, and
inventory dimensions. To enhance trustworthiness, researcher triangulation and
member checking were employed. Integration of quantitative and qualitative results
followed a mixed-method convergence design, allowing cross-validation and deeper

insights into SCM practices in Hangzhou'’s green tea industry.
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5. Research Results
This section can be divided into 2 parts: the quantitative and qualitative results
as follows.

5.1 The quantitative results

Table 2 Areas in need of innovation in the green tea industry

Number of
Scopes of innovation needed Percentage (%)
respondents (n=370)

Innovation is needed for the industry

Procurement 37 10.2
Production 40 10.8
Quality control 203 54.8
Logistics and Supply Chain Management 90 24.2

Total 370 100.0

Table 2 presents data on the perceived areas in need of innovation within the
green tea industry, based on responses from 370 participants. The table categorizes
innovation needs into four key areas: procurement, production, quality control, and
logistics and supply chain management. Respondents were asked to identify where
they believed innovation was most urgently required. A majority of respondents, 203
individuals, 54.8%, identified quality control as the area most in need of innovation.
This suggests that maintaining consistent product standards and enhancing the quality
of green tea products is a primary concern for industry stakeholders. As China continues
to position itself as a leader in green tea exports, stringent quality assurance processes
become essential for meeting both domestic and international standards. Logistics and
supply chain management followed as the second most cited area, with 90
respondents, 24.2%, indicating a need for improvement. This points to challenges
related to traceability, timely delivery, and coordination among supply chain actors. In
contrast, production, 10.8%, and procurement, 10.2%, received lower response rates,
suggesting these areas are either more developed or considered less critical in the

current industry context.
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Overall, the data highlight a strong emphasis on improving product quality and

optimizing supply chain operations, two essential components for sustaining
competitiveness and ensuring long-term growth in the green tea sector.
Table 3 presents the mean scores and standard deviations for nine key factors related
to Supply Chain Management (SCM) in Chinese green tea processing export companies
in Hangzhou. The factors are grouped into three core dimensions: sourcing strategy,
logistics efficiency, and inventory management. Respondents rated the importance of
each factor on a Likert scale, with all items receiving a “High” level of importance
based on their mean scores.

Under the sourcing strategy dimension, the highest-rated item was the belief that
optimizing sourcing strategies leads to cost savings and efficiency, mean was 4.10,
followed closely by the need to establish long-term supplier relationships, mean was
3.99. The item on sourcing strategy as essential for ensuring a consistent supply of raw
materials scored a mean of 3.88. These findings highlight that green tea enterprises
place strong emphasis on sourcing reliability and strategic partnerships to support
sustainable production.

In the logistics efficiency category, respondents rated all items highly, with

logistics perceived as enhancing competitiveness receiving the highest mean score of
4.15. This was followed by views on cost savings and improved customer satisfaction,
mean was 4.12, and optimizing delivery times, mean was 3.89. These results
underscore the critical role of logistics in maintaining timely exports and customer
responsiveness in the competitive tea market.
For inventory management, the operational optimization had the highest mean score
(4.04). Investments in inventory systems and software, and the need for robust
inventory control policies both scored equally at 3.97. These values reflect a growing
awareness among firms of the need to manage inventory more strategically,
particularly to avoid stockouts and excess inventory.

The overall mean score across all items was 4.07 with a standard deviation of
0.996, indicating a high and consistent perception of SCM importance across

respondents.

NIANTIVINMTnAlUladnavnIsuLayIAINTIL WNINeNdeTRAivaansy
U9 7 atdui 2 wa. 2568



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 207

Table 3 Mean and standard deviation of Supply Chain Management

[tem

Supply Chain Management

X

S.D.

Levels of

importance

Sourcing strategy

You consider sourcing strategy to be in ensuring a consistent
and reliable supply of raw materials for Chinese green tea
processing export companies in Hangzhou.

Optimizing sourcing strategies can lead to cost savings and
improved efficiency in the supply chain of Chinese green tea
processing export companies in Hangzhou.

Chinese green tea processing export companies in Hangzhou
need to establish long-term relationships with suppliers to
ensure a stable and sustainable supply of raw materials.
Logistics efficiency

You perceive logistics efficiency to be in enhancing the
competitiveness of Chinese green tea processing export
companies in Hangzhou.

Improving logistics efficiency can lead to cost savings and
improved customer satisfaction for Chinese green tea
processing export companies in Hangzhou.

Optimizing logistics efficiency can lead to faster delivery times
and reduced lead times for Chinese green tea processing export
companies in Hangzhou

Inventory management

It is essential for important inventory management to optimize
the operations of Chinese green tea processing export
companies in Hangzhou.

Chinese green tea processing export companies in Hangzhou
are likely to invest in implementing inventory management

software and systems to enhance efficiency.

3.88

4.10

3.99

4.15

4.12

3.89

4.04

3.97

1.034

1.010

0.997

1.101

1.059

0.992

0.972

1.049

High

High

High

High

High

High

High

High

Chinese green tea processing export companies in Hangzhou
need to establish robust inventory control policies and
procedures to mitigate risks associated with overstocking or
stockouts.

Total

3.97

4.07

1.037

0.996

High

High
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The quantitative findings revealed an overall mean score of 4.07, signifying a
strong and consistent consensus among respondents that supply chain management
(SCM) is highly important to Hangzhou’s green tea industry. This high score indicates
that SCM practices are not merely supplementary but central to sustaining
competitiveness and export readiness in an industry under increasing global scrutiny.
A comparison across different management levels (executives, administrators, and
departmental heads) revealed no statistically significant differences in perceptions (p
> 0.05), suggesting a shared recognition of SCM’s critical role throughout organizational
hierarchies.

When compared with findings from other Chinese tea-producing regions, such as
Fujian and South Anhui, where prior studies emphasize traditional procurement and
processing efficiency, Hangzhou’s emphasis on digital logistics and blockchain
traceability illustrates a more innovation-driven orientation. This aligns with broader
supply chain modernization trends observed in Zhejiang’s industrial clusters.

Statistical hypothesis testing further confirmed that logistics efficiency (mean =
4.15) had a significantly higher influence on perceived competitiveness than sourcing
strategy (mean = 3.99) or inventory management (mean = 3.97) at the 0.05 significance
level. This finding emphasizes logistics as the most decisive factor for ensuring
international responsiveness.

5.2 The qualitative results

The qualitative findings from interviews with 15 senior professionals in
Hangzhou’s green tea processing export industry reveal that Supply Chain
Management plays a critical role in ensuring competitiveness, quality consistency, and
global market responsiveness. The interviews highlighted three major SCM themes:
sourcing strategy, logistics efficiency, traceability, and inventory control.

Several general managers and factory owners emphasized the importance of
establishing strategic supplier partnerships to maintain a stable and sustainable supply
of raw tea leaves. Long-term contracts and multi-tier supplier models were reported
to help mitigate procurement risks and support consistent quality.

Logistics optimization emerged as a recurring priority. Managers underscored

the need for logistics automation, freight scheduling, and real-time transport
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monitoring systems to enhance delivery speed and reduce operational costs. Data-
driven logistics and Al-powered freight management systems were widely adopted to
respond to international market demands efficiently.

On the traceability front, blockchain technology was frequently cited as a
game-changing innovation. It enables transparency from farm to cup, enhancing both
consumer trust and compliance with export regulations. Several firms also integrated
predictive inventory control to reduce stockouts and overproduction, thereby
improving supply chain resilience.

Overall, these insights reflect a strong industry shift toward smart, sustainable,
and technology-driven supply chain models, positioning Hangzhou’s green tea
exporters to meet evolving global standards and consumer expectations. The
qualitative analysis reinforced these results, with managers emphasizing traceability
technologies and predictive inventory controls. Together, these findings demonstrate
that Hangzhou’s SCM practices are positioned not only as operational necessities but
also as strategic levers for differentiation in global markets, providing stronger resilience

than more traditional models seen in Fujian and Anhui.

6. Discussion

The results emphasize three core dimensions of supply chain management
(SCM)—sourcing strategy, logistics efficiency, and inventory management—that are
consistently perceived as highly important, with an overall mean score of 4.07. Yet,
the presence of standard deviation values exceeding 1 for certain items, such as
logistics efficiency (tem 4, SD = 1.101), reveals notable variation in respondent
perspectives. This suggests that while SCM practices are broadly valued, their degree
of implementation differs across enterprises, reflecting disparities in technological
adoption, resource availability, and managerial capabilities.

When compared with other Chinese tea-producing regions such as Fujian and
South Anhui, which remain more reliant on traditional procurement and processing
methods (Shi et al., 2019), Hangzhou demonstrates a distinctly innovation-oriented
trajectory, particularly through digital logistics integration and blockchain-enabled

traceability. On the global scale, Kenya’s tea subsector, dominated by cooperative-
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based exports (FAO, 2022), and Sri Lanka’s auction-driven Ceylon tea industry (Khuyen
& Yen, 2017) illustrate contrasting models. By leveraging predictive logistics and digital
platforms, Hangzhou positions itself between these traditional approaches and
modern digital supply networks.

The findings further resonate with Dynamic Capabilities theory, underscoring
firms’ ability to reconfigure resources, and User-driven Innovation, highlighting
consumer demand for sustainability, transparency, and quality. Digital transformation,
enabled through loT, Al-based logistics, and e-commerce, emerges as a decisive force
shaping industry development. From a policy perspective, government support in
digital infrastructure and training programs can accelerate adoption, while managers
should emphasize strategic investments in technology and workforce skills. Together,
these measures strengthen Hangzhou’s resilience and global competitiveness in the
tea industry.  This study analyzed the activities within the supply chain management
(SCM) of the green tea industry in Hangzhou, China, drawing on empirical insights from
Hangzhou’s export-driven model. The second research objective guided a detailed
exploration of three critical SCM components: sourcing strategy, logistics efficiency, and
inventory management, as visually represented in Figure 3. These components
function across interconnected actors from smallholders and tea pluckers to
processing factories, traders, freight handlers, and retailers, each contributing to the
flow of products and information throughout the supply chain.

Findings indicate that sourcing strategy plays a foundational role in ensuring a
consistent and sustainable supply of high-quality raw materials. Establishing long-term
supplier relationships and multi-tier procurement contracts emerged as crucial
activities in stabilizing upstream operations. Logistics efficiency was identified as a key
enabler of competitiveness, with activities such as real-time transport monitoring,
automated freight scheduling, and digital delivery systems supporting timely
distribution and export readiness. Inventory management practices, including
predictive inventory control and digital tracking, help mitigate risks of stockouts or

overstocking, enhancing both operational efficiency and market responsiveness.
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Activities of Supply
Chain Management

Consumer

[ Inventory management]

{ Logistics efficiency

[ Sourcing strategy

broker

Processing
facto:

tre

(e
Tea Plucker

Figure 3 Activities of supply chain management of

the green tea industry in Hangzhou

The integration of these SCM activities, as reflected in Figure 3, supports a
dynamic and adaptable supply network capable of responding to shifting global
demand. Hangzhou’s green tea industry, by adopting this structured and technology-
driven approach, can strengthen its position in the international market while ensuring

quality, traceability, and sustainability throughout the supply chain.

7. Conclusion

This study demonstrates that integrating sourcing strategies, logistics efficiency,
and inventory management, illustrated in Figure 3, provides a holistic framework for
strengthening Hangzhou’s green tea supply chain. Logistics efficiency emerged as the
most decisive factor, reflecting global demands for speed, traceability, and
transparency. These findings align with the Dynamic Capabilities theory, highlighting
firms’ ability to reconfigure resources for competitiveness, and User-driven Innovation,
which emphasizes consumer influence on sustainability and quality. Compared with

Kenya’s cooperative-driven exports and Sri Lanka’s auction-based Ceylon tea model,
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Hangzhou’s orientation toward digital traceability and predictive logistics illustrates a
more innovation-driven approach. By adopting sustainable SCM and digital solutions,
Hangzhou can enhance resilience, competitiveness, and global positioning despite

limitations of regional scope and uneven digital adoption.

8. Suggestion

For stakeholders, several policy and managerial directions emerge from this
study. Policy measures should support the Belt and Road Initiative in expanding tea
exports while providing guidelines for the development of Intelligent Warehousing
Systems and Intelligent Communication platforms. Strategic initiatives may also
promote Tea Tourism and Rural Revitalization, foster Public—-Private Partnerships for
advancing technology, and implement greenhouse gas reduction strategies to align
with sustainability goals. At the managerial level, enterprises are encouraged to adopt
advanced marketing strategies, integrate Blockchain and loT applications into supply
chain operations, and develop a Responsive-Sustainable-Resilient Tea Supply Chain
Network that strengthens competitiveness and transparency.

For future research, scholars should focus on designing sustainability indicators
tailored to the tea sector, applying Machine Learning to improve operational efficiency,
and developing conceptual frameworks adaptable to other agricultural industries.
Moreover, the findings could contribute to broader agendas, including Smart Cities and
the Digital Economy, by positioning tea supply chains as models of innovation-driven

rural development.
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This project aims to study the production processes of Vietnamese pork sausage
(Moo Yor), fermented pork (Naem), and Chinese sausage (Kun Chiang) in order to
analyze production costs and identify unnecessary activities within the factory that
could be reduced. The study began with data collection from Supattra Products Ltd.,
applying activity-based costing (ABC) to calculate actual production costs and eliminate
non-essential expenses.

The findings indicate that the production costs-comprising raw materials, labor,
and consumables-exceed the current selling prices. This is likely due to the company
not accounting for other cost factors such as machinery depreciation and
miscellaneous consumables. The unit costs per product are as follows: Moo Yor (90g,
140g, 470¢) at 8.43, 13.33, and 44.10 baht respectively; Naem (300¢) at 34.28 baht;
and Kun Chiang (500¢) at 58.10 baht. Moo Yor in all sizes shows the highest production
cost. Currently, the selling prices of Moo Yor do not reflect the actual costs incurred.
Through cost analysis of Supattra Products Ltd., the study identified cost-generating
activities in the production of Moo Yor, Naem, and Kun Chiang. This led to
recommendations for setting product prices that align with actual production costs.

Keywords: Activity-base costing, Production processes, Cost analysis
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1. Introduction

Production management plays a crucial role in enhancing organizational
competitiveness, as today’s business environment is characterized by intense
competition and constantly changing consumer demands. Effective production
management not only reduces operating costs but also contributes significantly to
profit maximization and the overall competitiveness of enterprises (Heizer et al., 2020).
The core concept of production management emphasizes two essential aspects: (1)
responding to customer demands, and (2) minimizing production costs to create added
value and ensure long-term sustainability.

The case study of this research is Supatra Products Limited Partnership, which
has been engaged in processed food manufacturing—such as Vietnamese pork
sausage, fermented pork, and Chinese sausage—for over 20 years. The company has
been certified under the Good Manufacturing Practice (GMP) standard and is recognized
as one of the long-established processed food producers in Phitsanulok Province,
distributing products across multiple provinces nationwide. However, large-scale
production and product variety generate significant costs throughout production
processes and related activities, posing challenges in cost control and profitability.

In modern cost management, one widely accepted and applied approach is
Activity-Based Costing (ABC). This method provides more accurate cost allocation
compared to traditional approaches (Kaplan & Cooper, 1998). ABC highlights which
activities drive higher costs and identifies non-value-added activities, which can then
be improved or eliminated to reduce waste (Gunasekaran & Sarhadi, 1998).
Implementing this approach enhances efficiency, cost transparency, and supports
strategic decision-making in the processed food industry.

Therefore, this research aims to investigate cost reduction in the operations of
Supatra Products Limited Partnership through Activity-Based Costing. The objective is
to identify actual cost drivers, minimize wasteful activities, and develop strategies that
improve production efficiency, ultimately strengthening the competitive capacity of

the processed food business in a highly competitive market.
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Figure 1 Products of the Case study enterprise

2. Research objectives

2.1 To study the production processes and various work activities within Supattra
Products Limited Partnership in order to understand the operational steps related to
production costs.

2.2 To analyze production costs using the Activity-Based Costing (ABC) method
to identify sources of costs and activities that do not create added value.

2.3 To propose guidelines for setting product prices that align with the actual
production costs, which will help improve cost management efficiency and enhance

the enterprise’s competitiveness.

3. Research methodology

This research is quantitative in nature, focusing on the production process of
processed foods at Supattra Products Limited Partnership, with the objective of
analyzing production costs based on the Activity-Based Costing (ABC) concept. ABC is
widely recognized as an approach that provides more accurate identification of cost
sources compared to traditional methods (Kaplan & Cooper, 1998; Gunasekaran &
Sarhadi, 1998) and has been broadly applied in industrial practices to analyze unit

costs (Nontha, 2017). The methodological details are as follows:
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Population and sample
The population comprises production data of Vietnamese pork sausage (Moo
Yor), fermented pork (Naem), and Chinese sausage (Kun Chiang) produced by Supattra
Products Limited Partnership. The sample consists of average production data per
production cycle in the year 2024, selected using purposive sampling, which is
appropriate for industrial research that focuses on specific major production lines
(Wadeecharoen et al., 2017).
Study area and scope
The research was conducted at the processed food factory of Supattra
Products Limited Partnership in Phitsanulok Province. The data collection period was
from January to June 2024.
Research instruments
A production cost recording form (content validity I0C > 0.7), developed in
line with principles of research instrument construction. Production measurement
tools such as weighing scales and work-time measuring devices. A questionnaire for
the production manager’s opinions (reliability Cronbach’s Ol > 0.8).
Data collection
Data were collected from production cost accounts, expense documents,
production line observations, and interviews with operational staff, following practical
industrial data collection approaches (Heizer et al., 2020).
Data analysis
The Activity-Based Costing (ABC) method was applied, using cost drivers for
each activity (Kaplan & Cooper, 1998). The activity cost is calculated as:
Activity Cost = Activity Cost Rate x Quantity of Activity Driver
The sum of all activity costs represents the manufacturing expenses of each

product. The calculation of unit cost is given by the formula:
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Where:
Cy = Unit cost of production
Ce = Total production cost
Q = Total units produced

Descriptive statistics (Mean and percentage) were used to compare actual
production costs with the company’s selling prices to assess economic

appropriateness.

4. Research results
The research results employed Activity-Based Costing analysis, covering three
types of products: Vietnamese pork sausage (Moo Yor), fermented pork (Naem), and
Chinese sausage (Kun Chiang). The analysis was divided into three main parts:
(1) Analysis of machinery and equipment costs
(2) Analysis of depreciation costs of machinery per production cycle

(3) Analysis of packaging costs.

Table 1 Analysis of Machinery and Equipment Costs

Usage in production line Usage Salvage
Quantity Total cost Depreciation
Machinery Moo Naem Kun life values
used (THB) per year (THB)

Yor Chiang (Years) (THB)
Pork slicing machine v v v 1 69,000 7 5,500 9,071
Pork griding machine v v v 1 230,000 7 18,400 30,229
Mixing cutter v v v 1 6,705,000 10 636,000 606,900
Stuffing machine v v 1 1,459,000 10 116,700 134,230
Steaming oven v 1 100,900 5 8,400 18,500
Moo Yor ejector v 1 9,312 5 700 1,722
Cylinder (90g) v 17,820 17,820 10 0 1,728
Cylinder (140g) v 10,530 21,060 10 0 2,106
Cylinder (470g) v 3,159 9,477 10 0 947.7
Mixing machine v v 1 180,000 10 14,400 16,560
Naem tying machine v 1 32,000 5 2,500 5,900
Boiling pot v 1 38,900 7 3,200 5,100
Drying oven v 1 67,800 5 5,400 12,480
Total 8,939,729 811,200 845,473.7
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According to Table 1, which illustrates the analysis of machinery and equipment
costs employed in the production process, it was revealed that the principal
machines—namely the bowl cutter, meat grinder, and stuffer—constituted the
highest proportion of costs. Notably, the depreciation expense of the bowl cutter
amounted to 606,900 baht per annum, representing approximately 71.8% of the total
depreciation costs. This finding underscores that large-scale machinery serves as the

predominant cost driver within the production line.

Table 2 Depreciation analysis of machinery per production cycle

No. of Production
Total annual Depreciation Depreciation per

Machinery product types cycles per
cycles (time) per year (THB) production (THB)

produced year

Pork slicing machine 5 312 1,560 9,071.00 5.81
Pork griding machine 5 312 1,560 30,229.00 19.38
Mixing cutter 5 312 1,560 606,900.00 389.04
Stuffing machine a 312 1,248 134,230.00 86.04
Steaming oven 3 312 936 18,500.00 19.76
Moo Yor ejector 3 312 936 1,722.00 1.84
Cylinder (90g) 1 312 312 1,728.00 554
Cylinder (140g) 1 312 312 2,106.00 6.75
Cylinder (470g) 1 312 312 947.70 3.04
Mixing machine 2 312 624 16,560.00 26.54
Naem tying machine 1 312 312 5,900.00 18.91
Boiling pot 1 312 312 5,100.00 16.35
Drying oven 1 312 312 12,480.00 40.00

According to Table 2, which presents the depreciation costs of machinery per
production cycle, it was found that the bowl cutter incurred the highest depreciation
expense at 389.04 baht per cycle. In contrast, supporting equipment, such as the
filling tubes for Vietnamese pork sausage (Moo Yor) in sizes 90 ¢, 140 g, and 470 g,
recorded depreciation expenses of 5.54, 6.75, and 3.04 baht per cycle, respectively.
Although the unit costs of these items are relatively low, when aggregated with the
large volume of production, they constitute a significant cumulative cost factor in the
overall production process.

From Table 3, which analyzes packaging costs, it was found that the fermented
pork (Naem) exhibited the highest packaging cost per unit (0.565 baht per bag)

compared to Chinese sausage (Kun Chiang) at 0.313 baht per bag and Vietnamese
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pork sausage (Moo Yor) at 0.170-0.229 baht per bag. This finding indicates that the
type of packaging and product format directly influences the overall cost of the

goods.

A519% 3 Packaging costs for the Three products

Total price Unit price
Item Quantity

(THB) (THB)
1. Moo Yor (90g/140g/470g)
Clear plastic bag for 90g Moo Yor 470 bags 80 0.170
Clear plastic bag for 140g Moo Yor 414 bags 80 0.193
Clear plastic bag for 470g Moo Yor 350 bags 80 0.229
Large clear plastic bag for 90g Moo Yor 160 bags 50 0.313
2. Kun Chiang (500g)
Rubber bands for tying 500¢ bags 2,080 pcs 89 0.043
Clear plastic bag for Kun Chiang 160 bags 50 0.313
3. Naem (300g)
Long clear plastic bag for packing Naem 230 bags 130 0.565
Twist ties for sealign bags 130 pcs 55 0.423

Table 4 Production cost per unit for the Three products

Total production Units produced per  Selling price per unit

Product type
cost (THB) cycle (THB)
Moo Yor (90g) 8,410.25 1,100 7.65
Moo Yor (140g) 8,205.35 650 12.69
Moo Yor (470g) 8,215.13 195 42.13
Kun Chiang (500¢) 4,273.62 130 32.87
Naem (300¢) 6,928.40 120 57.74

When consolidating all the data to analyze the production cost per cycle
(Table 4), it was found that the unit costs of Vietnamese pork sausage (Moo Yor) in
sizes 90 ¢, 140 g, and 470 ¢ were 7.65, 12.69, and 42.13 baht, respectively. Meanwhile,
the unit cost of Chinese sausage (Kun Chiang) was 32.87 baht, and that of fermented
pork (Naem) was 57.74 baht.

When compared with the current selling prices (Table 5), the findings revealed

that: Vietnamese pork sausage (Moo Yor): The selling prices were lower than the
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actual production costs across all sizes, with costs exceeding selling prices by 1.6%
(90 ), 8.7% (140 g), and 5.9% (470 g), resulting in losses. Chinese sausage (Kun
Chiang): The selling price was 35 baht per unit, which was slightly higher than the
actual cost of 34.28 baht, generating an approximate profit margin of 2.1%. Fermented
pork (Naem): The selling price was 60 baht per unit, higher than the actual cost of
58.10 baht, yielding an approximate profit margin of 3.2%.

Table 5 Comparison of research-based and current selling prices

Selling price per unit
Product type Current selling price (THB)
(Research) (THB)

Moo Yor (90g) 8.13 8
Moo Yor (140¢) 13.15 12
Moo Yor (470g) 42.36 40
Kun Chiang (500g) 34.28 35
Naem (300g) 58.10 60

5. Conclusion and discussion

This study aimed to investigate the production processes, analyze costs, and
identify appropriate pricing strategies for Vietnamese pork sausage (Moo Yor), Chinese
sausage (Kun Chiang), and fermented pork (Naem) by applying the Activity-Based
Costing (ABC) method. The ABC approach enables precise identification of cost sources
and non-value-added activities (Kaplan & Cooper, 1998; Gunasekaran & Sarhadi, 1998).

The findings revealed that all three sizes of Vietnamese pork sausage (90 g, 140
g, and 470 ¢) had production costs exceeding the established selling prices, resulting
in losses. By contrast, Chinese sausage and fermented pork still yielded modest profits.
A key factor contributing to this outcome was that the enterprise’s original costing
practice did not include machinery depreciation and consumable materials, leading to
underestimation of actual costs. This aligns with Nontha (2017), who reported that

excluding the ABC method often results in cost distortions and inaccurate unit costs.
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Activity-based analysis further revealed that the largest cost drivers were depreciation
of major machinery and labor costs. Accordingly, the researcher proposes the following
improvement strategies:

Efficient labor management: Planning the number and allocation of workers
appropriately to reduce surplus labor costs.

Appropriate use of machinery and technology: Reducing reliance on manual
labor and lowering long-term consumable costs, consistent with Heizer et al. (2020),
who emphasized that investing in efficient machinery increases productivity while
reducing costs.

Regular maintenance of machinery: Preventing production disruptions and
minimizing hidden costs arising from equipment breakdowns. Raw material
management: Sourcing from multiple suppliers to compare price and quality, while
implementing inventory control measures to reduce losses due to material spoilage

5.1 Production Costs of Vietnamese Pork Sausage, Fermented Pork, and
Chinese Sausage The cost analysis using the Activity-Based Costing (ABC) method
revealed structural differences in production costs across the three products. When
calculated as unit costs, the results were as follows: Vietnamese pork sausage (Moo
Yor): 90 ¢: 8.13 baht per unit (Selling price: 8 baht) — loss of 1.6% 140 ¢: 13.15 baht
per unit (Selling price: 12 baht) — loss of 8.7% 470 g: 42.36 baht per unit (Selling
price: 40 baht) — loss of 5.9% Chinese sausage (Kun Chiang, 500 g): 34.28 baht per
unit, compared with a selling price of 35 baht, generating a profit margin of
approximately 2.1%. Fermented pork (Naem, 300 g): 58.10 baht per unit, compared
with a selling price of 60 baht, generating a profit margin of approximately 3.2%. In
terms of cost components, the major cost drivers were identified as follows:
Machinery depreciation: Accounting for more than 70% of total costs, particularly
from the bowl cutter and meat grinder. Labor costs: Significant in the production of
Vietnamese pork sausage, where intensive manual labor led to higher costs relative
to other products. Consumables and packaging costs: Particularly notable in
fermented pork (Naem), which required specialized packaging, resulting in the highest

packaging expenses among the products. In summary, all three sizes of Vietnamese
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pork sausage exhibited production costs higher than their selling prices, resulting in
losses, while Chinese sausage and fermented pork generated slight profits. This
finding is consistent with international studies, which indicate that excluding hidden
costs such as depreciation and consumables may result in underpricing relative to
actual costs (Kaplan & Cooper, 1998; Heizer et al., 2020).

5.2 Cost Reduction Strategies in Production Activities Based on the ABC analysis,
the main cost components in the production process were raw materials, labor,
machinery depreciation, and consumables—serving as the primary cost drivers for
each product. Therefore, the following cost reduction strategies are recommended:
Raw materials: Implement supplier comparison to obtain competitive prices while
maintaining quality standards. Improve raw material storage systems (e.g.,
temperature control, inventory management) to minimize spoilage, consistent with
Lean Supply Chain principles. Labor: Optimize workforce planning to match
production volume, avoiding excess labor usage. Provide training to enhance skills
and efficiency, thereby reducing errors and processing time. Consider substituting
machinery for repetitive, labor-intensive tasks to increase productivity and lower
labor costs in the long run. Machinery and equipment: Conduct regular preventive
maintenance to minimize risks of breakdowns and costly repairs. Invest in high-
efficiency machinery or technology—even with high initial costs—as they reduce unit
production costs over time (Heizer et al., 2020). Employ cost-benefit analysis (CBA)
when deciding on new equipment investments.

Consumables and packaging: Establish standardized usage rates per production
unit to control material consumption. Negotiate with suppliers to lower packaging
costs or consider alternative materials that are cost-effective yet suitable for quality
standards. Improve packaging design to reduce material usage while maintaining

product quality and safety.

6. Suggestions
6.1 Research limitations
This study was conducted in a single enterprise, Supattra Products Limited

Partnership, and therefore may not fully represent the cost structures of all processed
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food manufacturers. Furthermore, the limited data collection period restricted the
comprehensiveness of the findings, as some information relied on estimated values
based on specific production cycles.
6.2 Recommendations for future research

To enhance generalizability and applicability, future research should expand
to other types of processed food enterprises across multiple regions for comparative
analysis of cost structures. In addition, the development of cost calculation models
integrated with modern information systems and production technologies is
recommended. Strategic management concepts, such as Lean Manufacturing and
Green Productivity, should also be incorporated to provide sustainable cost-reduction

strategies and improve long-term competitiveness in the industry.
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Abstract

This research investigated the appropriate parameters in the Austempering
process for cold-work tool steels using the Taguchi method with an L9 orthogonal
array. Cutting tool materials are required to possess both hardness and toughness, as
relying on hardness alone can result in premature failure under non-uniform loading
conditions. In this study, three factors were considered: austenitizing temperature
(1000, 1020, and 1050 °C), tempering temperature (300, 250, and 200 °C), and tempering
time (120, 90, and 60 minutes). The results indicated that the optimal condition was
an austenitizing temperature of 1050 °C, a tempering temperature of 200 °C, and a
tempering time of 60 minutes. This condition produced a hardness value of 62.60 HRC.
Analysis of variance with a 95% confidence level confirmed that this hardness value is
within the acceptable range for cold-work tool steels used in cutting applications.

Keywords: Austempering process, Cold-work tool steel, Taguchi method
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A5197 1 @ UNAUNIALVBITUINUNAGDY

Chemical composition

AlSI D2 C Si Mn p S Ni Cr Mo V Cu
(%wt.) 1.55 031 042 0.02 0.012 0.10 11.80 1.00 0.30 0.04

A15199 2 Javsnarseauvasladenldlunisnnasy

Experimental factors Level 1 Level 2 Level 3
Austenitizing temperature (°C) 1000 1020 1050
Tempering temperature (°C) 300 250 200
Tempering time (Minute) 120 90 60

M157199 3 Orthogonal Ly (3%) array 984350139110 %

Experiments Austenitizing Tempering Tempering
temperature temperature time
1 1000 300 120
2 1000 250 90
3 1000 200 60
il 1020 300 90
5 1020 250 60
6 1020 200 120
7 1050 300 60
8 1050 250 120
9 1050 200 90
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nageumULllagnImAdeuANLTaLUUSoALIa (HRC) % ESEWAY U 305R/RB #nu

HRIFIUVBY ASTM E18 éﬁ'qmwﬁ 3

A.T. = Austenitizing temperature

AT.

T.T. = Tempering temparature
A.C. = Air cooling

Temp.

Hardening

Time

AT 2 LHUAINNTZUIUNTEREMNNLUBSSS

AN 3 LASEINAFRUAMULTILUUSDALIE (HRC)

NIaFINNswaluladgnamnIsulayInINgIi IIMeau Ui iyaans Iy
U9 7 atdui 2 wa. 2568



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 234

4. Nan1538
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Experiments Austenitizing Tempering Tempering Hardness

temperature temperature time (HRCO)
1 1000 300 120 58.90
2 1000 250 90 60.20
3 1000 200 60 61.50
il 1020 300 90 59.75
5 1020 250 60 61.00
6 1020 200 120 61.90
7 1050 300 60 60.40
8 1050 250 120 61.25
9 1050 200 90 62.50
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A151991 5 MTIATIzANLLUsUTIUEmSUT e NdanararauL

Source DF Adj SS Adj MS F-Value P-Value
AT. 2 2.1172 1.05861 952.75 0.001
T.T. 2 7.8206 3.91028 3519.25 0.000

T.Time. 2 0.1206 0.06028 54.25 0.018
Error 2 0.0022 0.00111

Total 8 10.0606
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Abstract

This study developed micro-learning lessons as an innovative approach for the
Accounting System course, focusing on second-year higher vocational certificate
students in the Accounting Program at Uttaradit Vocational College. A total of nine
micro-learning lessons were designed and delivered through social networks to support
the teaching of accounting system design. The content quality and the effectiveness
of the learning tools were evaluated by experts, and the hypotheses were tested using
ANOVA. The results showed that: (1) the micro-learning lessons significantly enhanced
students’ understanding of accounting system design, with F = 1,557.47 > F_critical =
3.95, and (2) there was a statistically significant difference between pre- and post-test
scores at the 0.05 level (F = 2.84 > F critical = 1.44). These findings indicate that the
developed micro-learning lessons were effective in promoting learning and improving
students’ academic achievement, both overall and individually.

Keywords: Micro-learning lesson technology, Accounting system design, On social networks
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Abstract

This research aims to design and develop a solar-tracking robot with position
identification, using the atrium of the Faculty of Industrial Technology, Pibulsongkram
Rajabhat University as a case study. Data from light sensors (LDR), a compass sensor,
and a Global Positioning System (GPS) were collected to build a database of sunlight
and shadow movement characteristics within the atrium. This database was then used
to control the robot’s movement toward sunlight positions, serving as a guideline for
developing an automatic charging system with solar cells during the daytime. In the
experiment, the atrium area was divided into four zones, and the latitude/longitude
coordinates of each zone were recorded to determine the robot’s position. Data on
sunlight availability were collected at different time intervals, and the robot was
programmed to move toward the corresponding sunlight-receiving positions. The
robot’s rotation direction was controlled according to the designated path, while the
light sensors verified the presence of sunlight at the target positions. From the data
collected on February 15, 2025, it was found that during the period from 09:00 to
16:00, the robot was able to move accurately to positions exposed to sunlight
according to the actual sunlight patterns inside the building. The integration of multiple
sensors (GPS, compass sensor, and LDR) enabled the robot to combine the advantages

of each sensor, thereby enhancing the accuracy of its operation.

Keywords: Robot, Position identification, Light tracking, Sunlight and shadows

1. umin

Haguuldinsldvueud (Robot) iiteragsruenuazain liindueiastusou
ey $udn wiemiienusinag o1y usuiiauareaiuSeluR Yueusdides
Tunugmamnssy usudtisnmsdsemaiest Wusu Seduunliuarldvusudtuunniulu
ouran lagaonndesiugnamnssunswanueuiveslaniinindvlnedisfiinszlan
(Wang et al., 2025) @8nAaediuLLINIEAaMNTIH 5.0 (Industry 5.0) FifluurAnnisie
ufusgniuyeduaziugudlunngaamnssuinlinsimuvsesaniuuruguaisuLuy
flafdunisldamuunnsiatuminzandunisszgadld auguuuudmanzas (Arents &

v v

Greitans, 2022) AMUALTOULNITVINNIY VUIANTIASALUUILAUAUNITEITINY U3 88ANTTLY
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nFanufionisldnuiionidu Wuumeiiiingifouasiauumusuddmiviunldauly
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3.1.2 S2UUNSTUAADUVBINUBUR uazITuYasnIIadn
NMstuLPfauNaWBs YR UEUA tTNaWmasNIERaNTe (DC Motor) TuLAiiausle
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LATAIUANNITINNUTENITMElUlATABUINTALET AIUANNITTUARDUAIELNATIANTS
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3.2 N15VN9UIDTFUDS STUNAARIMRUG (GPS) tHusasInfiAnie (Compass
sensor) kazITULILDSWAS (LDR)
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AN 4 WuasTanemig

3.2.2 \Wuweiinficnie (Compass sensor)

Fuwesiafmnslivihnusuiuduedssyidaluideisinuin Wesinms
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3.2.3 @ugasuas (LDR)
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(Light dependent resistor : LDR) fins sLusi meﬁ’muuﬂdaamuqméﬁluﬁuﬁ’nmm%’u
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(Maria et al., 2020) wag (David & Carlson, 1998) FaamnnsANuduS S

distance,one, = +/ (Latitude — Latitude,one1)? + (Longitude — Longitude,ope;)? (1)
distance,one; = +/ (Latitude — Latitude,one;)? + (Longitude — Longitude,one,)? (2)
distance,ones = +/ (Latitude — Latitude,one3)? + (Longitude — Longitude,ones)? (3)
distance,ones = / (Latitude — Latitude,one4)? + (Longitude — Longitude,opes)? @)
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dlo  distance,gera A0 SzezisansumLeensdley 1-4 auasu
Latitude,onera A8 ANEAIAMIUILE1BLYY 1-4 AIUAGY
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Longitude LR ININGLE R LA M

AN 5 NINTINNITT UL HAILALAILAUINITAAF

INNITRTURUNUNADIUEUATINAUNTANNFURUS (1) - (@) Tevinng

= = ! Y o [ a o VY & v
Wiguiigussegsinaanandudiuniesnedaley 1 - 4 viidudeyalunisseylauves
ViusuAvsula

a | s A =i
AINN 6 NMNIFINNITVINUYUALATDUNATULLEN

NIATIVIMANAlULaTRRaNTTULAYIAINTTH WNINEFETAY TiuaaInT Iy
U 7 atiu? 2 w.a. 2568



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 263

3.3 nafiudeyaguiuunisindeuiiveuaseiinduazinlulasannns

mafudeyadesuasorfinduazinlunsdiinuives Taserasineluladgnainnssy
uingdeesgiyaainsm wuiiufivedlosdiuianiie 14 wes 812 30 WA 74 16
wins iuensfifieniugs 3 Suilvieadsudeusowsddu vlifuaseinduazianinduly
uiazsasfeg e siuteyadnimi 7 lnsdnsidudeyaluriafiounuaniug
wuidedseainduarniiniululnsrasiudsusutanudisg Seaaa
Tughadeesiy 09.00 u. - 10.00 u. uAzTIIANEY 15.00 U. — 16.00 u. THufiuasmn
nsznulutSinuiuiifives iewieuifeutufiuiinmvedasneglueias wazuonaindy
Adedsldtmuelou 1 - 4 Tou udaglvudanuning 7 wes 812 15 Weg duananmil 8
wielyvusudszyiumisasng If wasindeufiaenndedlufufinmeveuaseniindfiadeud
ugsunisifinaseringnnnsznuls

(1) 14.00 wu. (2) 16.00 u. () 17.00 u.
AN 7 duniiavesiaianfinduazia lulasenasrasmaluladanainngsy ¥393a76199
feganmsiunauil 15 nuawus 2568

NIaFINNswaluladgnamnIsulayInINgIi IIMeau Ui iyaans Iy
U 7 atuit 2 wa. 2568



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 264

T s

AN 8 dundlau 1 - 4 lou uaghia vadlasarmsmalulaggnaivinssy

4. NaN15998

ndeyalsoaofindnnnsznuuazinniglulasermsauzimalulaggnaimnssy
v 1 [ = a 6 o A v s - =] =

ndregilunsiuraTauaing Tuiui 15 nua1ius 2568 Tunwi 7 wasiIeuiiigy
U a tdl ! d’ ! a L4 gj 1 =
fuusnafudadaulun g 8 wuiuawingannsenuaawmayIaIal 09.00 w. 4381 11.00
w. FAdelaimuanailagded wiandseudisuiudugesssuinasunis (GPS) n13sey
lyuliviususiad ounl ansunuslaud 2 ludalaun 4 Taedivusudiuluniufienig
nyiueani@eanile (NE) AanuazhaseIindannsenu 2wl 7 (n) - (A) 189 ngaaiaiiiu
11.00 . 3UNIENY 16.00 u. seylivusudinisunainduwisloui 4 Tddgun 3 laeq
vugudiulumuiianiengiusenidesdd (SB) Awiregininnisszymunysdnedalounis
wasuilunmi 9 nmsszyleulutiaiainie) Wunmsasuliviusudiiedeuiiludasiums
g3deiudoyaissauatenfindannsznulunnazainian Jeusudazdecdddayasin
WuwesszyRinamunis waziduwesinfianis iieliedouiiluauiianisuazaunusla
ategndes uarliteyaaniduesnmaiauanieddliviusudvensunaseniing

NIATIVIMANAlULaTRRaNTTULAYIAINTTH WNINEFETAY TiuaaInT Iy
U 7 atiu? 2 w.a. 2568



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal

265

o a4 s .
AMNN 9 NIFLAFDUNTULLEIDININE

6

2744981 09.00 U. H91a1 16.00 U.

A13199 1 LAAIELILLASTIANIINITARIUATDIUEUA Y9387 09.00 U, HatIan 17.00 u.

I s
YUY

Wuwesin

Wuwesin

AUANYDY | Auvne
nan azfiyn GRREpl el uaafu waadnan | uesuas Yugus
AFN4 (kLux) (kLux) (kLux) (L)

09.00 u. | 16.235875 | 100.265485 NE 18.7 0.9 17.8 2
10.00 u. | 16.258479 | 100.254896 NE 194 1.0 18.4 2
11.00 4. | 16.254895 | 100.235684 NE 20.6 1.1 19.5 2
12.00 W. | 16.254876 | 100.254862 NE 215 1.2 20.3 2
13.00 W. | 16.265484 | 100.254894 SE 228 14 21.4 4
14.00 W. | 16.254894 | 100.254896 SE 229 14 215 4
15.00 u. | 16.251489 | 100.326547 SE 215 13 20.2 4
16.00 u. | 16.254896 | 100.365489 SE 20.2 1.1 19.1 3
17.00 U. | 16.256849 | 100.325484 SE 1.9 0.3 1.6 3

e NE Aa sunislunisivuafians Tuoenileumile

SE A9 wuuslunismusiane Jusandedla

st 1 ldfimsAuteyadumisleunesjuoud Taeiiudeyaariyn, assiya,
duwesinfiens waznarnsildanduseuanismoaiauiiowiouiisumnsadamumis
nsfuuasefindvosiususd annisifudeyaninuduuasanidusesuasisansd
Wisuiflsutu nuimusudiedeudludshumisaseniindannsenufiuiivedaseaisly
3241281 09.00 . - 16.00 . duluaulsuitszysumislugianaisingg vesiuld a1n
FIIa1dINa1NAIANNAvB LT uge S uateglusEnIng 17.8 - 21.5 kLux wazlugiaian

NIATIVIMANAlULaTRRaNTTULAYIAINTTH WNINEFETAY TiuaaInT Iy
U9 7 atdui 2 wa. 2568




Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 266

16.00 - 17.00 w. {uienlifiuasenfindannsenu wuirdinnusswesduigesuamisao
WU 1.6 kLux Fenanaanduigesuasivaesundutoulyszyumiuwivglunisnsiaie
ANTURANTIRGANNTENY WBNIINANTIEUMUVLIMETayanzAgn, aasdgaLiiedatns
1AE

5. @yunauazn1sanuena

deldunmasiosenlivususiadeufinnuuawnensssyiumaiigideldoonuuy
il nmafunatoyatiafoununiug Tnvasuasofindannsznululaseansdau
241287 09.00 1. - 16.00 u. 1ugrnarAdmualivusudFuyhaulassnluli@ T
$edanniduesszyfidaidunaideddagtu Tnsmsfuteya a Afaduwmisloud 1 8
4 fauandlunmd 8 wagldnasinsindrazign / ansdga a sunisdlagtiuvesiusud Lile
muassluntsnsndaivusudedlndfisamunidulaulanndu 1 doyadugosssy
Amnaiioliviusudvunazindoud lusiunislauiiszyly TnofiarsanAinnuiives
Fuesuasisanwiumis anaanIsvARemUTl 9231381 09.00 . - 11.00 u. M3seyley
Tiiusudindouiannleudl 2 ludslaud 4 uagdiaan 11.00 u. - 16.00 u. seylivjugud
wndounndumislaud 4 Tuddaud 3 990 wuhmsedewiidulumutisnaiuagsun
Tufitmuald annmaaesmanuiswesduresuanians mudisnaniifinaserfindan
n3EMIU NUILEueuasiiALAg 1NN 17 kLux uaztnandilifiuasening Wuwes
WEALANAINUATS UasnI 2 kLux %QLﬂuﬂﬁiI%‘ﬁlamuaGiNﬂ YDUTUDI LAY, UL DSTATANI

waziduwesszuiinalansuduvilivusudlddoyaisaevinnuldegisududung wu

dwsudunwimaiaunssuulszquuaneimewaduaseing luilunnddeddnsoauas
moly

6. NARNIIUUIZNA

[y
v a

n153deassldnseqarlulasumaanueuasziainuanadng Tnslanizeg198das
YaURUAN ANNALLLAEAAIMINTTY Lagd1eANaEAINAuAn UASaallagUnsally
msiudeyavihlinuideluasstiganluldmed inelausiideveveunsenuyaieidenn

v1u gelinsadvayuluiuussnu waglinddladnianlvanugismaslusiunisdnm

¢ o aw o & o & Yy A v ALy
Q‘Uﬂim(ﬂ"lﬁﬂ e[leﬂ"ITV]TJ"UUﬁi@uiﬂuaqlﬁﬂl@l@ﬂﬂﬂ "U\TSU'EJGUE]U?’]‘N"L'J W NUNIY

7. 1ONEN591999
Ajewole., P., Oni, |., & Koyenikan, O., (2024). Development of a Solar-Powered Robotic

Lawn Mower. Journal of Engineering Research and Reports, 26(7), 310-316.

NIANTIVINMTnAlUladnavnIsuLayIAINTIL WNINeNdeTRAivaansy
U9 7 atdui 2 wa. 2568



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 267

Arents, J., & Greitans, M. (2022). Smart industrial robot control trends, challenges and
opportunities within manufacturing. Applied Sciences, 12(2), 937.

Brougham, D., & Haar, J., (2018). Smart technology, artificial intelligence, robotics, and
algorithms. (STARA) : Employees perceptions of our future workplace. J.
Manag. Organ. 24(2), 239-257.

David, E.C., & Carlson, C.G. (1998). The earth model-calculating field size and
distance between points using GPS coordinates. In Site-specific management
guidelines. Norcross: Phosphate Institute (PPI).

Maria, E., Budiman, E., Haviluddin, & Taruk, M. (2020). Measure distance locating nearest
public facilities using haversine and euclidean methods. Journal of Physics:
Conference  Series, 1450(1), 1-7. Doi: https://doi.org/10.1088/1742-
6596/1450/1/012052

Shidujaman, M., Samani, H., Raayatpanah, M.A., Mi, H., & Premachandra, C. (2018, June).
Towards deploying the wireless charging robots in smart environments. In
2018 International Conference on System Science and Engineering (ICSSE), New
Taipei, Taiwan. Doi: https://doi.org/10.1109/ICSSE.2018.8520002

Qamar, Y., Agrawal, R.K,, Samad, T.A., & Jabbour, C.J.C. (2021). When technology meets
people: The interplay of artificial intelligence and human resource management.
Journal of Enterprise Information Management, 34(5), 1339-1370.
Doi: https://doi.org/10.1108/JEIM-12-2020-0549

Wang, S., Lim, W.M., Cheah, J.H., & Lim, X.J. (2025). Working with robots: Trends and
future directions. Technological Forecasting and Social Change, 212.

Doi: https://doi.org/10.1016/j.techfore.2024.123648

NIANTIVINMTnAlUladnavnIsuLayIAINTIL WNINeNdeTRAivaansy
U9 7 atdui 2 wa. 2568



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 268

N1S9NKUULATDLLAINIELUILEA NIAT INLDNANHAUIINIANIAT

RTATRET]

HAUTE COUTURE COSTUME DESIGN FROM
THE IDENTITY OF PHICHIT PROVINCE

Y L3 a a a s

WAy JunsUsedy’, Iuaudl Tale, andand Tesnew, Tae wmainey, g5 gseniing

q

Chartchay Junprateep’, Wimonmanee Buato, Suppawat Wijipongsa,

Chudwalit Kaewladwong, Suriya Suriyatip
AugAlulaBgna MmNt IIne dedgiyaansy o.des A.Avalan Ussinelne 65000
Faculty of Industrial Technology, Pibulsongkram Rajabhat University, Muang, Phitsanulok, Thailand, 65000
*Corresponding author e-mail: ck_architect@hotmail.com

Fuildhszuu 24 NINYIAY 2568
Fuitudlvunanu 26 dnau 2568

QJ 1 ;
UNANE Fuiineusuunany 27 &wnau 2568

el 2

JwdandnsduonnunidiendnuainieUsziRmansuas Tausssusunsanua
mammuﬁaudwmwﬁmuﬁaaﬁuﬁuLﬁummﬂmamﬁ‘ufmamuiwmmm AYNDUDY

LONANYAILAZUTANMIIIAUSSTY TFnen1nlunsUiIUNAB8aALTId519855A lUSUNas el

'
Ya v a

Q1ENDALTDITNIHIUNTZUIUNITODALUU ARRY pilALEUl N USUNLUIAALAT DILAIIN LD

<)

Tod 305 FaduRavzundulszmersuea unisdndutugmsoundutugediendnuel
NEAY U1UTEENAYRNLEITUS 099 1IHALENAN ¥YRITINIATANS Waysnidlunisduasy
Woulsanseusndinusssuviesdu aivauailnil wasilalonalinguauguludla i
gnanuwainedaUTausssulugluuuswadsluusendlny

¢ o & A e N J I3 3
noUszasd fall 1) WileAnwikazesnuuuinIaduaenIgLwiled NASIN
NaNulTImIandng 2) iieUseliuauauianelanINHaIUeBNLUULATOILAINIELYT

va o o

ladl paAnenadnualdminiiing fadeaniunisfnyikareanuuunuinguszasd Loy
[ 1 Ly 1 . . 1 < 1 v 1 v o
NINUANGNAIDYINLUULANZAN (Purposive Sampling) wusoanidu 2 ngu laun 1) LYEIYEY
AUNTTOBNLUULNTY 91U3U 3 Yinu uag 2) nguEuslam 91U 50 AU 81g5ening 20-40 U
Tuwnsnodins J9nInRINT eaUsElUsEAUANURINDL 3 AU A (1) AUNALEAINLAY
ANNAI9NY (2) MuUsElevIwazNSIaaY (3) AUNISANTEDUIAATID MINSYUIUNITILATT
NER
' va o ° P v o Y] % P Y o X
ey devinisAnwikay lauiwuy Aldwanduuuy Jeldnsiuna aall
(1) AMUNAR YNINWALAINUEIIULALRA 8 (X =4.43) (S.D. = 0.48) S2AUNIN

(2) @ulselevinaznisldaes Aade (X = 4.33) (S.D. = 0.51) S¥ausn (3) @runsAileds

NIANTIVINMTnAlUladnavnIsuLayIAINTIL WNINeNdeTRAivaansy
U9 7 atdui 2 wa. 2568


mailto:ck_architect@hotmail.com

Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 269

LUIAALATASEUIUNITHNAS ANLAAY (X = 4.30) (S.D. = 0.52) SLAUNIN HASINYTI 3 AU
fAnads (X = 4.35) (S.D. = 0.50) 5¥AULIN wansliiuInauaseassa danudululealy
nstllgese sudadidnannsgendenndludnuingUssanvuesanie

ArdAey: Tod a3, londnval, Jminfians

Abstract

Phichit Province is an ancient city with valuable historical and cultural identities,
enriched by local legends that serve as an important part of Thailand’s cultural
heritage. These narratives reflect the uniqueness of the province and present
opportunities for creative reinterpretation in a modern context through design
processes. This research focuses on integrating Haute Couture fashion-French high
fashion characterized by exclusivity, meticulous craftsmanship, and custom-made
designs-with the cultural narratives and identity of Phichit Province. The aim is to
promote local cultural preservation, generate new cultural value, and provide younger
generations with access to cultural identity in a contemporary format.

The study had two objectives: (1) to investigate and design Haute Couture
garments inspired by the cultural identity of Phichit Province, and (2) to evaluate
consumer satisfaction with the designed garments. A purposive sampling method was
employed, comprising two groups: three fashion design experts who assessed the
appropriateness of the designs, and fifty consumers aged 20-40 years in Mueang
District, Phichit Province, who evaluated satisfaction across three dimensions:
(1) aesthetics and visual appeal, (2) functionality and usability, and (3) consideration of
design concepts and production processes.

After conducting the study and developing Prototype A, the results indicated the
following: (1) aesthetics and visual appeal were rated at a high level (X = 4.43)
(S.D. = 0.48), (2) functionality and usability were rated at a high level (X = 4.33)
(S.D. =0.51), and (3) consideration of design concepts and production processes was
rated at a high level (X =4.30) (S.D. = 0.52). The overall evaluation across all three
dimensions was also rated at a high level (X = 4.35) (S.D. = 0.50). These findings
demonstrate that the creative design is feasible for practical application and has

potential for commercial development in line with the objectives of the study.
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Abstract

Thailand is located in a tropical climate zone, resulting in generally high
temperatures and humidity throughout the year. This leads to thermal discomfort for
building occupants. Therefore, air conditioning systems are commonly installed to
control temperature and humidity within a comfortable range. However, this practice
contributes to a high proportion of energy consumption in buildings, particularly from
air conditioning systems. This study investigated energy conservation management
strategies for air conditioning systems, using the multipurpose academic building at the
Faculty of Industrial Technology, Pibulsongkram Rajabhat University as a case study.
The building houses 32 air conditioning units, prompting an assessment of feasible
measures to reduce energy consumption. Two key strategies were identified: (1)
Replacing outdated air conditioners (in use for over ten years) at a proposed budget
of 1,652,800.00 Bath. This measure is projected to save 78,566 kWh/year (377,117.00
Baht/year) with a simple payback period of 4.38 years. (2) Implementing periodic
maintenance through twice-yearly cleaning, requiring an annual budget of 41,600 Bath
and offering savings of 12,888 kWh/year (55,789 Baht/year) with a very short payback
period of 0.37 years. These findings highlight practical and cost-effective approaches
to managing energy usage in air conditioning systems. However, budget considerations
are crucial for ensuring the suitability of the selected measures prior to
implementation.

Keywords: Energy conversation, University, Air conditioning
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WU (KW/TR), A1dRsaulseansainndsay (EER) way ?Jﬁa/iu

4.2.3 deyaveainiesusuemiefilsannnstufinteyau et 2567

4.2.4 feyaveainiessuemeafilsainnsasiata Uszneuluse

- auianduaudne/ndu (m/s) fersesinaruisian Digital Anemometer

fvie HABOTEST §u HT625 Amagtden +(2%+0.5m/s) (uansfan il 3 (n)

(% v 6

- aeuunAAUuaNIe/NAU (°0) way ANMUTUFUNNSAUANTI8/NEU (%RH) G

9 Y
[
o a A

wIoingamnduazauyuluunnn/mesluduida 8%e BENETECH ju GM1361 A1y

9 Y

WS + 39(30-95%); + 5%(10-30%) LarALAzLEsn 0.1%RH (LansfanIwi 3 (1))

(n) r3oeIAANILTIAY () LASRYINRAIMQ kaANNYUFUTNS

f9 HABOTEST u HT625 f9f0 BENETECH Ju GM1361

STANLEY

TYLON™
S5m/16’

(A) LAFDIIALIIAU waLNTLwa LN () MAULIAS
8vio Fluke Ju 377FC

awi 3 gunsalinsesile Nldlunisasiaindeyaveasosusueinia

NIATIVIMANAlULaTRRaNTTULAYIAINTTH WNINEFETAY TiuaaInT Iy
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'
o w Y a v

- Anaalulin (kW) areasesianaaud AC/DC wsesulndwuuluduna 8ve
Fluke 3u 377FC (4anesenIni 3 (a))
- NUNNTNFRYBIaNL/NAU (M?) MTAFULLAT (LERIRININT 3 (1)

4.4 Ap1enveyavaunInsliuaInIAnNtiaInNsAIM

5. Han1sAnwLazaiUTIENa
Han13ANwIMIeNInIn1signiauslunuidedazaenndesiunanisAnyiauie

o

199 U Usgnauduninsn1siiazgnilauelzaenad 09NUUTUNY0981A1INATET
v o = ¢ a ° 9 a ° ' o ¢
gaemdsiaulssanaiiaunsaunldlauasnsidsu/msiminesenisagiue e

AMSANYIEUNTOLERS bARaT)
5.1 aasnsUsulaguasasusuenidlng

nsAnwlalianudiAyluiinswisueiessuemeanietgnisidanuiu 10 U
= 1 a o aa 1 a = a1 @ | a a o A o
WasansesUuemandenenislidauiu 10 U aslAgnsdiudseansainnasauien
wazdinslindanuingininasesusvemalnifsudasiinisguatizesnwainiy nanis
FA1ERNISTUTULUE 9ULAS DIUSUBINALEAIAINISI9A 2 (LAS BaUSUBINIALUY A
wIoaUsURINIALUULENEIU (Sprit type) WUU Inverter)

NToYARANIAINITIN 1 1AT09UTUBINIANAARAY B 81AISITEUTINT VUL oY
msldauunnndt 10 ¥ lnefvuianisvianudusgsening 25,000 - 60,000 BTU/hr wazd
ANDMIIEINUTLANTAINNAI991Y (EER) 581719 6.18 — 9.87 BTU/hr/W LagHan15ILAIIEH
A15USUUREULATBIUSUDNINFLARIAINISIIN 2 WUIN AeFaerssuUseanalunisusulasy
A3DIUSUBINIAWINAY 1,652,800.00 U LagiilalUagua3e9UsuanmaAnIiunssigannig
Tdngaauludnle 78,566.00 kwh/A Ancduaildarenasundsnulniidsendalavaty
377,117.00 v/ Fsdaduszezanfuyuegeielanindu 4.38 U

5.2 1MIN15PRNUTIIENTaNATIUTUBINA
N139euU13I28N15a19AedeLd Y (Evaporating coil) wazmade ey (Condensing
. <] % % o < . [ ] 14
coil) LagliATLAUAINNAUYBIF1TVIIAINNLEY (Refrigerant) TuszuuusuniAaza el
ATl URINIANANTIAUENTYINUNT A SR dINUSEANS AN gl TEIN T Y
az 10 (USymed Wudiense uay udll yniluas, 2563) dsduranisAnwludiuilazuanina

A15AATIZINITANATRIUSUDINATBIDIANSISIUSIY LAERANITIASIZALEAIAIAI1I9T 3
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A519Tt 2 TR zinIsUSUIAB RS el S U INIAIATS ST

ﬁ ﬁaq Cap. ’«i’ﬁmu EER Energy saves Saves Inv. PB
BTU/MD  (a3p9) () (wmsl)  cwhd)  (UA)  (um) @

1
1 faeWnenanse (1) 48,000 3 6.18 10.11 6,801 32,645 178,500 5.47
2 yipaine19nsd (2) 36,000 1 805 12.22 2,291 10997 45,500 4.14
3 vepaSeu 4104 60,000 2 898 124 5,484 26,323 107,000 4.06
4 paduu 4105 36,000 2 858 1222 3,436 16,493 91,000 552
5 auSyu 4109 48,000 2 555 10.11 3,400 16,320 107,000 6.56

il 2
6 Fouine1a1se (1) 25000 1 733 1222 1,370 6,576 36,300 552
7 fesiudindinwy 36,000 2 805 1222 4,582 21,994 91,000 4.14
8 ﬁaqﬂizﬂguﬁ’meﬁm 48,000 2 873 124 6,160 29,568 107,000 3.62
9 Fouine1a1se (2) 48,000 2 738 124 6,160 29,568 107,000 3.62
10 ipalSey 4206 48,000 2 71 124 4,620 22176 107,000 483
11 aquSgy 4207 36,000 2 875 1222 3,436 16,493 91,000 552
12 aquSgy 4211 48,000 2 987 124 4,620 22,176 107,000 4.83

il 3
12 geWnenanse (1) 36,000 2 805 12.22 4,582 21,994 91,000 a.14
14 g fuRnns 48,000 1 834 124 2,310 11,088 53,500 483
15 ﬁmamgmﬁau 48,000 2 719 124 4,620 22176 107,000 483
16 aquSgy 4305 60,000 2 825 124 8,534 40,963 119,000 291
17 aquSgy 4310 48,000 2 834 124 6,160 29,568 107,000 3.62
78,566 377,117 1,652,800 438

NUYLAR

(1) wasulvin Aruieain [Cooling Cap. (BTU/hr) / EERT*[wu.n15v19ulu 1D * Load factor (0.70)] / 1000

(Load factor = 0.7 fip SasrdmseninUinanislidviadereusinanisidnihguanlurawia Senunsaldmanisal

Ausenslglningega uagdsussnsuImsdanisndsanu)

) ndsuliihAusendals Ao wdsnuliihiwsasuSueinma “inin” 19y WeuiuwsesuSuenna “luy”

(3) swpgiafuu Ao Alddnenusendals (Un/yean) msiie Ruamu (Um)

(@) (1nn) Fp wwSesUSUBINAASRLM way (lvsl) Ao wSesUSuaineALASadlud

(5) AAUALATIEII8NIIPIUNAIIY AU 4.80 UIN/KWh
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M13199 3 MTIATILINTTENUITIIENITALATEIUTUBINADIANSIS LTI

Cap. UM Enerey (kWhAU) Energy saves  Saves Inv. PB
%94 . (uw/
@BTUAD  (1AT99) (iAW)  (M&W) (kwh/) - tm @)
)
i 1
1 ¥99Wne1a15e (1) 48,000 3 4674 4249 1,275 6120 1950 032
2 WBene1R1sed (2) 36,000 1 3,529 3,207 322 1,540 650 042
3 PouseU 4104 60,000 2 5674 5158 1,032 2,476 1300 053
4 olseu 4105 36,000 2 3,529 3,207 644 1,540 1,300 0.84
5 Pous8Y 4109 48,000 2 4674 4,249 850 2040 1300 0.64
Fudt 2
6  MWINN®I1DI5Y (1) 25,000 1 2332 2,119.85 212 1,018 650 064
7 vesladinAnw 36,000 2 3529 320795 642 3082 1300  0.42
8  vieaUseyuUnidin 48,000 2 4,674 4,249.23 850 4078 1300 032
9 RINN®IRI5Y (2) 48,000 2 4674 4,249.23 850 4,078 1,300  0.32
10 YRdseu 4206 48,000 2 4674  4,249.23 850 4078 1300 032
11 Yieseu 4207 36,000 2 3529  3,207.95 642 3082 1300 0.2
12 Wou3ou 4211 48,000 2 4,674  4,249.23 850 4,078 1,300 032
Fudl 3
12 %ene115d (1) 36,000 2 3,529  3,207.95 642 3,082 1,300 042
1 viewlfumnis 48,000 1 4,674 4,249.23 425 2039 650 032
15 Viesrugnadeu 48,000 2 4674 4,249.23 850 4078 1,300 032
16 veu3au 4305 60,000 2 6076 5523.59 1,105 5303 1300 0.25
17 oaseu 4310 48,000 2 4,674  4,249.23 850 4,078 1,300  0.32
73793 67,082 12,888 55789 20,800 0.37

NANSILATIEVLANIT N5 97 3 wuTn TuusasTeuuszanamsaasudssanaaiiote
thgauniesUiuonasonsdeinanuazeinedeifu Aededeulas nsadaasinniig
By Wiy 41,600.00 Vn/2 a4l Tnsanunsadndudundsnuliiinfianadly 12,888.00
kWh/a asduailddnenissundsnulninfivseudalasindu 55,789.00 v/l Fedmdu
sganAuyuegadelaiiu 0.37 Y

MnnamsiaseRisduaziulginsassuUsrnaniiedualddedmsuniseou

Urgalaensdaniesdsveniatuiinudluduegrawnn ewevsdigliaussousnis
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uveaseslsuemalianifegiauedsdwmalnenswonisldndsnu uregslsfiniud

o & a{' e a =2 ¥ = U = U d'
ﬂ'J’]iLI"D’]LU‘L!‘V]GDSWE]Q‘W‘U’WM’]QQE)’]qﬂ?i&LsUﬂ’]u‘U@QLﬂiaﬂﬂiU@’]ﬂ’]ﬂ Taglanigiasasusuanniadn

° = 1 P =

fiognisldauiu 10 ¥ illanudnduiiazdesnsuamuiiouiulisunionsuenialm
a0 [ 1

\Hewngiasasuiuamalniazdagnsidiudssaniamnasnungs 3938 situiagly

JulsEIamUTas wianunsaazdiganlddneanduundsilussesedla

6. ayunauazn1saAUTIENa
mui%’m’fﬂumiﬁﬂmmLLu'm’mmiU%mﬁ@mimwu%’mﬁwé’mu‘tmzwﬂ%’ummﬂ

nsilAnw191A5TEUTIN ANznAlUlaggnaI NIl InInedenvdgiiyaaasiy Jamda

fiwaglan Han1sAnwInuI IAssimngaufuntsulszneuldieg 2 1msnsmdn

il

>e

(1) M3gentnzienIsavnededu Aodesounarnmadaussiuveasyiaudy
wmsmstaglfaulssnatesfiandeioudsutuinnnsuiudswaionivonia Tae
nua891ur095geud uil ved aed sauuszanalunisgentige 2aseA i oraele
\3esUfuemimaansainwanssaurmsinenlvidegiaue (Fsaenndosiunanisdnuives
Usnad dufionss & vywilues, 2563) Tngluudarleutszanamsisulssananiiogou
ﬁﬁuﬂ%aﬂ%ﬂmmmmﬁu 41,600.00 Un/(2 ad0)A waravanunsoannslindenuliag
16 12,888.00 kWh/d) Anudualdanensdundanulniindiuseusalawindu 55,789.00 U/
U wazliszesiianAunu 0.37 U

(2) m3vsuasmAIssUuemaiifiongmsldaumnnnit 10 ¥ 1ueiesivernia
WU Inverter 3nsn1siiadesissutszanalunisasmugs wivnanunsovildagaaglinng
anmslindanlussuuduemalduafifign (Feaenndosiunanisfinuves Bonisal yas
Tnde3, 2566) laagdasasulszanalumsuiuidsuieiasuiuenmamiaiy 1,652,800.00
U dsaztrsannisldndsanulinlg 78,566.00 kwh/A Aaduelddneniaimundany
Inihiisendalawiiu 377,117.00 U/ wazdlszevlaanAunu 4.38 U

oglsfinu e lilduamenisuImsdansiafiaaasilesesitauuszanuing
mhonuivioanusasaulszinald witsdnsdentizuaiesuiuonafesyinedislios
Faw 2 ad1 uazmsiimsuiudsueiossivoinmadediongnisléomay 10 ¥ uenaind
mndiosmslddeyaiignaesuaranysaiiinminduiiszfondudoyatlumnislivionsou

WAL/Y30 TILUINSIFNUTBLATDIUSUDNNA
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